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EXECUTIVE SUMMARY

This document presents the updated version of the data models developed until M24 of The Food
Safety Market (TheFSM) project and their machine-readable representations. In the document we
briefly present data types, data sources, and data formats. Special attention is paid to the domain-
specific ontologies, standard classifications, and vocabularies. The result data models are based
on the desk research and analysis, based on data inventory of publicly available datasets, as well
as dataset samples provided by TheFSM consortium. The detailed analysis of data requirements
of all use cases and certification schemes serves as a basis for TheFSM integrated data model.
Developed machine-readable data models are in compliance with the industry-accepted
standards in order to ensure interoperability of theFSM platform. This document will be further
updated at M36 to describe the final data model and its extensions in terms of data
interoperability and coverage.

D2.1 | Data Models & Representations 6
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1 INTRODUCTION

1.1 Scope

This document describes the current of The FSM data models at the point of completion of MS2
“2nd Release of TheFSM Data Platform and Applications” (M24). It builds upon the first iteration
of the data model design, presented in version 1 of D2.2 in M12, for which we analyzed data from
data inventory and conducted desk research of available domain-related standards and
ontologies. The data inventory contains both data from public resources, data samples provided
by TheFSM project consortium and improved data models based on additional data sources, APIs
and more domain-specific ontologies. A final version of this deliverable will be submitted at the
end of the project, when MS8 “Final Release of TheFSM Data Platform and Applications” is
completed (in M36).

1.2 Data

The following types of data were considered as relevant — grouped by availability
(public/proprietary) and  information  organization in  different data  formats
(structured/unstructured) with some examples.

== Public open data

« RASFF, EURCSTAT, FDAEnforcement Reports, .

mad Proprietary data sources

o NWWA IManagement system, Fammers management system, Industry
(feed, processing, waste (RENDAC)) management systems,
Slaughterhouse management system, R etail management system,
Certification Bodies management system, GLOBAL GAP, etc.

e Structured data

« databases, csv, excel, etc.

== Unstructured data

« himl wiebsites, pdftextual documents, pdf scanned documents,
climate data {interactive media on website)

Figure 1: Types of datasets

When we use public open data we need to identify the scope and the particular subsets that are
relevant to the project. For example, Langual contains foods, beverages, ingredients, drinks which
are relevant to the project, but it also contains other information for counties, how food should
be stored or cooked which is not useful in the context of the project.

D2.1 | Data Models & Representations 10
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For proprietary data we need data samples to be shared in order to analyze the data structure
and to envision the necessary data services that will be developed for such data processing.

For unstructured data we need strong justification of the particular data source and lack of any
other option to gather the essential data from other data providers in a structured format.

Faood
Inspection.  recals Barder
reports rejections

Audit Lahoratary
reports data

Consurmer Inspection
complaints D t results
constant ty pe S Cerfficates

Producer W eather
data forecast

Agricultural
Warnings
Anproved
pesticide
Jatabases

Farm data

Supplier
profiles

Figure 2: Data types

1.3 Relation to other deliverables

The data model developed is based on the detailed analysis of business, data and technical
requirements of all use cases described in D1.1 “Report on Requirements for TheFSM” (delivered
in M4), in compliance with D2.2 : “Data Services” (delivered in M12), D2.3 “Report on Data
Population” (delivered in M12) and D3.1 “TheFSM Open Reference Architecture” (delivered in
M12). The best practices, state-of-the-art and standards are taken in consideration as well.

1.4 Outputs of the deliverable

This deliverable provides description of the outcomes of T2.2 - the initial version of the data
model. The current version of machine-readable representation of the developed data model is
available at Github repository.

The Github repository contains definition of theFSM data model in various formats and the
supplementary documentation. Some screenshots of this repository are provided below.

D2.1 | Data Models & Representations 11
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inTrail/epc

e @R A LODDe S eE &

& OriginTrail / epcis-erm  Prvate Owatch - 1 Trsar 0 Prok 0

<> Code (@) Issues 1) Pull requests () Actions [ Projects [0 wiki © Security |+ Insights

¥ food-auth ~ ¥ 2branches @0 tags Go to file Add file ~ About

Na description, website, or topics

This branch is 33 commits ahead, 1 commit behind master. 1% Pull request Compare provided.
[ Readme
%.‘ nikolatulechki vocab generation v d3d3sd7 19 daysago (O 75 commits
.github/warkflows validate turtles last month Releases
broilers d +smth last month No releases published
Create a new release
certification-use-case Render PlantUML files 2 months ago
ci add bash for permission denied last month
Packages
vocab vocab generation 19 days ago No packages published
Publish your first pack:
[ GS1Food Beverage Tobacco_Schema ...  certification cases 2 months ago s yeurirspackags
[ READMEmd readme toc 2 months ago
Contributors 2
[ action-type.ttl i + smth last month
v . .
[ business-steps.ttl ci + smth last month %’ nikolatulechki Nikola Tulechki
[  business-transaction-types.ttl ci +smth last month patzomir
[ certificate-example.puml adding documents 2 months ago

Figure 3: Github repository — food-auth branch

©) epcis-erm/model.ttl at master X [g

<« C @ © @& hitpsy/github.com/OriginTrail/epcis-erm/blob/master/madel.ttl 120% b
a8 Orig\'nTraiI/epcis-erm Private @ wateh ~ 1 Ve star 0 Y rok 0

<> Code (O Issues 1) Pullrequests () Actions  ['] Projects [T Wiki © Security [~ Insights

¥ master - epcis-erm / model.ttl Go to file

Plamen Tarkalanov changes to ontology v Latest commit fes2ag7 on Dec 10, 2020 {9 History

A0 contributors

610 lines (529 sloc) 20.7 KB Raw  Bame &I 2 O

<https://thefsm.ontotext. com/resource/> .

efsm.ontotex

com/resource/ontology#> .

gs1-epcis: efsm.ontotex

gsl:
skos:
rdfs:

org/2004/62/skos/core#> .
org/2000/01/rdf-schemat#> .
.0rg/2002/07/owl#> .

.org/dc/terms/> .

gsl-epcis: a oul:Ontalogy
rdfs:label "The FSM Ontology™ ;
rdfs:comment "An ontology to represent the FSM data” ;
dct:creator <htt;

wwi . 1inkedin. com/company/ontotext-ad>

dct:contributor <https://uaw.linkedin. con/in/plamen-tarkalanoyv-167abas1/>;

dct:created "2020-12-10"

dct:modified "2020-12-10""

owl:versionInfo "@.1" .

Figure 4: Github repository — epcis-erm/model.ttl
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©) epcis-em/somlyamiat maste X [
<« C @ © & nttps//github.com/OriginTrail/epcis-erm/blob/master/somlyam

R @ B LYODD 68 *E &

& OriginTrail / epcis-erm  prvate @Watch ~ 1 97 Star | 0 Yok 0
<> Code Issues

Pull requests Actions Projects Wiki Security Insights

¥ master ~ epcis-erm / soml.yaml Go to file

Plamen Tarkalanov changes to ontology Latest commit fes2as7 on Dec 10, 2020 ) History

A 0 contributors

492 lines (492 sloc) 11.6 KB

Raw Blame G 2 O

id: /soml/gsl-epcis
label: The FSM Ontology
creator: http://wa.linkedin.com/company/ontotext-ad
versionInfo: '@.1'
created: '2020-12-10°
updated: '2020-12-10°
prefixes:
dct: http://purl.org/dc/terms/
fsm: https://thefsm.ontotext.com/resource/ontology#
gsl: http://gsl.org/voc/
gsl-epcis: https://thefsm.ontotext.com/epcis#
owl: http://www.w3.org/2002/07/owl#
rdfs: http://uww.w3.org/2000/61/rdf-schema#
skos: http://uww.w3.org/2004/02/skos/core#

Figure 5: Github repository — epcis-erm/soml.yaml
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2 PUBLIC DATASETS AND ONTOLOGIES

In this section we briefly outline the public datasets and ontologies that are relevant to the FSM
data model. We start with an overview of many thesauri and ontologies, relevant to food and food
certification. Then we present in more detail the ones that were selected as most appropriate for
standardisation of FSM data representations.

2.1 Overview of domain-specific standards and ontologies

Domain-specific ontologies are a special focus in data modeling as they provide common
vocabularies that allow for uniform data representation and provide machine processable
meaning. Some of the popular vocabularies in the food and food certification domains are listed
in the table below.

Table 1: Domain-specific Standards and Ontologies

AgroVoc’ A controlled vocabulary for describing food, nutrition,
agricultural, marine, forestry, environmental information. It is
also part of the GACS initiative, which aims to map the core
concepts of three major thesauri AgroVoc, CAB, and NAL.

CAB Thesaurus® CAB Thesaurus is the essential search tool for all users of CAB
Abstracts and Global Health databases and related products. It
provides a controlled vocabulary resource of over 2.9 million
descriptive terms, for the applied life sciences including:
agriculture, forestry, horticulture, soil science, entomology,
mycology, parasitology, veterinary medicine, nutrition, rural
studies.

NAL Thesaurus® The National Agricultural Library's Agricultural Thesaurus is now
available as Linked Open Data. The Thesaurus and Glossary are
online vocabulary tools of agricultural terms in English and
Spanish and are cooperatively produced by the National
Agricultural Library*, USDA’, and the Inter-American Institute for
Cooperation on Agriculture, as well as other Latin American
agricultural institutions belonging to the Agriculture Information
and Documentation Service of the Americas® (SIDALC). NAL

' http://aims.faoc.org/vest-registry/vocabularies/agrovoc
2 https://www.cabi.org/cabthesaurus/

3 https://agclass.nal.usda.gov/

4 http://www.nal.usda.gov/

> http://www.usda.gov/

6 https://www.iica.int/en

D2.1 | Data Models & Representations 14
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ICASA

Food Safety Knowledge
Markup Language®
(FSK-ML)

FoodEX2'"?

Thesaurus is used to select controlled vocabulary terms for
subject indexing of AGRICOLA, PubAg and other databases.

Data format for documenting experiments and modelling crop
growth and development, facilitating exchange of information
and software.
e The ICASA V2.0 can be found in this paper’
e The current update version (ICASA V3.0) can be
requested from the DSSAT development team?®:

In development with the participation of BfR, aiming to describe
data and models relevant to risk assessment tasks. With the
Food Safety Knowledge Markup Language (FSK-ML) we now
extend the PMF-ML format to enable the exchange of
knowledge / information that is embedded in specific script-
based programming languages (e.g., “R”, Matlab, Python). The
FSK-ML guidance document primarily aims at harmonizing the
exchange of food safety knowledge (e.g. predictive models)
including the associated metadata where this knowledge is only
available in a software dependent format.
e Inthe provided link, there are tutorials and a developer
guide pdf document™
e One can also read about the FSK-Lab - an open source
food safety model integration tool" -

The European Food Safety Authority (EFSA) has developed a
standardized food classification and description system called
FoodEx2. EFSA has established a collaboration for the use of
FoodeEx2 with several institutions. Among these, the Food and
Agriculture Organisation (FAO) of the United Nations and the
Friedman School of Nutrition Science and Policy at Tufts
University.

e Inthe provided link, there are YouTube tutorials for the

software.

” https://dssat.net/wp-content/uploads/2014/02/White20131CASA V2 standards.pdf

8https://dssat.net/data/standards v2/#:~:text=IBSNAT%20Data%20Standards&text=The%20ICASA%20standards%20h

ave%20evolved,original%20plain%20text%20file%20format

9 https://foodrisklabs.bfr.ound.de/fsk-ml-food-safety-knowledge-markup-language/

10 https://foodrisklabs.bfr.bund.de/wp-content/uploads/fsk/FSK guidance document V3 1.pdf.

" https://foodrisklabs.bfr.ound.de/fsk-lab/.

2 https://www.efsa.europa.eu/en/data/data-standardisation

D2.1 | Data Models & Representations 15
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GeoNames'?

eCl@ss Classification and
Product Description™

XACML OASIS Standard

GS1”®

13 https://www.geonames.org/

Should be used as an international standard for country codes.

An ISO/IEC-compliant industry reference-data standard for the
classification and unambiguous description of products and
services. The classification establishes a uniform semantic
standard, enabling Internet of Things and product master data
to be exchanged digitally across all borders — across sectors,
countries, languages and organizations.

In TheFSM, access to data assets is regulated through Attribute-
Based Access Control (ABAC) policies, based on the XACML
OASIS standard, that allows the data providers to protect and
share their data assets, even when they do not have any prior
knowledge of the potential individual data consumers in the
food certification data value chain. XACML promotes common
terminology and interoperability between access control
implementations by multiple vendors.

GS1 standards provide a common language to identify, capture
and share supply chain data— ensuring important information is
accessible, accurate and easy to understand. GS1 Global Data
model'® plays important role in interoperability.

GS1 vocabulary has many props related to food'” and perishable
goods. Another benefit of using GS1 is the Global Location
Number'® (GLN) is used to identify locations and legal entities.
This unique identifier is comprised of a GS1 Company Prefix,
Location Reference, and Check Digit. Another specification
provided by GS1 is Global Trade Item Number' (GTIN) - it can
be used by a company to uniquely identify all of its trade items.

https://www.eclass.eu/fileadmin/downloads/eCl%40ss company brochure.pdf

Shttps://www.gs1.org/

Tehttps://www.gs1.org/standards/gs1-global-data-model

https://www.gs1.org/industries/retail/fresh-foods

8https://www.gs1us.org/DesktopModules/Bring2mind/DMX/Download.aspx?Command=Core Download&Entryld=1

58&language=en-

US&Portalld=0&Tabld=134#:~:text=The%20Global%20Location%20Number%20(GLN)%20is%20used %20to%20ident

ify%20locations,is%20a%20GLN%20used%20for%3F

9 https://www.gs1.org/standards/id-keys/gtin
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EPCIS? Electronic Product Code Information Services (EPCIS) is a global

GS1 Standard for creating and sharing visibility event data. The
goal of EPCIS is to enable disparate applications to leverage
Electronic Product Code (EPC) data via EPC-related data sharing,
both within and across enterprises. Ultimately, this sharing is
aimed at enabling participants in the EPC?' global Network to
gain a shared view of the disposition of EPC-bearing objects
within a relevant business context.

2.2 Metadata

In addition to the data collection activities, TheFSM will also generate its own valuable data assets

in terms of metadata that will improve the description, interlinking, normalization, unification, and

quality assessment of the collected datasets. The use of W3C standards such as PROV-O for

provenance and DCAT for data catalog description will be encouraged.

e PROV-O?: The PROV Ontology -The PROV Ontology is expected to be both directly usable
in applications as well as serve as a reference model for creating domain-specific provenance
ontologies and thereby facilitates interoperable provenance modeling.

e Data Catalog Vocabulary (DCAT) - Version 2% - DCAT is a vocabulary for publishing data
catalogs on the Web, which was originally developed in the context of government data
catalogs such as data.gov and data.gov.uk, but it is also applicable and has been used in other
contexts.

2.3 SKOS

Simple Knowledge Organization System®* (SKOS) is a W3C recommendation designed for
representation of thesauri, classification schemes, taxonomies, subject-heading systems, or any
other type of structured controlled vocabulary and will be used to represent relevant entities that
are not covered by other schemas such as GS1 and EPCIS. The ontology generation pipeline
described in D2.2 also covers creating small and medium Certificate and certificate families

2.4 W3C Cube ontology

In order to express statistical data such as laboratory measurements, meteorological data, or any
other dataset resulting from a systematized observation of project-relevant entities, we require a
proper representation of data. Whenever necessary, data that is commonly expressed (and
exchanged) as spreadsheets will be transformed into a homogeneous semantic model and

20 https://www.gs1.org/epcis/epcis/1-1

21 https://www.gs1.org/sites/default/files/docs/epc/EPCIS-Conformance Requirements.pdf
22 https://www.w3.0rg/TR/prov-o/#introduction

23 https://www.w3.0rg/TR/vocab-dcat/#introduction
24https.//www.w3.0rg/2004/02/skos/
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described using the W3C Cube ontology®. This process will ensure high interoperability of
observation data as well as easier maintenance and backward compatibility of novel datasets.

The W3C CUBE ontology (QB) captures multidimensional observations (data cubes) using the
following terminology (in bold). We map roughly these QB terms to the data items discussed in
previous sections and expressed using tGS1 and EPCIS. The first 3 are called "components".

e Dimension: entity, quality, method

e Attribute: unit, context

e Measure: value

e Observation = Dimensions + Attributes + Measures

QB defines what components are expected in a specific gb:DataSet by using a
gb:DataStructureDefinition. QB provides some flexibility that affords data efficiencies, and
avoiding combinatorial explosion:

e (B allows using several dimensions per observation, without tying them up together.
E.g., you can use 3 dimensions entity="plant", quality="height", method="whole
height”

e We could also use several measures per observation (e.g. as taken by a combination
instrument), although this is less commonly used.

e One could split a dataset into Slices (or other kinds of ObservationGroups) by fixing
some of the dimensions, so one doesn't need to repeat them for every observation.

25 https://www.w3.org/TR/vocab-data-cube/
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Figure 6: W3C CUBE Ontology

Adapting the model to the project-specific entities will be done by defining a large number of
classes. In order to both streamline this process and ensure that it can be done collaboratively by
domain experts and in a fully decentralized fashion, we employ a technique using shared Google
sheets and automatic ontology generation by converting the data from the sheets into the final
model. This setup is described in D2.2.

2.5 Standardisation and interoperability of TheFSM data

Interoperability of food safety data in FSM is ensured by mapping main data types to ontologies
that are compliant with a wide set of standards. In the following subsections we will briefly present
the ontologies to which data is mapped at the moment (M24). Further datatypes will be processed
in the final year of the project and this section will be updated accordingly.

2.5.1 Langual

As a basis for the food data interoperability, we map data to Langual®. LangualL™ is a framework
for description of foods and related terms, including food ingredients, cooking methods,
geographic places and regions and other facets for classification. LangualL™ facilitates links to

26https://www.langual.org/
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many different food data banks and thus contributes to coherent data exchange. Langual data
contains links to the following standards or datasets: EC, EFSA FOODEX2?’, EUROCODE2%, EFG,
CCPR, GS1 GPC®, USDA SR¥*. In addition, Langual is a multilingual thesaurus where each
descriptor is identified by a unique code pointing to equivalent terms in different languages (e.g.
Czech, Danish, English, French, German, Italian, Portuguese, Spanish and Hungarian). This support
for multilingual food terms was also an important argument for mapping TheFSM data to
Langual.

We used the Food Product Indexer tool for browsing the Langual thesaurus. Next, a screenshot
of the tools is provided.

&F Langual 2017 - Food Product Indexer Version 3.99 [October 2013] - X
File Find Centre Panel Right Panel Report About
8l8|3| nle| +|a|-| &a| LI
- MEAT AND MEAT PRODUCTS EFSAF0 » | Descriplion AD40P
: :f:ﬁiASIESFDD.SHDY'?;?SEILAPSS[;E;PATILEE Indexed Food D ata Set [1] Fight-Click Grid for Menu Descriptor 7
-EGES 4ND EGG PRODUCTS (EFS4 FOOD nbined Terms |39820 - LASAGNA [EFSA FOODEXZ)
- SUGAR AND SIMILAR, CONFECTIONER® Rralated terms
- ANIMAL AND VEGETABLE FATS AND OI ﬂ
-FRUIT AWD WEGETABLE JUICES AND NI
-WATER AMD WATER-BASED BEVERAG
-ALCOHOLIC BEVERAGES [EFSA FOODE: Fonds in Data Set [551] Riight Click Grid for Menu SRS
- COFFEE. COCOA. TEAAND INFUSIONS | —
-FOOD PRODUCTS FOR YOUNG POPULE FD__| 0K[R |Original food name 2 0
- PRODUCTS FOR NON-STANDARD DIET [W<1340 G BEERIT)
. - COMPOSITE DISHES [EFS4 FODDEX2) | | [1048 ACIDIFIED SOUR CREAM
[ 38460 - DISHES. INCL. READY TO EAT MEAL | %1300 ACIDOPHILUS MILK
- - 1430 ACTIVE DRY YEAST
; Y | |ALCOHOL-FREE BEER Scops Note r
B &S0 =[RS D IS (U W1 %1202 ALE. PASTEURIZED, BOTTLED
i 359590 - PASTABASED DISHES. UMC —
LE:_I--3SBDD-F'ASTABASED DISHES, CO0 | #1002 ALL BRAM CEREAL, EXTRA FIBER,
. 39610 PASTA, PLAIN (NOT STU | |»1086 ALMOND EXTRACT, IN GLASS BO1
- LASAGNA [EFSA FOO | [¥1086 ALMOMD PASTE Y]
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-PASTA COOKED, W'I: Langual Descriptors for Selected FoodRight-Click Grid far Menu Additional infarmatian
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-PASTA, COOKED, Wl - ingredients. Mare detailed information on the characterizing
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.. 39720 - RICE BASED DISHES DRY. L | [ED123 [LIQUID, LOW YVISCOSITY, WITH MO VISIBLE The part consumed/analysed is by default the whole
- 39730 - RICE BASED DISHES, COOKE | |Ho232 |ALCOHOL FERMENTED T e o B
[ 33840 - SOUPS AND S4LADS (EFSA FOODE: HO24E | CARBOMATED BY FERMEMTATION [https: /v google co.uk /search Ptbm=ischiq=Lasagnal
B- 40330 - FRIED OF EXTRUDED CEREAL, SEE |28 ALCOHOL FULLY REMOVED
- 40480 - SPOOMABLE DESSERTS AND ICE CI 140121 | PRESERVED B FILTRATION
- 40500 - SEASONIMNG, SALICES AND COMDIMENT —
- 40510 - SEASONINGS AND EXTRACTS [EFS: | [PO024 HUMAN CONSUMER, WO AGE SPECIFICATIC
- 40670 - SAVOURY EXTRACTS AND SAUCE | |08 | RXUCIO (Alets (LA @R WElE
[=- 40260 - COMDIMEMNTS [INCLUDING TABLE-T
-- 40870 -VINEGAR [EFSA FOODE=2) [404:
E| 40910 - SAVOURY SAUCES [EFSAFOOD W
[ B neeom nnmseomnsres ovenn ancsans < 3
< >

Ready

£ Type here to search

Figure 7: Langual food product classification

7 https://www.efsa.europa.eu/en/data/data-standardisation
28 http://www.danfood.info/eurocode/

29 https://www.gs1.org/standards/gpc

30 https://fdc.nal.usda.gov/
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In order to use Langual as a vocabulary to map TheFSM data to, we first extracted the data with
the help of the mdbtool®'. Next we have removed all unnecessary data like how to cook your
food or how to store it. After that we've extracted the food labels, codes and standards from
descriptions, so we can transform it into RDF format and then use it in our reconciliation service.

2.5.2 USDA

We have also considered using USDA Open Data® as an extension of the Langual taxonomy. Such
an extension is easily enabled using a mapping file provided in the Langual website. For version
2, Langual has provided sufficient coverage of food related data values. In the final year, based
on the actual data processed by the FSM platform, we will decide whether the USDA extension
shall be added to the taxonomy.

2.5.3 Wikidata

Wikidata®® is a free and open knowledge base, containing 96,764,844 data items represented in a
way that is understandable both by humans and by machines. Wikidata contains structured data
representation of the information in Wikipedia, Wikivoyage, Wiktionary, Wikisource, and others.

In the context of TheFSM we are using Wikidata data provided in RDF format**, the so called truthy
dataset, to semantically enrich data entires of companies and locations. For the purpose of
semantic enrichment we are constructing TTLs for each domain and creating ElasticSearch®
connectors which are used by the reconciliation service (described in D2.2). In the index we include
links to other public data sets like Geonames for locations and the Virtual International Authority
File®® (VIAF) identifiers for companies.

2.5.4 PubMed and MESH

PubMed*’ is a free digital repository that archives open access full-text scholarly articles published
in biomedical and life sciences journals. As one of the major research databases developed by the
National Center for Biotechnology Information, PubMed Central is more than a document
repository. The Medical Subject Headings®® (MeSH) thesaurus is a controlled and hierarchically-
organized vocabulary produced by the National Library of Medicine. It is used for indexing,
cataloging, and searching of biomedical and health-related information. MeSH includes the
subject headings appearing in MEDLINE/PubMed, the NLM Catalog, and other NLM databases. In

31 https://github.com/mdbtools/mdbtools

32 https://www.usda.gov/content/usda-open-data-catalog

33 https://www.wikidata.org/wiki/Wikidata:Main Page

34 https://www.wikidata.org/wiki/Wikidata:Database download/en
3 https://www.elastic.co/

36 http://viaf.org/

37 https://pubmed.ncbi.nlm.nih.gov/

38 https://www.ncbi.nlm.nih.gov/mesh/
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the context of TheFSM, we will use MESH as a thesaurus to which unwanted substances, activities
and additives that appear as data values will be mapped.

2.5.5 GS1GPC

GS1 standards provide a common language to identify, capture and share supply chain data—
ensuring important information is accessible, accurate and easy to understand. Thus, the GS1
Global Data model plays an important role in data interoperability in the FSM. GS1 vocabulary has
many props related to food and perishable goods. Another benefit of using GS1 is the Global
Location Number (GLN) is used to identify locations and legal entities. This unique identifier is
comprised of a GS1 Company Prefix, Location Reference, and Check Digit. Another specification
provided by GS1 is Global Trade Item Number (GTIN) — it can be used by a company to uniquely
identify all of its trade items.

We are using the standard as a basis for the food taxonomy service, which allows users of the FSM
Platform to tag datasets they upload with information about what type of food-related data these
datasets contain. We have made use of the GS1 GPC hierarchical structure and we have converted
it to RDF by using the SKOS schema.

2.5.6 FSCC 22000

The Food Safety System Certification 22000 (FSSC 22000) FSSC is a global non-profit and
independent scheme owner that provides trust and delivers impact to the consumer goods
industry. FSSC 22000 has significant impact on global food safety for over 12 years through
supporting the consumer goods industry in implementing 1SO-based management systems,
reaching its objectives and the Sustainable Development Goals.

We use the FSCC 22000 scheme to standardise FSM food certification data in the semantic model
(see section 4.3.1 for more details).
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3 SEMANTIC DATA INTEGRATION

Semantic Data Integration is one of the best ways to integrate diverse data across organizations
and enterprises, and to exploit available datasets both as commercial data and in the LOD cloud.
Initially adopted by Life Science and Biology researchers, semantic web techniques have by now
found a wide following, notably in the Agro sector, which in many cases leverages ontologies
developed in the Bio community.

3.1 Semantic integration process
Semantic Data Integration aims to harmonize data from heterogeneous sources often from
various providers and convert it to a semantic form. Semantic Data Integration employs a data-
centric architecture built upon a standardized model for data publishing and interchange, namely
the Resource Description Framework (RDF).

In the RDF framework heterogeneous data - structured, semi-structured and unstructured, is
expressed, stored and accessed in the same manner. This is made possible because the data
structure is expressed through the links within the data itself instead of being constrained to a
structure imposed by the database. Alleviating this constraint has an additional benefit - removing
the costs and complications that come with replacing a database solution that has become
obsolete due to the evolution of data. As changes in the data structure occur they are reflected in
the database through changes in the links within the data.

Furthermore, RDF not only provides a simple and standard way to express all data, but it is also
the backbone of Semantic Technologies. This enables the inference of new facts from the data, as
well as the enrichment of the available knowledge base by accessing Linked Open Data (LOD)
resources.

A substantial part of the semantic data integration is to match instances about the same entity
coming from different databases (aka coreferencing). The final result is an integrated Knowledge
Graph of data in a specific domain. The following steps are carried out as part of the process of
semantic integration:

Sampling tabular and/or RDF data from project partners

Sample data analysis

Listing data requirements and competence questions

State of the art research. listing existing ontologies and other related ontologies
Selection, combination and extension of ontologies (Ontology engineering)
Develop semantic models that show precisely how RDF data comes together. Long
experience shows that while ontologies describe the terms (classes and properties) that
can be used to describe a domain of interest, they do not describe how these terms
come together to represent a particular data scenario or situation.

e Data cleaning and normalization

e Data enrichment
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e Creation of semantic conversion scripts.

3.2 Semantic Integration within WP2 of TheFSM
In this section we summarise the specific semantic integration work carried out in WP2 by M24 of
the FSM project, inline with the generic steps above.

We have collected and analysed the following data types for which samples were provided by the
partners:

[ | Food taxonomy — a CSV file that contains product codes, labels and codes of
product category

[ | Hazard taxonomy — a CSV file that contains hazard codes, labels and codes of
hazard category

| Suppliers — a list of company names from FOODAKAI. Includes many duplicates

and similar values. This is one of the major challenges to data integration since
the risk events (incidents) processed may use different names for the same
company. There is no identifier that we can rely on to link internal data
(incidents) or to link to other datasets, so mapping to a public dataset with
company names can help solve this issue.

| Country taxonomy - tabular data that contains the identifier of a country, name
and codes for the continents.
| Incidents - tabular data with information about products and product

categories, who has reported the problem, what hazards have been found in
the food, who is the supplier(company), country of origin and from where the
alert was received.

First, we have started with the foods provided by AGROKNOW in tabular format. We have
searched for a proper dataset which has the right food standards and covers the data provided
by the partner. Based on that we have choosen Langual (see section 3.5.1 for more details) which
is compliant with several standards and covers the necessary information. We have then cleaned
up the dataset and converted it into RDF by using OntoRefine. And finally, we have created an
ElasticSearch index which is used by the reconciliation service for the semantic data integration.

Once we have finished with the foods we have continued with the countries. For them we have
decided to use Wikidata (see section 3.5.3) due to its large georgraphic coverage, links to other
datasets and ISO standard codes. Here we have downloaded the RDF version of Wikidata, loaded
it in GraphDB and created an ElasticSeach index over the countries with the necessary properties.

Next, we moved on to the food incidents which includes data about foods, hazards and countries.
We analysed the samples provided and reached the conclusion that the data is very consistent
and there is no need for cleaning up or any other action. For this data we use the previously
created reconciliation services.
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For the food taxonomy service used in the FSM platform we have used GS1 GPC (see section 3.5.5)
and its hierarchy. We have downloaded only the foods and beverages part of GS1 GPC, converted
it to RDF by using OntoRefine and appling SKOS ontology.

Then we continued by processing the Food Safety Certificates data(FSSC), which contains
information about companies with their address and information if they are certified to sell or
manufacture food. First, we have created a semantic model by mapping the tabular data to SKOS
ontology, EPCIS 2.0 standard and SCHEMA (model can be seen in the next section). We are
planning this to be used in the next steps in the semantic integration service.

Finally, we have created enrichment services for other types of data samples, such as hazards and
suppliers(companies). For hazards we currently use data from MeSH and PubMED (see section
3.5.4), but based on the outcome and partner feedback, other public datasets might be selected.
Meanwhile for the suppliers we will use Wikidata and will process the sameway just like for the
countries.

The semantic model created as basis for the integration of food safety data is presented in the
next section. It combines the existing ontologies and datasets in the food domain, as presented
in section 3. This model is represented in RDF and is easily extensible, shall some of the data
processed in the platform require this. When instance data is created, based on the model,
identifiers (URIs) should be unique and for this purpose we are combining the data label either
with the code or row index.

In the final phase of the project, we will continue with the integration of more food safety data
types, validation of semantic data (through SHACL or SHAPEs) for conformance to the model,
instance matching through services developed in WP2 (as presented in D2.2) and creation of
sample queries for the query explorer developed in WP2.

3.3 The FSM semantic model

The integrated semantic model created for the needs of the FSM data builds upon and extends
the domain specific ontologies presented in section 3. The classes which are specific to the FSM
platform use cases are defined as subclasses of different classes from the extended ontologies. By
using the subclass property we enable all unique FSM objects and data to be read through the
ontology classes thus enriching the objects and improving interoperability with other systems.
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Figure 8: FSM integrated data model

The model defines the following list of subclasses specific to the FSM:

1. The CertificateGrant, Incident, Inspection, LabTest and Audit are made subclasses of the
EPCIS ObjectEvent

2. Producer, Manufacturer, FoodProcessor, Distributor are subclasses of Supplier which
together with Retailer, CertificationBody, CertificationSchemaOwner, FoodSafetyAuthority
is a subclass of GS1 Organization.

3. The Certificate, Document and ProductBatch classes are subclasses of GS1 Product.

4. Products and ingredients classes are based on Langual and USDA representations of
foods, ingredients and drinks.

5. Food Safety hazards classes enable linking to MESH and to PubMed articles that provides
more information or lab test data.

D2.1 | Data Models & Representations 26



v TheFSM The Food Safety Market: An SME-powered industrial data platform

The Food Safety Market to boost the competitiveness of European food certification

3.3.1 Certifications

In order to express certification of producers, food processors and other parties involved in the
supply chain the model needs to handle two generic cases — organization level certification
information and product level certification information.

© CertificateGrant1

a fsm:CertificateGrant

gsl-epcis:eventTime “2012-05-09"Axsd:dateTime
gsl-epcisrecordTime 2020-12-02T00:00:00"A4xsd:dateTime
gsl-epcis:eventTimeZoneOffset  "00°

gsl-epcisieventiD “certificate_grantl”

gsl-epcis:action <taxonomy/action_type/observe>
gsl-epcis:businessStep urn:epcglobal:chv:bizstepreceiving
gsl-epcisidisposition urn:epcglobal:chv:disp:active

gs1-epcis:destination gs1-epcis:source \"EEE

© Organizationl © NSFinternationalStrategicRegistrations © 15022000_Certificate

a gs1:0rganization a fsmCertificationBody
gsliorganizationName “Charlottetown Metal Products® gslorganizationName “NSF International Strategic Registrations®

a fsm.Certificate
gsLlinkType https:f fcertifications thomasnet.com/certifications /glossary fquality-certifications fiso fise-22000-2005/
gsl Dat “2015-05-08"AAxsd:date

Figure 9: Organization level certification sample

As a start, during the first cycle of semantic model development (presented in version 1 of this
deliverable), we enabled modelling of organization certification through GS1 and EPCIS. In the
above example an ISO 22000:200539 certificate is presented. We treat the certificate as a product
of the Certification Body. The certification body gives the certificate to the Organization.

39 https://www.iso.org/iso-22000-food-safety-management.html
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© CertficateGrantl

1 fsm:CertificateGrant
gsL-epcis:eventTime “2019-08-22"Mxsd dateTime
gs1-epcis recordTime “2020-12-02"xsd dateTime
gs1-epcis:eventTimeZoneOffset  *00"

gsL-epcis:eventD “certificate_grant?*

gsL-epcis action <taxonomy/action_type/observe>

gsl-epcishusinessStep  urn:epeglobalch:bizstepreceiving

gs1-epcis:disposition urnepeglobalchv:dispactive S~

~—
""-\-\.\‘-H
gs1-epcis:destination gs1-epcis:source \ngc
‘\H"-\.
~
—
© Organization] @ ThelslamicFoodAndNutritionCouncilOfAmerica © Haal Cenli
1 s 1:0rganization 2 fsmCertficationBod . fomCerfit ] :
gslmgamm%nNamge “NSE Products, nc” gsLorganizatonhame. The \i\anx(andAndNumtmnCnuncw\OfAmenca‘ gsLiinkType https//mm.nuskm.(ndmd/cnntent/nuskmfen_MV’/pmducts/nu_skm/ha\a\_cemﬂ(ate/Ju_mntent/bndyCnntent/\mage_fef&.\mg.Jpg/lsebssﬂlﬂs-camem
. = gslexp “2021-03-31"Mxsd date

ifsm:product

(©) gz

“https:/ /id.gsL.org/gtin/37003902"
1 gsLProducts
gslproducthame  “ageLoc Body Shaping Gel”

ifsm:product

(©) awsromssozpen

H fsmBatch
gslproducthame  “ageLoc Body Shaping Gel”
gsLhasBatchLotNumber *1*

Figure 10: Product level certification sample

Another aspect of information covered by the model is related to the product subject of
certification. Above, we provide an example of how a Halal certificate is represented. These
certificates are provided only for some products provided by a company. We treat the certification
grant in the same manner as in the previous example.

The extension compared to the previous example is that the certificate node links to a product.
This product is a GTIN prefix for a company product. All batches of this product will be linked to
it with the fsm:product link.

During the second iteration of semantic model development, carried out between M13 and M24
of the project, we have extended the certification model and mapped the FSCC to EPCIS 2.0. This
allowed us to cover more details of the certification information. Below, we provide a snapshot of
the model with mappings to FSCC.
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=certificate/(ROWNQ)=

a gsl:CertificationDetails

gsl:certificationAuditDate "[Date decision]"™"xsd:date
gsl:certificationEndDate "[Date wvalid]"~"xsd date
gsl:certificationStartDate "[Date issue]"™"xsd:date
gsl:certificationStatement "[Statement]"
gsl:certificationStatus "[Status]"
gslinitialCertificationDate “[Initial certification]"~ " xsd:date

gslicertificationType gs LicertifiedOrganization gslicertificationAgency

fsscCati(Subcategory)

a skos:Concept

< = < B b b =
“PK Subcategary — FK FCC* organization/(uuid) https:/fwww.fssc22000.com . il
dct:conformsTo "[Normative Documents]” a gsl:Organization a gsl:Organization schema:ur
skos:example "[Example of included activities and products]" gsl:organizationMame "[Organization]" gsliorganizationName "Foundation FSSC 22000"
skos:notation "[Subcategory]"

skos:prefLabel "[Description]"

skos:broader gsl:address

Y
<organization/(uuid)/address=

fsscCat:(Category)

a gsl:PostalAddress

|skos:inScheme gsl:addressLocality "[City]"
skos:notation "[Category]” gsl:addressRegion "[State]"
skos:prefLabel "[Title]" I| gsl:postalCode "[Zipcode]"

J; gsl:streetiddress "[Strest]”
%s:irﬁchen:% gs 1:addressCountry
y

fsscCat:

a skos:ConceptSchema
skos:prefLabel "FSSC 22000 Certificate Categories"

a skos:Concept

wd:reconciledCountry

a gsl:Country
schema:name "[Country]"

Figure 11: FSCC categorization extension of the certification sample

3.3.2 Documents

The documents are represented in a similar manner as the certifications. We treat as documents
the following classes:

e |[ncidents

e Audits
® [nspection

e Lab tests

They can be represented using the same logic in the model Below we take the following sample
from the FOODAKAI*® API and illustrate how it is represented in the semantic model.

40 https://www.foodakai.com/
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"id":"FDK_18341544",
! "title":"Other hazard in ready to eat - cook meals by «
France » from France",
! "description":"Date : 29 NOVEMBRE 2020\r\nINFORMATION
CONSOMMATEURS\r\nRAPPEL DE PRODUIT\r\nLa Société « 1001 FRANCE » procede
aujourd'hui au retrait de la vente de sa \r\nrecette « Mon mijoté de courges
butternut et beuf » suite a la mise en évidence de \r\npossibles morceaux de
graines de courges dans le produit.\r\nIl s'agit des lots portant les
caractéristiques suivantes : \r\nNature du Produit : Repas complet pour
bébé\r\nMarque : HAPPYLAL BABY\r\nGENCOD : \r\nFORMAT
grammes\r\nDLC : /03/ (LOT : MEL46V11) et ©9/05/ (LOT :
MEL@2B06)\r\nCode emballeur/Estampille Sanitaire (ou numéro de lot) : FR
CE\r\nL'ensemble des lots sont retirés de la
commercialisation.\r\nCertains de ces produits ont cependant été commercialisés
avant la mesure de \r\nretrait.\r\nIl est donc recommandé aux personnes qui
détiendraient des produits appartenant aux \r\nlots décrits ci-dessus de ne pas
les consommer et de les détruire ou de les \r\nrapporter au point de vente.
\r\nLa société « FRANCE » se tient a la disposition des consommateurs pour
\r\nrépondre a leurs questions au numéro de téléphone : «

.\r\nAfficher jusqu'au décembre ,
"entityType":"incident",
"createdOn":" TOO:00:00",
"updatedOn":"2020-11-30T14:05:06.916673",
"dataSource":"FOODAKAI",
"tags":[
"france",
"ready to eat - cook meals",
"other hazard",
"prepared dishes and snacks",
"europe"
])
"published" :true,
"privateData":0,
"linkedEntities™:[
{
"id":"FDK_18341542",
"title":"« 1001 France »",
"description”:"",
"entityType":"supplier",
"createdOn":" T14:05: "
"updatedOn":"2020-11-30T14:05:06.916707",
"dataSource" : "FOODAKAI",

"tags":[

1,
"published" :true,
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"privateData": 0,
"linkedEntities":[

1,

"internalId":null

1,

"internallId":

}s

Figure 12: Example for an incident from FOODAKAI

© Incident

a fsm:incident

gsl-epcis:eventTime "2020-11-29"rAxsd:dateTime

gsl-epcis:recordTime "2020-12-03T00:00:00"AAxsd dateTime

gsl-epcis:eventTimeZoneOffset “00%

gs l-epcis:eventlD “incident1”

gsl-epcis:action <taxonomy/action_type/observes>

gsl-epcis:businessStep urn:epcglobal:cbv:bizstep:receiving

gsl-epcis:disposition urn:epcglobal:.cbhv.dispactive

gsl-epcis:destination [gsl-epcis:source C
Y
(©) FoK 18341542 (©) Foopakal (©) incidentReport

a gs1l:Organization a gs1l:0rganization a fsm:Document
gsl:organizationName "« 1001 France »" gsl:organizationMame “FOODAKAI® gs1:linkType “http:/ flink-to-reust?”

fsm:product

Y
© ProductBatch
a fsm:ProductBatch
fsm:product If it had a batch®

Figure 13: Incident document example

We treat the FOODAKAI as the source organization of the event as such information is not
provided by FOODAKAI and no one outside Agroknow is able to validate it. The example incident
has structured information only for the organization which supplied the food product that has led
to the incident. In TheFSM Platform, we would like to be able to identify a product or a batch of
products. In order to accommodate for such granularity, we use the fsm:product relation to a
product.
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4 INTEROPERABILITY PER USE CASE SCENARIO

In this section we present some implementations for TheFSM use cases scenarios: food supply
chain, retailer scenario, certification body scenario and food safety authority scenario. In order to
ensure interoperability for the FSM platform, the data is integrated through the semantic model
and is thus compliant with GS1, EPCIS, W3C and other domain-specific ontologies.

4.1 Food supply chain example

We took the use case regarding the life cycle of broilers and their supply chain. In the diagram we
can see the different organizations and their interaction in the process of making broiler meat for
consumers.

(@) () ®“—""“-*:"|
® 2 ) ‘)/‘\;_____. —® __:f:
T~ 4 = - e .!l
e - ) .
./ = - I/"'\L_d___ i f!{____d__—— —-"@ _———;.i:
e & .
. e e

Legend
3 broiler 640 broiler 17 hatching 480 broiler /7 ) 19 slaughter- . millions of
[ ] .
breeding firms o parent breeders .firms farms N/ houses 35/ processors @ 208 retalecs consumers

feed import of export live export broiler import broiler
producers live broilers broiler meat meat

— main stream = e » import/export ¥ inter-trade -~ recall, feedback

Figure 14: Food supply chain scenario

First, we apply the GS1 EPCIS standard to the use case. We represent any movements of products
and consumption of such in the case of feeding as an event.

e We have 6 Transportation events that reflect the mainstream from the presentation. These
events are of type observation. We assume that with a single event we can capture the
transition of the product from one organization to another. We could think of the event
as the place in time which the product is received in the second organization. We omit and
in fact infer the event that a product has been sent by the first organization.
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e \We add additional events for laying an egg, hatching an egg, slaughtering a broiler, and
packaging the meat. These events are of type Transformation. We are assuming that one
or more products are consumed to produce another product. In the case of laying an egg,
the transformation gets as input the broiler and outputs the same broiler and the egg. For
the other cases, the logic is similar.

We assume that every broiler, packaged food, broiler egg, broiler meat and broiler packaged meat
is uniquely identified. The model currently is not complicated with the logic of handling
aggregated packages of broilers and etc.

@ ©
(©) packaging (©) saugher

tepireating dass instance

ot | “nputtpc |/ wtputtpe inpatye outputtpe Nnputtpe S oputpe | inpuaEpc
s | Y s ¥ | N
= Y -y = )
I\(/I BrolerPackagedMeat | .\E/ BroflerMeat \E/ Broiler2 I\E/I BroilerEgg | I\[/I Broderl
T s | T sirona s simas T s | T simam
gsLproducthame “Broiler packaged meat’ gsLproductiame  “Broiler meat” gslproductName  Brodler” gsL:productName “Broiler Egg” gslproduciName  “Broiler”
L | w n * | L
| / AN | \
lepc source, destination epc source, destination e “epc source, destination feac source, destination lepe
e | w ) ® =)
\9 Transportivents \ \S/ TranspertEvents \g TransportEventd @ TransportEvent3 \\E) TransportEvent? | I\gl TransportEvert]

sl crévent
me  2020-20-00B 0000

eOffset "+0 e
& £ et
mepcgbbalchv hzsteprecening bizsten

urncepclobalch bizsiep receiving bizstep epcghobalctu bizstapreceiing

‘Gestination " saurce / destinztion " source ‘destination "\ source / destination N\ source destination source

\ S \ ¥ / \ | P
N ¥ ¥ Y £ E s v ¥ Ll

N ¥
© res (©) processee (©) stoperase (©) sroterrarm (©) HatingFim (€) ruesmesser (©) breedingrm
s

o Y

2 gsLOrganczaton gsL0rganzation 2 gs10rganization a gs1.0rganization a gsLOrganization f gsL0rganczaon a [l
gsLorganizatioeName“Haichingfirm &' MatchingFrm A” “Haachingfirm A" HalckingFrm &° HalchingFrm &° xf  |sss

Organization

Figure 15: Scenario implementation with the FSM model

The above diagram shows the model of the main flow of the products. We will add additional
diagrams displaying the secondary relations between the organizations.

The feeding of the broilers is important in order to keep track of how they have been raised and
the quality of the meat. The feeding is relevant to Broiler Parent Breeders and Broiler Farms. The
process of feeding is captured in two events:

e Buying of food - the point in time when a batch of food is being received in a farm or
breeder organization. The food has its unique identifier signifying exactly which food
package we refer to.

e The feeding itself - the point in time when a broiler is fed with a particular package of
food.
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© ParentBreeder

gs l:Organization
gsl organizationName “BroilerParentBreeders A"

%Ce v\M""E‘llon

© BroilerFeedingl © BroilerFood1
a gsl-epcis:TransformationEvent a gsl-epcis:ObjectEvent
eventTime “2020-05-02709:00:00° eventTime “2020-15-01T09:00:00°
recordTime "2020-11-09T09:00:00" recardTime "2020-11-09T09:00:00"
eventTimeZoneOffset  “+02° eventTimeZoneOffset  “+02°
eventlD “feedingl” event|D “food1”
bizStep urn:epcglobal:cbv:bizstep:creating_class_instance bizStep urn:epcglobal:cbv:bizstep:receiving

0 |
L inputEpec / outputEpc inputEpc epc source

© Broiler © BroilerFood © FoodProducer

a gs1:Product a gs1:Product a gsl:0Organization
gsl:productName “Broiler® gsl.productName “Broiler Food® gsl.organizationName “Food producer A®

Figure 16: Scenario feeding implementation

The import and export of broilers are represented in the diagram below. An import or export is a
single event. The event is the point in time when the product reaches the destination organization.

(©) sroflermeat (© sroiker
a gsLiProduct a gslProduct
gslproductName “Broiler meat” gsLliproductName “Broiler”
epc epc epc epc
(€ exportingsroilerieat (©) mportingsroilereat (© exportingLivesroiler (© mportinglivesroiter
jectEvent gs1-epcis:Obje a gs1-epcis:Obje a gs1-epcis:Obje
05-02T09:00:00% *2020-05- BZTDE 00:00" znzn 05~ DZTﬂE 00:00" ZDZD 05~ BZTDE 00:00"
2020-11-09T08:00:00° 2020-T1-057030000" 2020-11-091090000" 2020-T1-057030000"
02 eoffset
6 eventiD 6 eventD ki eventid
izStep urn:epeglobalcby bizstep receiving bizstep urn:epcglobal cbv:bizstepireceiving bizstep epcglobalcbvbizstepr Bizsiep epcglobal:chybizstepr
T
ﬁnmiun \:mr(e ﬁmiun \suur(e des(ma(mn \ur(e %sunmmn &fe
Y
(© exporterofbroilerheat (© siaughterHouse (© mporterofsroilerMeat © [xunrlerD'l\chmMers (© sroilerfarm (© importerOfLiveBrolers
a gsLOrganization 2 gsTOrganization a g510rganization <LOrgan g1 Organizatio GsT0rganzatio
gs1 | s gs1 £ A ast “HatchingFirm A~ Gs1organizationame | HatehingFirm A" a1 s 1 A

Figure 17: Scenario import/export implementation

4.2 Retailer Scenario
We use these requirements:

1. Browse information

2. list of the Certification Bodies and Certification Schema owners that the supplier (producer,
processor) is working with.

3. able to perform a remote supplier verification using critical information like incidents,
inspection results, certificates, and lab tests

4. able to perform a supplier risk assessment in order to prioritise the audits and lab tests

Be able to access fully traced information

6. Be able to access information regarding findings of the inspection of suppliers in the food
chain

u

D2.1 | Data Models & Representations 34



@ TheFSM The Food Safety Market: An SME-powered industrial data platform

The Food Safety Market to boost the competitiveness of European food certification

7. Be able to access the current status of food supply actors, as far as audit results of certified
organizations are concerned
8. Have access to innovative tools

How we cover the above requirements:

1. Based on the FSM model we can browse organizations, products, product batches. These
organizations can be Retailers, Suppliers, Certification bodies, etc. We can query the
database for Events regarding these objects. The events can be transactions between
organizations, transformations of a product to a new product, certification grants, lab tests
etc.

2. Certification bodies can be listed by querying for objects of type fsm:CertificationBody.

3. We can query directly inspection results, certificates and lab tests relating to an
organization. This can be done wusing the event objects fsm:nspection,
fsm:CertificateGrant, fsm:LabTest, fsm:Audit respectively. The incidents are usually harder
to trace back. Based on the presumption that we have the full supply chain data we can
query the graph for all the events and parties involved with this product. The entry point
for such an analysis should be the fsm:Incident object.

4. This functionality should be extracted from the raw data within the FSM model. It should
be part of down-stream processing.

5. As per 3. we can fully trace a product batch through the supply chain as long as we have
the full data for it.

6. Thisis part of 3. browsing inspection results should give you access to view the information
within the system.

7. The current state should be logically aggregated based on historical event data. All the
data will be within the system and will be queryable. A question like: How long results of
Inspection/Audit are relevant after their release?

8. This should be part of another layer above the database.

4.3 Food Processor Scenario

Based on an overview of the responsibilities of 2 EU food authorities (Bulgarian Food Safety
Agency, Netherlands Food and Consumer Product Safety Authority) we have extracted their
obligations:

Animal Health - Keep animals healthy. Animal welfare. Animal products processing secure
Plant health - Plant diseases and prevent pests

e Food safety - Supervising the production, preparation, transport and sale of food products
and sale of tobacco products.

e Product safety - Safe personal care products, indoor and outdoor games, consumer
products in and around the house.

e Border inspections

The data we deem necessary for the FSM Platform are the:
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e Reports of inspections - they could include information about safety risks.*’
e News of new regulations* - In order to make this type of data queryable it would require
to add the concepts of geo locations. As such regulations are issued for specific countries.

Currently we decided to use only the reports of inspections. For example, inspections are part of
the Documents heading explained above.

4.4 Certification Body Scenario and Certification Body for Organic Wine

Production Scenario
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Figure 18: An example of the use cases involving certifications

The organization BroilerFarm has Halal certificate for broilers. The Broiler2 is a product batch for
broilers. Based on the hatching of the broiler and the time of its slaughter we can deduce whether
the certificate is relevant to this exact broiler batch. For the example we assume that the hatching
of the broiler is after the Halal certificate grant. We can see that the transportation of the broiler

4Thttps://english.nvwa.nl/news/news/2017/08/03/nvwa-website-publishes-codes-of-fipronil-contaminated-eqggs-
from-investigated-farms

“’https://english.nvwa.nl/news/news/2020/11/30/bird-flu-avian-influenza-now-as-well-in-belgium-and-poland-
mandatory-additional-cleansing--disinfection-transport-vehicles-in-the-netherlands
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@ TheFSM The Food Safety Market: An SME-powered industrial data platform

The Food Safety Market to boost the competitiveness of European food certification

to the slaughterhouse is prior to the expiration of the Halal certificate. Thus we infer that the
broiler batch is under halal certification.

4.5 Food Safety Authority Scenario

The food safety authority can be identified using the fsm:FoodSafetyAuthority. Events can be
associated with the authority. The currently supported events are of type Incident. They state that
an incident has been reported for a certain product batch or a company product. These events
fall in line with the Document scenarios explained in the FSM integrated model section
Documents.

The information for incidents and the reporter is searchable and can be traced back through the
supply chain to identify the companies involved in producing this batch of food.
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5 CONCLUSION AND NEXT STEPS

In this document we have presented how semantic enrichment is applied over partners data by
using public datasets and automation processes, how we have mapped tabular data to different
ontologies and standards during the conversion to RDF. The process of semantically enriching
food safety data is performed in an iterative manner.

The first iteration was performed by M12 of the project and involved creation of data inventory
with samples and datasets provided by partners, studying applications APIs that serve data,
analysis of public thesauri and ontologies in the food safety domain, as well as defining the initial
semantic model.

During the second year of the FSM project we proceeded with another iteration by processing
more data and transforming it into the semantic model. More standards were covered as well to
enhance interoperability through extensions of the semantic model.

*Data Inventory
*Analysis of existing
data and ontologies
+Data samples
provided by partners
*APls

15’[
lteration

« Search for additional

2I‘Id data sources
+ Additional data fram
. partners
Iteration Aple
+Users data

»Search for additional
data sources

Final « Additional data from
. partners
lteration < APls
*Users data

Figure 19: The agile process of data modelling

The final iteration will take place in year 3 of the project when we will transform the remaining
data types to the semantic model and enable their mapping to standard vocabularies.
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