Dloané&ESt

Progress towards Federatebtogistics through the Integration of TEN into
A Global TradeNetwork

D2.7 EGTN Transport Data and Knowledge
Models v1

Document Summary Information

Grant Agreement No

860274

Acronym

PLANET

Full Title

Progress towards Federatdabgistics through the Integration of TENinto A Global

TradeNetwork

Start Date

01/06/2020

Duration

36 months

Project URL

www.planetproject.eu

Deliverable D2.7 EGTN Transport Data and Knowledge Models v1

Work Package WP2

Contractual due date| 31 October 2021 Actual submission date | 29 October 2021
Nature Other Dissemination Level Public

Lead Beneficiary SIR

Responsible Author

Andrey Tagarev, SIR

Contributions from

Vladimir Alexiev, SIR

A4EEO DbOT EAAO EAO OAAAEOAA &O1 AET C A&OT I
programme uncer the Grant Agreement N@@60274

OEA


http://www.planetproject.eu/

D2.7 EGTN Transport Data and Knowledge Models v1

Revision history (including peer reviewing & quality control)

Version | Issue Date Comogolet o Changes Contributor(s)

v0.1 07/09/2020 | 5% Initial Deliverable Structure Stanislav Slavkov

v0.2 24/05/2021 | 10% Set on Inventory of Data Sets Andrey Tagarev

v0.3 15/06/2021 | 20% Subsection on Maritime Data Nick Kirov

v0.4 15/09/2021 | 60% CompleteData Inventory Section Andrey Tagarev

v0.5 30/09/2021 | 80% Subsection on EPCIS 2.0 Vladimir Alexiev

v0.8 10/10/2021 | 90% Harmonized Model and Conclusion | Andrey Tagarev

v0.9 25/10/2021 | 95% Peer Review JoséAndrés Giménez
Maldonado

v1.0 26/10/2021 | 100% Final edit Andrey Tagarev

Disclaimer

The content of the publication herein is the sole responsibility of the publishers and it does not nec
represent the views expressed by the European Commission or its services.

While the information contained in the documents is believed to be accurate, the authors(s) or any
participant in thePLANETonsortium make no warranty of any kind with regard to this material including
not limited to the implied warranties of merchantability and fitness for a particular purpose.

Neither thePLANETonsortium nor any of its members, their officers, empley or agents shall be responsi
or liable in negligence or otherwise howsoever in respect of any inaccuracy or omission herein.

Without derogating from the generality of the foregoing neither fleANETonsortium nor any of its membe
their officers,employees or agents shall be liable for any direct or indirect or consequential loss or d

pssarily

other
, but

ble

s,
amage

caused by or arising from any information advice or inaccuracy or omission herein.

Copyright message

© PLANETonsortium, 200-2023. This deliverable containariginal unpublished work except where cleafly

indicated otherwise. Acknowledgement of previously published material and of the work of others ha

$ been

made through appropriate citation, quotation or both. Reproduction is authorised provided the souyce is

acknowledged.

1AccordingttPLANE@ & v dzk f AGe ! aadz2NF yOS t N2OSaa

©PLANET2(0 Page |2




D2.7 EGTN Transport Data and Knowledge Models v1

Table of Contents
1 9ESOdzi A BS{ dzYYI NEXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX>

P2 1 0110 o [ T2 1T o T 4
2.1 Mapping PLANET OULPULS......ccttttitutiiiiseeeeeiiiiaa e e e e e e eeeeeesbseaseeeeeesbbs s e s e e e e e e eeemnn e e eeeeeenennes 7
2.2 Objective Of ThiS DelIVErabLe.........coooiiiieii e 8
2.3 Deliverable Overview and RepPOIt SITUCLULE. .........ccoviriiiiiiiiaee it e e e e e e e e e eeeenneaees 8
2.4 The Benefits of SEMantic Webh Data.........ccoviiiiiiiiee e 8
2.5  SemantiC Data INTEQratiQl..........ccoiiiiiiiiiiiiiaee ettt e e e et e e e et e e e e e s 9
2.6 Living Labs, Use Cases and Data NEEAS........ccoivviiiiii e eeen e e e et eeeeeeens 9

G T € 2N ) 7= T =1 o £ 11
I J O € 1S 3 M [ L= oL T=T £ I 1 S 12
G T2 €103 ] = 12
TG T =t = O FOTr= 0o [ O = 1Y/ 13
2 €15 31 R (0] = U1 21

4 Inventory Of REIEVANT DALA............uuuuuiiie et e ettt e e e e e et et e e e e e e e e eeesnanee 24
4.1  RaAIroad INfrASITUCIUIE Dalal.......ocvieniieiirieie ettt e et e et e et et aea et e et et e et seaseneetsesaenseneennas 24
4.2  ERAKNOWIEAGE Graphi.......cuuiiiiiieieeeiee ettt e e e e a b 24
4.3 01U [ (<] I F= 1 = 26
4.4  Timetable and Actual ItINErary Data...........coooiiiiiiiiiiee e 33
R VLV LT | T G DT | = N 35

5 Harmonized Seantic Models and ONtOlOgIES...........cvieiiiiiiiiieiie e eer e eeennn e AD
5.1 HIghHEVEl OVEIVIEW.......ccoiiiiie ettt e e et e e e e e nennn e eeee D
LA O T @] 1T 1= SR 46
LR T = - | I o= ot iSSP a7
L o 111 (=@ ] o] =T S S S a7
R T Y= 11 a1 @] o 1=t USSR PSPN 48

6 CoNCIUSION ANA NEXE SEEPS. . .ieiiiiiieiiiii et e e et e e e e e et e e e e e at s e e ana e e e eertaaeeeeened 49

A = =1 1= 4] 0 0= 50

F N A (o) R I D ST o (5] 11T £ 51

ANNEX [ GP S SlTUCTULE. . v ittt ettt e et et e e bt et s e e e eb e et eea e et s et eeas et seanaebeetseeneesannns 52

ANNEX L1 G L WEBVOG ... e e e e et e s e e et em e et e et e e e e eb e st e e et nnnaes 53

ANNEX |1 GSL SMAIT SEAKCI. ... it e e e e et e s e e e e s e e e s b e e s eraas 53

Y Lo T IS 3 A BT T = | T o] 54

F N 8 1) G B =Te] oL T Tor= VI AN (=] =12 £ 56

ANNEX |1 WED FUNCHONAITIES ... et ee e e e et e et e e s e e e n e eb e e b e e et e raneeens 58

Annex |: MarineTraffic AIS DAta APL........o..iieeii et e e e e e raeeans 67

List of Figures

Figure 1 GS1 Standards iN ACHON..........coiiiiii e e e e e e e e e e et e e e e e et e e e smneeeeartnaaaeenes 12
CAIdzNE HY {dzLlLX & OKL.AY..L.y.R.9.t./ L. L{EDAALNOALADRE. 14
Figure 3: EPCIS OrganiZatiQrl...........iiiiiiiiie i e et e e e e et s e e e e e e e e eeae e e e eennnanss 15
Figure 4: Conceptual data MOAEL.........oooiiiini e eeeees 18
Figure 5: EPCIS ontological MOGEL..........cooii e e e e e et e e eaas 18
o LU LT =t o O 1T 0 Lo Tox [ =T 1 19

©PLANET2(0 Page |3




D2.7 EGTN Transport Data and Knowledge Models v1

Figure 7: ObjectEvent, AQQregatioNEVEIL............i e e e e 19
Figure 8: QuantityElement, SOUrceOrDeStNALION. ..........coiiiiiiiiiiee e e 20
Figure 9: Sensor Data REPreSENTALION. ... . ...t et e et e e e e e e e e n e e e eeeennes 20
Figure 10: Standard Rail joUrNeY diagram............oiii it e e e e 22
FIQure 11: ERA VOCADUIAIY .......iiiieiieiiieeet ettt ettt e e et e e e e e e e aeennnnes 25
Figure 12: RINANd ERATV COMPATISON........ciiieiiiiiiiiiiitaeeeeeeeeettiiis e e e e e e e e e e e e e e e e e eeeestban s eeeesnnnnes 25
Figure 13: Query eXample fIQW..........oooiiiii e 26
Figue 14: Data sample Spire aviation SOIULIONS. ............uuuiuiiiii e 31
Figure 15: Field DescCriptive data Part.L..........oouuuuiieeeiiii et e e e e e 31
Figure 16: Field DeSCriptive data PAIT.2...........uuuuuui i eeeiiiii et e e e e e e e e 32
Figure 17: China Poland Route VISUAIIZATION. ...........ooeeiiiiiiie e 35
Figure 18: ONntology VISUAIIZATIQN............uuuiiiii e eeeiie ettt e e e et e e e e e e e eeennnnes 36
Figure 19: HiStogramPreCiPIAtiON...........uuuiuiuiiie e eeeiir ettt eee et a bbb e e e e e e e e mma e e e e e e eeees 39
Figure 20: TIMe SerieS OPONS .......ccivviriiiiiiiiireeeeiiiiiine e e eeeeeeeenssieeeeeeeeesssnsennnnneeeeessnnnnsnneeeeeeseeeeessnn 40
FIQUIe 21 ANNUAL CYCIES. ...t e ettt e e e e e e e et e et bbb e e e e ees 40
FIgure 22: PRCP @NOMAIES........uiiiiiii ettt e e e e e e e e e e e e et e e e e e e e et e e e e eatanaeaaeens 41
Figure 23: Precipitation ValENCIa............uuuii ettt e e e s e e e e et een e e e e e earaanas 41
Figure 24: Sample of historical weather data...............cooiiiiiiiee i e 43
Figure 25: Example thunderstorm atal............uiiiiiiiii e e e e e a4
Figure 26: Semantic object model example...........cooooiiiiiiii i 45
Figure 27: EPCIS ObJECt @XAMILE........ciiiiii et e e e e e e et ae e e e e e e earaanas 46
Figure 28: Rail 0bject eXampPle..........coi i e e rnn e eanin e eenn AT
1o UL RAe T L0101 (I @ o] [Tt PP a7
Figure 30: Weier ODJECT EXAMPIE........ it e e e e e e e e e s e e e e et e e e stan e eeeenes 48
Figure 31: RDF graph about SIR (Ontotext AD) generated with GS1 Web Markup.Toal..................... 54
FIgure 32: GSL LINK GEIMQ ... oo et e e e e et e e e e e aee e e et e e e e e raa e e eeeraanas 55
Figure33: SENSOr Data EXAMIE.......ccouuiii i e e e e e e e e e e e e et e e et e e e e ertaneaeeas 57
Figure 34: Sensor Data EXaMHIDEIT 2..........coiiiiiiii e e et e e e e e e e 58
Figure 35: Route SOFMAINABUIGAS.........cccciiiiiiii e iiieee e e e e et e e e e e e e e e ra e 58
Figure 36: EXcel eXample Of @RD0.........uuiiiiiie e e e e e nn e e 59
Figure 37: Visual representation of RINF data...........cccouiiiiiioe e 59
Figure 38: Visual representation of RINF data...........cooouiiiiiiiii e 60
Figure 39: Operational point in Bulgaria(freight terminals)............ccoooiiieii e, 61
Figure 40: ResuUlt from the SEarC...........oiiii e e e e et eeeeas 61
Figure 41: GET BorderPoints EXAmMPIE....... oo e e e e e e eeeenn 63

©PLANET2(0 Page |4




D2.7 EGTN Transport Data and Knowledge Models v1

Figure 42: GET ROULES frameXamMPIE........coii i e e e e e e e e e e eennnees 64

Figure 43: Get Routes LOCaliZe EXAMPLE.......ccoiiiiiiiiiiit e e e e 65

Figure 44: GET Sections Of LINE @XaMPLE........cooiiiiiiiii e eeeennnes 66

Figure 45: Get Dataset Import Dy 1D @XamPIE.........ooiiiiiiiiiieee it e e e 66

Figure 46: Output example XML fOMMAL..........cooiiiiiiiiiiieee e e e e e e e e eeerennees 67

Figure 47: Example call Nika Fortune Ship (IMO:8933095)........cciiiiiiiiiiiiie e 68

Figure 48: ETA 10 POIT @XamMPLE ... .ottt et eeennin e e eeeeeeeeesd 68
CA3Idz2NB nopY 9EFYLE S OLLL..E2NLGKS. AKALL.A{LARSNI.BXAE 01 2§
List of Tables

¢FofS MY ! RKSNByOS G2 t[!Db9¢Qa..D!L..5S{.AASNLLIL.ST ¢
Table 2: Mapping of TDS identiBeio WebVOC ClaSSES..........uviiiiiiiiiiiiii e eee e e e 51

Table 3: Seldomly USEd IdENTTIEES ... ... e e ne s 51

Glossary of terms and abbreviations used

Abbreviation / Term | Description

EGTN El;global T&L networks

KG Knowledge Graph

T&L Transport and Logistics

RDF Resource Description Framework

EPCIS Electronic Product Codeformation Service

RFID Radiefrequency ldentification

CcBvV Core Business Vocabulary

GPC Global Product Classification

MRO Maintenance, repair and overhaul

ILMD Instance/Lot master data

LOD Linked Open Data

SOSA Sensor, Observation, Sample, ahctuator Ontology

OTN Ontology of Transportation Systems

ERA European Agency of Railroads

RINF ow! Q3 wS3IAAGSNI 2F LY TN &l NHOG dzNB
©PLANET2®0 Page [5




D2.7 EGTN Transport Data and Knowledge Models v1

1. Executive Summary

This deliverablgresentghe work done towards developing a harmonized semantic model for a global transport
data knowledge graph to be delivered in the EGTN Connectivity Infrastructure. It consists primarily of an
inventory of relevant data types. For each data type of intertstre is an exploration of relevant ontologies

and analysis of likely data sources focusing on aspects such as data availability, accessibility, format consistency,
coverage, reusability and quality. Where relevant, there is a comparative analysisaiteiimative data sources,

a consideration of their respective advantages and shortcomings and a recommendation for which one would
be most useful to the EGTN Cloud Infrastructure as a whole and best meets the needs of identified partner
business cases.

The final section is related to the presentation of the initial version of the harmonized data model to be used in
the EGTN Connectivity Infrastructure. While it is fully expected that this model will be greatly expanded and
improved by the inclusion of adibnal data sources over time, it sets a groundwork for the minimum contents
expected to be available in the Connectivity knowledge graph.

The primary innovation achieved in this subtask lies in the development and expansion of this harmonized data
model. It defines the process of transforming individual partner and external data sources into a single
knowledge graph that enables exploration and analysis of the datdl devels of interest to the projecOnthe

micro levelit defines the representation® A Y RA @A RdzZl f RFGF LRAYGA oatiekOK | &
offloading of a container from a shi@nthe meso leveit enables the inferringnd storingof answers to specific

partner data need$or analysis, decisiomaking and visualization. @mmacro level itepresents global transport
corridors ina deeply enriched state that integrates a variety of informational aspédtst importantly, it
providesseamless queryingf data between theelevelsof abstraction
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2. Introduction

Thisdeliverable is part of task T2.2 EGTN loT and Connectivity Infrastructure Components. The objective of the
task is to identify, collect and integrate T&L data and models to be used in creating T&L services. The task will

and Knowledge

ontologies in the

Subsectiortt.5

identify, collect and curate suchanRSf & | RKSNAyYy 3 (2 GKS t Ne2SOGQa 511Gt
2.1Mapping PLANET Outputs
t dzN1J2asS 2F GKAa aSOUGA2y Aa G2 YIFLI t[!b9¢Qa DNIyd !
FYR ¢Fal RSAONRLIGAZ2YS 3l AyYai peifdBed LINE 2S00 Qa NBaLISOL
Tableld ! AEAOAT AA O1T 0,!. %480 '!' $AI EOAOAAI A
PLANETGA PLANETGAComponent Respective
Component Outline Document Justification
Title Chapter(s)
DELIVERABLE
D2.7EGTN Development of the Section 5 describes the details of the
Transport Data | strategic, meso and micrg Sectiors initial version of the harmonizedada
andKnowledge | transport models model for the intended contents of the
Models v1 Knowledge Graph.
Key transport routes and Subsection 4.3 describes our approach
D2.7EGTN corridors addressed by thi , to representing transportation routes.
. Subsections : :
Transport Data | Project Subsection 4.4 extends that with the
4.1,4.2,4.3and .
and Knowledge 44 reflection of metadata about route
Models v1 ' segment including timetables. 4.1 and
4.2 deal withrail data specifically.
D2.7EGTN Incorporationof global Section 3 covers the details of the GS1
Transport Data | standards and major Section3 and standards andpecificallfEPCIS used by

loT sensorsSubsectiorst.5details

Transport Data

standards and major

Models v1 modelling weather model and data.
TASKS
ST2.2.3 EGTN | Incorporation of global

Chapter 3outlines the GS1 set of

and Knowledge | ontologies in the Section3 standards and particularly the relevant
Models as a modelling parts of the EPCIS subset
Service
ST2.2.3 EGTN | Strategic, meso and micr¢ Chapter4 is the inventory or relevant
Transport Data | transport models that datasets covering sources of data on
and Knowledge | correspond to key Sectio4 transport routes, timetables, live
Models as a transport routes and tracking and relevant metadata suals
Service corridors weather.
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ST2.2.3 EGTN | Single datesharing Section 5 describes the initial version ¢
Transport Data | intelligencespace in the the harmonized data model which

and Knowledge | Cloud Section 5 controls data access to the Knowledge
Models as a Graph through the GraphQL API
Service endpoint

2.20bjective of This Deliverable

The deliverable is an outcome of subtask ST2.2.3 EGTN Transport B#&acviedge Models as a Service. The
purpose of the task is to develop strategic, meso and micro transport models that correspond to key transport
routes and corridors addressed by the Project, provided as a singlestatiang intelligence space in theoGd

("data as a service").

This deliverable covers the semantic models for describing T&L data, whereas deliverable 2.5 focuses on
describing "data as a service" aspects such as processing, storage, reasoning, querying and APIs. The two are very
closely ted together as the data analysis and model definition considered here are then implemented in the
services and for the needs of the users of the EGTN Connectivity Infrastructure.

This is an evolving document that will be elaborated in two increments. if\al wersion supplied at M17 and a
final version supplied at M30.

2.3Deliverable Overview and Report Structure

This deliverable covers in detail the work doneexamining and utilizing widelysed standardsanalyzing and
selecting data sources and combigiand extending existing ontologies into a single harmonized data model.

Section 3 explores the GS1 sets of standards focusing on the EPCIS subset witagpetdit paid to

the recent extension EPCIS 2.0 for the support of 10T sensors

Section 4 i@n inventory of explored data types covering route and infrastructure for rail, air, sea and
vehicle transportIn addition, it covers weather and live tracking data sources.

Section 5 presents the first version of the harmonized data model that combiresxamined standards
and ontologies.

Section 6 summarizes the report and looks towards the next steps to expanding the data model

2.4The Benefits of Semantic Web Data

The Semantic Web data model (RDF) is a simple graph data model that can be used withuirsgfiema. This
makes it very flexible and easy to use in cresterprise data integration scenarios. In particular, it makes the
extension and iterative improvements of the collected data with new datasets very straightforward.

RDF can cover all levekinterest to the project. From the micro level of representing individual sensor readings
and EPCIS events through the meso level of inferring and storing average time to offload a ship at a given port to
the macro level of representing global transpadute connections. More importantly, there is seamless
integration to querying data between the levels to, for example, locate all sensors currently traveling along a
given route that covers thousands of kilometers.

Semantic Web Data also identifies eamhject with a unique URI which allows making various connections
between heterogeneous datasets and publishing information in-wative formats.

©PLANET2(0 Page |8
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2.5Semantic Data Integration

Semantic data integration is the process of creating a single harmonized data tinatddéscribes the desired
shape of the knowledge graph and defining processes for transforming heterogeneous source datasets into the
desired format.

To break the above down into steps, first comes the task of data modeling. Based on the understatiéng of
business needs of the use cases, we determine the required contents of the knowledge graph and model them
in a way that would make querying and analysis as straightforward as possible. This model can be formalized as
diagrams, RDF examples or in otleys. It is then used as a reference and target for the next steps.

The second step is dataset identification and analysis. Based on the analysis of the use case needs and defined
model, we know the kinds of data we are looking for and this is the stedbatifies all possible sources and

then subjects them to rigorous analys&cessibility, quality, coverage, stability, update speed and so on. The
goal is to select the minimal set of sources that can cover all use case needs and fill out the rfioeélid¢he

previous step. The section on the inventory of relevant data that makes up the bulk of this deliverable is focused
on this task.

Once an initial list of datasets is identified, the next step is to define the process for transformation. Further
details on the semantic integration pipeline services are available in D2.5 but it is important to note that the
specific transformation procedure is different and unique for each dataset. The differences can vary from
transforming two nearly identical egables where one just has a few extra columns (that get mapped to the
model) to extracting meaning and information from documents of free text or structured databases. The effect
is that whatever form the initial dataset had, the output is data confogrim the harmonized model of the KG

we are building.

Finally comes the step of data fusion. This requires at least two different datasets already ingested into the graph
and can be thought of as the process of connecting the disparate pieces into aksiogledge graph. In rare

cases this is very straightforward as both datasets have entities with shared identifiers but is typically more
complex. It can be reconciliation such as where both datasets contain mentions of people but names are not
unique identfiers so we need to be careful about what connections we build and what identifiers we actually
give to them. It can be semantic enrichment and entity linking such as when we identify the gps coordinates of
a sensor as the location of a specific warehoasd thus a node on our global transport route. There are other
forms it can take as well but fundamentally in each case we are building connections between datasets.

As should be clear from the description, semantic data integration is an iterative prdesstart with a minimal
version of the model, identify data sets that meet our needs to fill the graph with such knowledge, collect further
requirements from users and extend the model with objects and connections that support the new
requirements.

2.6Living Labs, Use Cases and Data Needs

Each standard, ontology and data seialyzedand described within this deliverable was a potential solution to
the data needs of a use case defined in conjunction with a PLANET Living Lab partner. To go over whege each on
is applicable:

The GS1 standards with a focus on EPCIS are a requirement for all tracking and tracing solutions in global
transport and specifically for working with sensor readings supplied by the EGTN IoT Infrastructure. At minimum,
sensors providingeadings will be deployed on trucks traveling from ValencithéoSpanish hinterlandand
containers shipped by train from China to Poland.

Global weather data is also applicable in a global transport setting. Historical data is of particular interest as
training input to the predictive analytics and optimization solutions. Current and forecast data is equally
important once these analytics maces are deployed and applied to make real decisions. Similarly, severe
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weather alerts and forecasts are important support for decisiwsking by route planners using the HMI
interface.

The railroad route and timetable dataset was developed in conjunctith RSUUS as part of the use case on
train transport from China to Poland. The dataset is actually based on their historical records and feedback from
their local shipping agents.

The European Railway Agency datasets are relevant not only for traspweation throughout the European
Union but also as a valuable simulation tool in the Clitodand use case. Since no public data exists for
locomotive and train compositions in several countries along that route, we can simulate compositions along
thoseroute segments by approximately similar engines used in Europe.

Marine traffic is of interest for goods arriving at Port of Valencia as part of Living Lab 1. There are also plans to
include maritime data in the generic use case simulation.

Air freight was recently added as a requirement based on the changed delivery model by Polish Post. It was
confirmed that they are now shipping goods from China exclusively by air so there is a need to understand and
support that mode of transportation as well

©PLANET2(0 Page [10




D2.7 EGTN Transport Data and Knowledge Models v1

3. GS1 Standards

GS1is the global standardetting organization for logistics, commerce and supply chain. It:

Standardizes the issuance of various identifiers (for products and goods, palettes and containers,
locations and organizations, etc)

Organizes the allocation of identifiers (barcodes and RFIDs)

Defines product classifications

Creates data models for events in supply chains, and for describing products

GS1 standards cover the following areas:

Identify
Capture
Share
They are of interest to us as the global standard for T&L tasks and specifically because the ER@IE siib

standard are used to track shipments and describe sensor readings as supplied by the EGTN loT Infrastructure
from sensors deployed by prigjt partners.

The following materials provide useful introductions to GS1 standards:

TheGS1 Glossadefines important terms and concepts in GS1 standards and data schemas
The GS1 Discovery Adp an interactive web application that highlights the use of GS1 standards in

various supply chains and situations. For example, the figure below shows information about applicable
standards to e supply chain operatiorFtesh foods> Wholesaler/distributor> Order fulfilmént

©PLANET2(0 Page [11
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Figurel GS1 Standards in action

The GS1 Architecturdefines the general architecture of the data domains covered by GS1 standards

3.1GS1 Identifiers: TDS

The Tag Data Standard (GS1 TDS, current release 1.13 of Nov 2019) defines vatrianis Piexiuct Code (EPC)
identifiers, including the structure of barcodes and the memory contents of Gen 2 RFID Tags. It covers a large
variety of identifiers and defines the format of each one.

GS1 identifier allocation is delegated to:

GS1 national omnizations, and further to:

Client companies through a "company prefix". Each company can freely allocate identifiers within its
prefixes. TDS identifiers have fixed widthyt are split into variabléength fields. Usually bigger
companies get a shortergfix, so they can allocate more identifiers within that prefix.

This is similar to the organization of the Domain Name System:

IANA decides on the Tdgevel Domains (TLD) such as .com, .eu, .info, .biz and country domains such as
.bg, .uk, etc

Managemenbf TLDs is delegated to domain registrars

After a company obtains a domain (eg ontotext.com), it is free to allocate host names within that domain
(egwww.ontotext.com graphdb.ontotext.complatform.ontotext.com

CheckAnnex I:TDS Identifierfor more information on the types of TDS identifiers and their mappings to GS1
WebVoc.

TDS covers all kinds of objects that participate in a logistics supply chain:

Individualobjects, such as:
o Physical and electronic individual goods or services
Coupons and business documents
Containers, palettes and other returnable assets
Railroad cars, marine vessels
Shipments and consignments
o0 Sensors and other assets
Classes of goods andrgiees (GTIN)
Lots or batches of goods
Organizations that produce, ship, store and transport goods

Places ranging from ports to individual ship berths, gates, company headquarters to warehouses, loading
docs to individual doors, and even GPS locations

(0]
(0]
(0]
(0]

3.2GSIGPC

The GSZI:lobal Product Classificati¢@GPC) is a system that gives both sides of trading partner relationship a
common language for grouping products in the same way. It ensures that products are classified correctly and
dzy AF2NXfE &3 SOSNEGKSNE Ay (KS ¢ 2thhis guibe refécsSmainlptdlphysicadl INE R c
products; however GPC is expanding into services as well.

The business objectives of GPC are to:

Support buying programs by allowing buyers to-petect groups of applicable products
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Provide a common language fortegory management, thus speeding up reaction to consumer needs
Be a key enabler of the Global Data Synchronisation Network
To be a Pivotal classification system between the information exchange parties

The GPC Schema Principles include:

The GPGchema provides an optional fotier hierarchy; segment, family, class and brick (GPC bricks
may be used independently without the hierarchy). The hierarchy should be easy to understand/follow
and balanced in order to facilitate search.

Each level of thechema is determined by rules and/or principles, and also industry decision. However,
the rules applied differ depending on the hierarchy level.

The business rules apply to all levels or entities of the schema.

Each brick may be assigned one or more attels; in turn each brick attribute has a set of associated
mutually-exclusive brick attribute values.

Resources:

Homepagehttps://www.gs1.org/standards/gpc
Standardhttps://www.gs1.org/sites/default/files/gpc_development and_implementation_1.pdf
Browser:https://www.gs1.org/gpc/browser/

Details on theGPC structurare available ilinnexl: GPSStructure

To learn more about other potentially useful aspects of the GS1 standard, check:
GS1 WebVoc iAnnexl: GS1 WebVoc
GS1 Smart SearchAmnex I'GS1 Bart Search
GS1 Digital Link #innex 1'GS1 Digital Link

3.3EPCIS and CBV

EPCIS and CRYe complementary specifications that enable trading partners to share information about the
physical movement and status of products as they travel throughout the supply@fraim busiress to business
YR dzf GAYF{iSte G2 O2yadzYSNA® ¢KSe KSfLI FyagSNI (KS
and regulatory demands for accurate and detailed product information.

EPCIS defines supply chain events, enabling disparate appigaticreate and share visibility event

data, both within and across enterprises
CBYV provides definitions of data values to be used to populate the data structures defined in EPCIS

EPCIl&nd Core Business Vocabulary Implementation Guidgliogides an introduction to these standards and
how to implement them
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= =

Manufacturer Retailer DC Retail Store
Ship Rcv

Door Door
I Back : Front

EPCIS Visibility Data =

Figure23 OBPPI U AEAET AT A %0o#) 3060EOEAEI EOUSG
Figure 4 illustrates a simple supply chain and the ER{SIBility" events generated along the way:

1. The goods are manufactured and a product is packaged into cases which are in turn packed onto pallets.
¢KS LINPRdzOG& FNB &AKALILWSR o6& GNHzO01 FTNRBY (GKS YI ydz
¢KS LINRRdzOGa FNNAGS 0 GKS NBUFAESNRAa RAadNROdzl .
¢ KS LINPRdzOG& I NB & KA LILBhRenffeN@trvck o khE rethilStdre. A £ SNDa RA .
The products arrive at the retail store and are received into the stockroom.

The products are moved from the stockroom ("back office") to the sales floor ("front office").

N o g~ Db

In the retail store the product will be sotd the consumer.
3.3.1 EPCIS 1.2

The current version of the EPCIS standaieHE|S 138 pages, 20169-29). A new version is upcoming, see
below. The E@IS specification is organised in 3 layers:

©PLANET2@0 Page [14



https://www.gs1.org/sites/default/files/docs/epc/EPCIS-Standard-1.2-r-2016-09-29.pdf

D2.7 EGTN Transport Data and Knowledge Models v1

Capture Query Query
Core Core Interface Control ICf"rt;aCk
Capture Query Msg Q Interface nHeTTase
Operations | |Operations (sect.10.1) SOAP (sect. 11.4.2)
(sect. 8.1) | | (sect. 8.2) (sect. 11.2)
Service Capture Query ‘ ooy
 avar Interface Control lﬂlﬁzl.e?'_lé_’fzfs Captire Query Callback
V! Interface Ifitorface Coritrol Interface
Query HTTP Interface il
Ca”baCk (sect. 1143)
pEPy (sect.10.2) AS2
(sect. 11.3)
Query
Callback
= Interface
J AS2
X (sect. 11.4.4)
' depends on Core Query
i XSD
: (sect.11.1)
i E depends on
v , v
Core Event Core Event
_ Data Types implement XSD
Jefinition (sect. 7.2) b Sieieitiabinednbds (sect. 8)
Layer
. ‘\\ - - e
| depends on Bindings
v ) *populates
EPCIS N
Abstract Abstract ~y{ GS1 Core
Data Data Model Business
Model (sect. 6) Vocabulary
Layer Standard

Figure3: EPCIS organization

XML schemaepcis 1 2 schema0160929

TODOIncludes EPCglobapcisquery-1_2.wsdl. TODO: will we get Kafka messages according to this
WSDL, and how to handle them?
In other words, do we need to deal with the Service layer, or only the two Data layers?

Profiles
EPCIS for Rail Vehicle Visibility
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EPCIS for Fighting lllicit@ie

Case Studies:

How EPCIS enables product visibility from source to shelves

How EPCIS is improving the safety of healthcare supply chains

Messaging Document: EPEI8proving traceability, security, arrégulatory compliance
Case Study: GS1 application standard for visibility in rail

EPCIS: Enabling visibility with real time information on supply chain events

3.3.2 CBV 1.2

The Core (or Comprehensive) Business Vocabulary (CBV) specifiesotheosabularies and vocabulary values
for all elements to be used in EPCIS standard. The latest version is release 1.2.2 of Oct 2017 (a new release 2.0 is
upcoming shortly).

CBYV covers the following vocabularies:

All kinds of GS1 identifiers (see sectiddS above) and in which fields they are used, e.g. readPoint and
bizLocation should be SGLN (place), whereas "source" and "destination" can be SGLN or PGLN
(organization)

Logistics business vocabularies: BizStep, Disp (disposition), BTT (Businessdrrdngemti ErrorReason,

SDT (source or destination type)

3.3.3 EPCIS 2.0 and CBV 2.0

EPCIS and CBV 2.0 are a major update of the 1.2 versions that include the following important features (amongst
others):

Add JSON, JSONLD and RDF (linked data) renditionstioratiddine existing XML rendition

Add a section on EPCIS Semantics to clarify the meaning of various identifiers and constructs, and what
extra semantic data can be attached to such identifiers. Eg PGLN corresponds to a semantic URL of type
gsl:Organizatioand can have all properties relevant to that class.

Promote the use of HTTPS URLSs by using GS1 Digital Link instead of or in addition to the existing URIs
Improve the XML schema and add JSON sclamd&DF SHACL shapes.

Add Sensor data including measurements and alerts.

Add PersistentDispositions that are multivalued and are set/unset explicitly, rather than with each new
event.

Add CertificationInfo of certificates relevant to an EPCIS event.

EPCIS 2.0 is very important for the needs of PLANET because it focuses on expanding the standard to support 0T
devices and sensors much more fully. The EGTN loT Infrastructure will lean heavily on it as will all future
communication involving mobile sensocand reatime trackingin transportation and logisticfl] .
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https://www.gs1.org/docs/epc/FightingIllicitTradeEPCIS_Application_Standard.pdf
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Figured shows the conceptual data model of EPCIS 2.0:
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Figure4: Conceptual data model

The EPCIS ontological model is very similar, but uses RDF properties instead dfedohpdenes, and specific classes for each property:
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Let's zoom and look at the diagram section by section:

On top is EPCISDocument that has a Body that carries a number of Events. There are 5 concrete event
subtypes (Object, Aggregation, Association, Transaction, Transformation) and each may have an
ErrorDeclaration that may optionally point to correctiveEvents.

Each property is shown with its target: range class(es) or datatype; and cardinality

Each node (class) has an "extension point" where any custom properties can be present

epcis:EPCISDocument
id” URI or biank node (optional)
rdf:type epcis:EPCISDocument
dcterms:created xsd:dateTime
owl:versioninfo - xsd:string ["2.0"]
epcis:epcisBody a epcis:EPCISDocumentBody
Ll
1 epcis:epcisBody
A4
epcis:EPCISDocumentBody
rdfitype : epcis:EPCISDocumentBody
epcis:eventlist : epcis:EPCISEvent [1..%]
v
1.% 1 epcis:eventList
\'4
epcis:EPCISEvent
"eventiD" <ni// .> (optional)
rdfitype epcis:EPCISEvent epcis:errorDeclaration [0..1] . <
epcis:eventTime xsd:dateTimeStamp LT LB epcis:ErrorDeclaration
epcis:eventTimeZoneOffset xsd:string rdftype : epcis:ErrorDeclaration
epcirecor dTime " xsd:dateTimeStamp [0..1] " iveEventiDs [0.* epcis:declarationTime : xsd:dateTimeStamp
epcis:errorDeclaration epcis:ErrorDeclaration [0..1] k- epcisicorrectiveEventiDs [0.."]| epcis:reason . cbv:ER [0.1]
epcis:certification gs1:CertificationDetails [0..*] epcis:correctiveEventiDs : epcis:EPCISEvent [0..%]
<<extension point>> <<extension point>>

&% 2 & &

Figure6: EPCISDocument

The concrete event classes have a number of common properties (eg action, bizStep, disposition) and a
few specific properties (eg AggregationEvent has ParentID). Only two event classes are shown here, the
rest are similar.

epcis:readPoint
epcis:bizLocation
epcis:bizlransactionList
epcis:quantitylist
epcis:sourcelist
epcis:destinationList

epcis:sensorElementList

<<extension point>>

gsl:Place [0..1]

gs1:Place[0.1]
epcis:BizTransaction [0..*]
epcis:QuantityElement [0..*
peis:SourceOrDestination [0..%]
epcis:SourceOrDestination [0..%]
epcis:SensorElement [0..%]

epcis:persistentDisposition
epcis:readPoint
epcis:bizLocation
epcis:bizTransactionList
apcis:xchildQuantityList
epcis:sourcelist
epcis:destinationList
epcis:sensorElementlist

<<extension point>>

epcis:ObjectEvent epcis:AggregationEvent
rdf:type epcis:ObjectEvent rdf:itype epcis:AggregationEvent
epcis:epclist gs1:IndividualObject [0..*] epcis:parentiD gsl:ndividualObject
epcis:action xsd:string ("ADD" "OBSERVE" "DELETE") epcis:childEPCs gs l:IndividualObject [0.*]
epcis:bizStep cbv:BizStep [0..1] epcis:action xsd:string ("ADD" "OBSERVE" "DELETE")
epcis:disposition cbv:Disp [0..1] epcis:bizStep cbv:BizStep [0..1]
epcis:persistentDisposition epcis:PersistentDisposition [0..1] epcis:disposition cbv:Disp [0.1]

epcis:PersistentDisposition [0..1]
gs1:Place[0.1]

gs1:Place[0.1]
epcis:BizTransaction [0.*]
epcisQuantityElement [0.]
epcis:SourceOrDestination [0..*]
epcis:SourceOrDestination [0..*]
epcis:SensorElement [0.%]

©PLANET2®0
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Bold are mandatory properties, and colored are structured property values that are depicted below and
to the right (2 of the 4 are shown):
A4 Av4
epcis:QuantityElement

epcis:SourceOrDestination
: URI or blank node (optional)

: epcis:QuantityElement id”
: gs1:Product, gs1:ProductBatch
: xsd:double

: xsdstring [0..1] (UNECE Rec20 UoM list)

rdfitype
epcis:epcClass
epcis:quantity
epcis:uom

: epcis:SourceOrDestination
: cbv:SDT
: gs1:Place, gs1:Organization

rdf:type
epcis:sourceOrDestinationType

epcis:souceOrDestination

Figure8: QuantityElement, urceOrDestination

Sensor data is represented by 3 classes: SensorMetadata is a single header that can carry common values
(eg "time" of a number of reports taken at the same time) and SensorReport is a multiple list of
measurements (readings):

[ s T e e ] .
msorElementList epcis:SensorElement [0.*] . epcis:SensorMetadata
v % n
<<extension point>> : rdftype : epcis:SensorMetadata
. - . . . ! epcis:time : xsd:dateTimeStamp [0..1]
. X A . s 1 epcis:startTime : xsd:dateTimeStamp [0..1]
1 ' ' ' ' : epcis:endlime : xsd:dateTimeStamp [0.1]
Pon LS i TR e Fem=m=- S ’ epcis:devicelD : URI[0.1] (no defined class)
: 3 3 3 epcis:deviceMetadata : URI[0..1] {no defined class)
: : 2 : epcis:rawData + URI[0..1] (no defined class}
""}"""'}"""T""'": Fummmmmmmmmmmnn =3 epcis:dataProcessingMethod : URI [0..1] (no defined class)
' ' . ' . epcis:bizRules : URI[0.1] (no defined class)
: 5 > s : <<extension point>>
| ] | J . | |
L}
P : : : —
' 1 ' ' H epcis:SensorReport
] ] ] M
Lt EELL LY ELLE L - : rdf:type : epcis:SensorReport
: ] = ' epcis:time : xsd:datelimeStamp [0..1]
2 s . . epcis:devicelD : URI[0.1] (no defined class)
' 1 ' : epcis:deviceMetadata : URI[0..1] (no defined class)
eesdesannnd ' ! epcis:rawData : URI[0.1] (no defined class)
: : 5 epcis:dataProcessingMethod : URI[0.1] (no defined class)
] : ' epcis:measurementType : gsl:MeasurementType [0.1]
" H i epcis:exception : gsl:SensorAlertType [0.1]
e . : epcis:microorganism : URI[0.1] (no defined class)
' . epcis:chemicalSubstance : URI[0.1] (no defined class)
: : epcis:value : xsd:double [0.1]
: ' epcis:component : covComp
: . epcis:coordinateReferenceSystem  : URI[0.1] (no defined class)
' . epcis:stringValue : xsd:string [0.1]
' : epcis:booleanValue : xsd:boolean [0..1]
- : epcis:hexBinaryValue : xsd:hexBinary [0.1]
: ' epcis:uriValue : URI[0.1] (no defined class)
- - epcis:minValue : xsd:double [0.1]
' 1 epcis:maxValue : xsd:double [0.1]
' ! epcis:meanValue : xsd:double [0.1]
: 2 epcis:sDev : xsd:double [0.1]
AV ' epcis:percRank : xsd:double [0.1]
M ;
is:SensorEl t H epcis.percValue : xsd:double [0..1]
e i oo por g epcis:uom : xsd:string [0..1] (UNECE Rec20 UoM list)
rdf:type : epcis:SensorElement <<extension point>>

epcis:sensorMetadata : epcis:SensorMetadata [0..1]
epcis:sensorReport : epcis:SensorReport [1..%]

<<extension point>>

Finally, there igisl:CertificationDetailthat is not yet shown in the diagram but can be attached to an

A

LI L T T T T T

Figure9: Sensor Data Representation

event and some of its constituents (goods, containers, places, organizations)
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CBV 2.0:

Defines HTTPS URLs that are sameAs (equivalent to) the older URips#ns.gs1.org/cbv/BTHol
owl:sameAaurn:epcglobal:cbv:btt:bo{both mean Bill of Lading)

Defines a few more vocabularies, eg Comp (component of a vector measurement such as Latitude,
Longitude of angular geo position)

Note: some othe vocabularies used by EPCIS 2 and judged to have general applicability are defined in
GS1 Vac, eg gsl:MeasurementType, gsl:SensorAlertType

SIR has contributed actively to EPCIS and CBV 2.0 since Mar 2021. The new versions will be released to
Community Review very soon, and a final release is expected before the end of 2021.

The development of these new versions happens on Githttbs(//github.com/gsl/EPC)Sand in extensive
weekly calls. Thadditional technical artefacts are available (counts as per 12 Oct 202R8nnex |: Technical
Artefacts

SIR has made significant contributions to EPCIS 2.0:

96 issuesand pull requests (89 byuthor:ViadimirAlexieand 7 byauthor:mkotoff)

The EPCIS Semantics docutnen

Mappings of EPC/TDS identifiers to GS1 classes, and additions to GS1 class hierarchy

Significant improvements to ontology and RDF shapes

Specific proposals fars1CertificationDetailandgsl:MeasurementType

Devising metgroperties to enable the generation of "dual" documentation of the JSON model and RDF
(ontological) model

Best pactices about publishing ontologies, semantic resolution, etc

3.4GS1 for Rail

GS1 has published a collection of standards that describe the application of EPCIS to the description of all aspects
of rail standard2] . This includes identifying various types of vehicles as well as individual vehicles, describing
the physical infrastructure (all the way from a train composition to the individual components that upatke

physical railroad), automatic RFID tracking of shipment and many more applications.

In this section we describe the results of our analysis of the available standards. Specifically, we have identified
the aspects of the standard that could be otue project partners and are actually available in existing datasets

so could potentially be incorporated into the EGTN KG. Below is a summary of the relevant parts of the GS1 EPCIS
for Rail standards:

The following GS1 terms are used for rail:

3 Global Loation Number with optional extension (SGLN), used to identify a train station or
specific point on the rail infrastructure. Here is the the general syntax:
urn:epc:id:sgin:CompanyPrefix.LocationReference.Extension

3 Global Individual Assédentifier (GIAI) used to identify an Individual Asset such as an engine or
rail car. Syntaxurn:epc:id:giai:CompanyPrefix. AssetNumber

Identifying vehicles/wagons
First we have master GlAls that identify each rail vehicle as an asset. This master k&y shou
help us to get information about vehicle type, the axle count, the vehicle owner, etc.

©PLANET2(0 Page |21



https://ns.gs1.org/cbv/BTT-bol
https://github.com/gs1/EPCIS
https://github.com/gs1/EPCIS/issues?q=author%3AVladimirAlexiev
https://github.com/gs1/EPCIS/issues?q=author%3Amkotoff
https://milecastle.media/dev2021/voc_epcis_extras/CertificationDetails
https://milecastle.media/dev2021/voc_epcis_extras/MeasurementType

D2.7 EGTN Transport Data and Knowledge Models v1

Multiple EPC/RFID tags should be placed on the vehicles, so we can identify the side or end of
the wagons. We may have cases where some of the wagons are not tagg)éteg will not
appear in the epclList.

Location identification:

" Readpointd LISOAFTAO LI I OS 4KSNB 9t/ L{ S@Syid KI LWLISY

event should give us information about geographical location (geo coordinates), line name or
ID
Business locationlocation where the rail vehicle is assumed to be following the event, until a
new event takes place that indicates otherwise. Place can be track section, station, shunting
yard, or specific shunting yard location.

Train direction is dermined by values in the range betweet20meaning:
0 = indicates that the direction was not detected
1 = indicates one direction in the rail network
2 = indicates the opposite direction in the rail network

Besides these indicators, the data may optidynabntain compass directions (N, S, W, E, NW, NE, SE,

SW)

Rail vehicle orientation can be determined by combining the information about the observed tag and

the train direction

EPCIS event data for rail have two event types and actions:

" ObjectEvent (acvn OBSERVE)bservation of a uniquely identified rail vehicle in passage

along its journey, or upon its arrival at or departure from a terminus
TransactionEvent (action ADDJ dzY Y NB S@Sy il F2ftt26Ay3
trailing vehicle
Standard Rail journey diagram:

GKS 204

Train crosses
> international
boarder
e OPM.M' Train is formed Train departs AL ses Train passes Train arrives at
plans frain in depot » depot " public ” read point station
service L PO infrastructure P
‘A F 3 F 3 r 3 F 3
[
Rail Vehicle
Events
 Osewe | | i Passage
[NOTES:
« Blue process steps represent generalised
process steps relevant to a train journey.
* Red process steps are recommended EPCIS R v L
events.
Train leaves

Train departs
station

A 4

infrastructure

Figure1Q Standard Rail journey diagram

©PLANET2(0 Page |22




D2.7 EGTN Transport Data and Knowledge Models v1

This data also contains four dimensions: what,where, when and why.

" What-indicates the objects to which the EPCIS event pertains. Each observed rail vehicle
should be captured in a separate ObjectEvent. The epcList element should contain only the
master GIAI of the observed vehicle
Where- should give us information about where EPCIS event happened eg. read point and/or
business locations

3 When-show us theitme when the event has been created and recorded. Note: There is a
difference between when an event is created and when is recorded. Example:
<eventTime>20140-18T12:00:22.000+02:00</eventTime> <recordTime>2004
18T12:01:00.000+02:00</recordTime>
Why-NEFt SOGa GKS o0dzaAySaa O2ydS

M-

i 66.daAAYSaa |
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4. Inventory of Relevant Data

This section describes all relevant standards, ontologies and datasets that have been positively identified as
requirements fodiving lab use cases.

4.1Railroad Infrastructure Data
4.1.1 RINF (Registers of Infrastructure)
wLbC WaLISOAFTAOIGAZYa O2yOSNY RFGF Fo2dzi GRS F2ff 247
the infrastructure subsystem,

the energy subsystem,
the trackside contrecommand andignalingsubsystem.

41.1.1 Feature of the RINF

Wh LIS NI G A 2mé4ans any I&atighifoRtrain service operations, where train services may begin

FYR SYR 2NJ OKFy3aS NRdziS> FYyR ¢6KSNB LI &daSyaSNI 2NJ
means also any location at boundaries between Menfbiates or infrastructure managers;

W{SOUA2Y 2F fAYySQ o6{2[0 YSlIya GKS LINI 2F tAyS
several tracks;

Wwdzy yAy3a GNIFO1Q YSIFya Fye GNF O]l dzaSR F2NJ NI Ay
W{ARAY3IQ YSI ya opergtidnalipdidt, ®Hich i dotiugedl ffr opersational routing of a

train.

W[ 20FGA2y LRAYGQ o0[t0v A& F ALISOATAO LRAYG 2y
parameter changes. The use of LP is non mandatory.

Details on the web functiories of the RINF, checknnex |Web Functionalities

4.2ERA Knowledge Graph

Achieves semantic interoperability between RINF and ERATV databases and enabtetRUs towards
better data quality.

Hosted both on GDB and Virtuoso (from EC Data Platform)
GDB Endpointittp://era.ilabt.imec.be/

Currently there are 13,896,018 triples.
Supports era:OperationalPoint, efaack and era:VehicleType

PREFIXra: <http: >

select ?point where
?point a era:OperationalPoi
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ERA Vocabulary:
http://era.ilabt.imec.be/eravocabulary
(Curently some links generate an error)

Figure11ERA vocabulary

Example:

E.g., can we safely compare CTD_DetectionSystem and train_detection_system?

track_id name country CTD_DetectionSystem vahicle_|d name train_detection_system
‘ Track 32 ' France v track ciroud Train x sxle couners
Track 56 ‘ Soain axde counters 2 Train y track circuit
Track S8 ' Belgum track circut Train k loop
Track &3 ‘ UK track cirout | Train | track aircult
Track 12 ' Graece loops £ Team | anlo counters
Track 37 . Swoden . axie counters (i Train m loop

1

Figure12 RINF and ERATV comparison

hy GKS tSFd aARS AGQa wLbC | yR 2y irds witled ERATM A RS A (
about the trains but both use related concepts such as the detection system. So how to query them ?
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ERATV @ ® o
< 1 s What are all the
A ' = Tracks compatible

oy
(0‘- L ® ® ° with Vehicle X?
IS &

. - @+ *

RDF mapping
RINF Knowliedge Graph

Figure13 Query example flow

4.3Route Data
4.3.1 Railroad

The ERA registers also contain detailed information on theTrea routes throughout the European Union but
does not extend outside member states. Still, this can be an impodauntce for extending coverage or rail
route information throughout the Eltb support future partner data needs.

4.3.1.1 Route Compatibility Check
The application works on the ERA Knowledge Graph.

Endpoint:
http://era.ilabt.imec.be/compatibilitycheckdemo/

Github epo:
https://qgithub.com/julianrojas87/eracompatibility-check

The objective is to check if a selected vehicle type can travel the route from operational point A to operational
point B. Each route is composed of sections of lines (tracks) with different technical parameters. Each track is
between two operation points. The small icons that appear on the map show the location of the operational
points and details about them when yoover.

4.3.2 Maritime

The following section analyzes MarineTrafffels and its potential use cases for ship tracking and container ETA.
Answers the questions regarding what historical data is available and whether the data is good for ETA on a ship
docking at a port and being ready for offloading.

MarineTraffic offers ainteractive reatime Ul map and a number of available APls. To use most of the features
of the realtime Ul one needs to subscribe to a plan (Standard is 15 USD/month, Professional is 54 USD/month).
For APIs to be used, they require credits (some takeedit per request, other 4, 8, etc..). List of credit prices is
here:

https://www.marinetraffic.com/en/onlineservices/marinetraffieccredits

All of the APIs and funtionalities described below can be used both for a single vessel and for a fleet (group of
ships).
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We can manage fleets (add, remove or add terrestrial/satellite tracking for a vessel) via an API (Change Fleet
API). We can also see all of our fleetslbvessels within a fleet. An API for checking the remaining credits is also
available.

You are granted 100 free credits after registratiwor details on the MarineTraffic AIS Data API, chedex I:
MarineTraffic AIS Data API

4.3.2.1 MarineTraffic Online Services

The Ul (Interactive redgime map) allows everything that is available from the APIs, plus:
We can create notifications for a vessel or a fleet that are triggereei:
Standard Periodic Reports
Midnight position
Noon position
PostRelated Events

o Arrival

0 Departure
o Docked

o Undocked
o ETA

AreaRelated Events

o Crosegd Strait or Passage
o0 EnteredArea of Interest

0 Left Area of Interest

o Custom Areg Crossed

VesseMovement Status Updates

Speed below minimum

Speed above maximum
Stopped

Average speed below minimum
Changed course

Underway

Vessel AlS Data Update

O OO 0o

o

AlIS Destination Changed
AIS Draught Changed
AIS ETA Changed

AIS Flag Changed

AlS Status Changed

0 AIS Name Chaged

MarineTraffc SysterrRelated Events

O O O 0o

0 In Terrestrial Range
0 Out of Terrestrial Range

VesselTo-Vessel events

0 Tugoperation

©PLANET2(0 Page |27




D2.7 EGTN Transport Data and Knowledge Models v1

Pilot Event

Bunkering

Vessel to Vessel Proximity
0 Shipto-Ship Transf¢ETS)

Special events

o O O

o New Photo Uploaded
o Sailing in highvinds
0 Vessel Changed Time Zone

Some of the most interesting notifications that we can create are when the vessel has changed its destination,
when the ETA reported by the vessel's AIS has changed, when a vessel has arrived/departed/docked/undocked
or whenits status has changed.

The amount of credits indicated will be charged each time a notification is generated (per vessel, every time a
condition is met, etc).

4.3.2.2 Conclusion:

The data is definitely good for tracking a ship and making ETA whether lookiistpaical data or using
thebuiltAy 9¢! !tLd 2KFIG Aa +Ffaz 3A22R Aa GKFG al NAyS¢N
alert that fires when a cargo ship is ready to be offloaded, there is a docking/undocking alert that can be used
for estimating when the ship is ready to be offloaded.

4.3.3 Air Freight

The section explores 4 sources of data related to Air Freight. The data is diverse, depending on the use case.
4.3.3.1 Alr Cargo World

Website:https://aircargoworld.com/

To have access to the datasets, one must have a premium subscription which costs $0 upon activation and has a
10 days trial period. $270 dollars a year after that.

Datasets include:

Carrier statistics shows cargo revenue, pagvenue, FTKs and cargo yields of different airlines
that are in the cargo business for the period 2e®1

Freight 50 for 2021 ranks the top 50 cargo airlines taking into account several parameters.
The power 25 ranks the largest forwarders by airfgiht metric tonnage

Change in global cargo traffiéor six regions

Jet fuel spot price chart from 2008

Business directory where one can search for companies/businesses associated with
aircrafts/equipments, carriers, consulting, logistics, technologyyéoders, etc

Summary

The data in those datasets is mostly for ranking purposes and for this reason it's not so histoosatiatasets
contain rankings for the last2 years. Maybe suitable for choosing most the best cargo related stuff companies
(e.g forwarders, equipment providers) but not useful for tracking packages shipped by our partners.
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4.3.3.2 |ATA- International Air Transport Association

Website:https://www.iata.org/en/services/statistics/cargalata/

Datasets include:
Cargo Country Statistics
" Country pair segment data for cargo between 1000 country pairs and 192 countries

e.g. how much Freight (in tonnes) were carried from Afghanistan to United Arab
Emirates

Note: Nodata for ChingPoland in the sample dataset
Updated monthly
Historical data from 2013, broken down by month
Available as an excel file
Sample data available for download
12 month subscription costs $10000
Monthly Traffic Statistics

Statistics calculateddm a sample representing approx. 93% of global trgffecensure

an accurate reflection of the entire industry, including-&ékvice and lowcost carriers,

IATA member and nemember airlines, mixed and cargmly operators, global and
regional carries

Global coverage of both passenger and cargo traffic, available in a variety of datasets
to provide you with the information you need

Data delivered in usdriendly Excel format to give you the flexibility you need to build
your own reports

No samplelata available for download
12-month subscription ranges from $5k to $14,4k
CargolS

L1 ¢! Q& / | NB 2 1 O02dzy i a {SGGf SYSyi
This is a global billing system operated by IATA where airlines and freight forwarders
settle their transactions. This dasaurce leverages billing data validated by both airlines

and freight forwarders and is therefore more accurate and reliable than any other data
source.

CargolS Direct Data

The CargolS Direct Data (CDD) complements the information received from CASS. CDD
consists of data received directly from participating airlines. It was designed together
GAOK | g2NJAYy3 INRdzL) O2YLINRAAY3I on 2F (KS
number of airlines are contributing their data, every month, ever since. The ate d

sources are fully consolidated in CargolS so that you can access all data in a single
database.

No sample available

No subscription data and data format available
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Global Data Products (GDP)
Global System Solution

Global System Solutions issabscription service to the complete database of
Agencies under IATA Passenger and Cargo Programs, including their IATA
Numeric Code, accreditation details and business profile. Delivered
electronically with updates either Daily, Weekly, Twidenthly or Monthly.

Features:

Create and maintain a customer database of over qualified 120,000
records

Schedule and perform automated agency information updates in your
systems

Reconcile booking information with the selling agents using the IATA
Numeric Code

Improveyour commission payment and baoKice operations
Perform targeted communication and business development activities

Pricing and sample data:
https://store.iata.org/IEC ProductDetail?id=00000000751934& ga=2.1702526
40.1558083621.163169246393256900.1631692467

Summary A lot of features as well as transaction info. Good place to start depending on the use case. However,
the only dataset that provided a sample does not cover the region we are interested in. The others are quite
expensive to access and are not guaranteed to cover our needs either.

4.3.3.3 Cargo Facts Consulting Insights
Website:https://cfcinsights.com/

At first glance the data that they claim to have seems to be useful for our cases however there is no sample data
and no trial to experiment with the tool. The subscription costs $5k a year.

Summary Worth possibly keepinigp mind but not immediately clear if they can be useful.
4.3.3.4  Spire Aviation Solutions

Website:https://spire.com/aviation/getstarted/
Worldwide flights

24-hour period¢ global coverage
Satellite and ¢rrestrial based tracking
Downsampled to 15 mins between position updates

Data Sample:
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in ) (S fley. fit | ot ] s B e R Sy ] ot o Vi
umestamp !lcao_addrcss lalitude fongiude collection_type aktude_bary speed heading callsgn source
2020-12-03 00:0000 UTC ~ BADS26 £.96465121 11093852076 satelliie 17000 2% 90 WON19»PFME4
2020-12-03 00:0000 UTC  BAO3T0 -8.55633545  116.04257875 sateilite 12325 320 I30LNIES4 FMB4
2020-1203 00:0000 UTC  BADS1E -4.41827289 109.87635119 satellile 34025 BTK6252FMBd
2020-12.0300:0000 UTC  AC1B4G 485181427 35918684248 satellite 34000 466 260FDX3  FME9
2020-1203 00:0000 UTC  4D010C 4523755607 -2827974645 satellite 36000 500 ZSACLXETK FMBS
2020-120300:0000 UTC  8A0297 8.44720614 11805545095 satellite 13060 260 63 WONLSYFME4
20201203 00:0000 UTC ~ BAD44E 566239891 11598845065 satellne 37000 435 B1GIAG04 FME4
2020-12-03 00:0000 UTC 840812 5.12133996  117.2456202 satellite 35000 440 T5BTKG13rFMB4
2020-1203 00:0000 UTC  8A0519 513617735 11670084985 satellite 38025 489 261 BTKET29FMB4
2020-12.0300:0000 UTC ~ BAO3DB -5,53678351 116.99388175 satedlne 37000 427 81BTKG182FMB4
2020-12-03 00:0000 UYC  BA0G1E -5,79400535 11742797334 satellite /000 444 T1CTV3S0 FMB4
2020-1203 00:0000 UTC ~ 424B2C 5381087 2777924455 satellite 41000 FM0
20201203 00:0000 UTC ~ BAO236 -9.6960415 12063551804 satellite B675 267 ) FMed
20201203 000000 UTC  AEL16S 50,56610443  -16.99777964 sarellite 35000 FMBS
2020-1203 00:0000 UTC 80247 -4.45634274 10022010493 sateilite 35000 GIASSD FMed
2020-1203 00:0000 UTC ~ ABIFTB 46.52654105 -27.81075082 satellile /000 497 251 UPSE200FME9
20201203 00:0000 UTC  BACZID -3.69662476 113 86169651 sateflite 13650 361 % FMB4
20201203 00:0000 UTC  ABC299 20 63637944  -07 27775574 satellne KU -] 145NG636S FM115
20201203 000000 UTC ~ ATEDF1 45.97503662  -30.4400G37 satellite 34000 490 265UPS214 FMBS
2020-1203 00,0000 UTC ~ BAD3CE 353317519 11294855261 satellie 15000 FMB4
2020-12-03 00:C003UTC ~ ATCBTE 47.00632341  -40.21998595 satellite 2050 472 272 FDXS02vFMBS
20201203 00:0000 UTC ~ BADSIC 9.77688509 11826777571 satellite 34975 450 1D4LNIS9d FMBd
20201203 0000I UTC  AG7ASC 33448563 95534338 terrestngd 25975 280 ZBINTIKG
2020-12-03 00:0000 UTC  A4CBEF 46,84025651  -22 43250275 satellite 34000 FDX52DFMES
ANAA 0 AN ABANAD LT naAsnar O AOONATIN. 44N AT AN waballite Aronn L YT Y]

Figure14 Data sample Spire aviation solutions

Field descriptions

Field Type Description ’ Example
callsign string Call sign ‘RAM200"
icao_address string oy el Sy anistion o | iontar

Latitude in degrees, between
latitude float -90 and 90 (both inclusive) -26.80498
Longitude in degrees, between
longitude float ~ 180 (exclusive) and 180 27.200012207
(inclusive)
altitude_baro integer Barometric altitude in feet 38000
Alrcraft heading in degrees (0
heading float is North) 273.2000
speed float Awrcraft speed in knots 4778
vertical_rate integer Vertical rate of ascent/descent 1020
squawk_code string Mode-A squawk code 6617
Figure15 FieldDescriptive data part 1
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Umestamp

BouUrce

Ingestion N

collection_type

lcao_actype
tall_numbar

flight_number

ongin_airport_scao

destination__alrport_ cao

schoduled doparture time_ utc

schaduled  departure_times_local

schaduled _arr
scheduled o
estimataed_ami

estimated _am

Track a region

24-hour period¢ European region

timestamp

siring

trrrestarrips

=tring
string
string
slelrg
string
steing

tmestamp
tirmerstarnp
Ival_time _ulc tirrveostarrp
ival_time_local Hrrvastarmp
val_time _utc

timestamp

val_time local tmostamp

Timestamp When the message
was receaived by ads-b receiver

NULL for terraestrial; FM value
for satellite

Timestamp when record wos
slored 1o the database

Collection type

Alraraft type (ICAO code)
Aldrcraft registration

Fhght number (JATA fornmat)
Ongin alrport ICAO code
Destination alrport 1CAO code

Schaedulad departura time,
format is in ISO 8601

Scheduled departure time,
formal is in 1ISO 8601

Schedulod arrval me, format
is ISO 8601

Scheduled armval ime, format
is 1ISO 8601

Scheduled arrrval tme, format
is 1S5S0 8601

Schedulad arrval tmea, format
15 ISO 8601

Figure1@ Field Descriptive data part 2

specific airline

Satellite and terrestrial based tracking

Downsampled to 5 mins between position updates

Track a single flight

Data for an entire flight path

Satellite and terrestrial based tracking

Data plans:

https://spire.com/aviation/aviationdata-plans/

The aviation plan claims to havéitorical API.

"2019 06-06TO07:566:25Z"

FmeaT

“2012-06-068TO7 55252
“satollite” or “tecrostrial’
|sanr

"AB-EEQ"

"WNGOa2*

EHAM®

wKDTWT
"2019.06-08T07:56:262"
2019-06-06T07.565:26"
2019-06-06T07 5525
2019-06-06T0O7 .56.23

"2019-06-06TO7 57227

2019 06.08TO7:57:217

Summary Good historical data. Can be used for prediction purposes/estimating arrival time, etc. Also good for
tracking cargos. Need to explore whether it is possible to obtain a historical sample covering a few months of
data at the regiorof interest so we can demonstrate the initial functionality to partners without needing to first
purchase access.

4.3.3.5 Champ

Cargo Management Applications
Cargospot Airline
Supports reatime data
data can be downloaded in a csv/excel format
Cargospot APIs
Fowarders and shippers

Booking: create, update, delete
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Compute shipment price
view agent invoice
List allotments
List contracts
Print barcode label
Track & Trace
Warehouse
Checkin shipment
Pickup shipment from warehouse
Accept shipment
Offloadcontainer
Buildup flight
Manifest flight
Accept container
Checkin container
The APIs provide data for the air cargo supply chain.
Weight & Balance

A powerful tool for advanced load planning. Designed with a freighter aircraft in mind to
make your airaft loading more efficient, cut costs and make maximum use of available
space.

Cargospot Revenue

/ FNBH2 NBG@SydzS | 002dzyGAy3a aeaidsSy (KFdQa 7T
you enhance productivity, improve cash flow and boost billing perfoicea

Summary

The data seems to be very promising and offers every single step related to the whole supply chain. However in
order for data samples and pricing to be received/estimated, one should contact and negotiate with the sales
team. Good place totart if looking for a specific movement from the supply chain or the whole.

4.3.3.6 Conclusion

¢KSNBEQa LX Syide 2F NBaz2dz2NOSa F2NJ RAFFSNByUd dzaS Ol aSa
it since it offers data for operations about the whatupply chain. However, regarding historical and forecast
data, Spire is also a very good resource offering plane tracking and ETAs. Another useful source is IATA, where

you can find data about the cargo import and export between countries.

4.4 Timetable andActual Itinerary Data

As identified by multiple use cases, there is a need to model available transportation routes in order to support
decision making for routing and planning. This allows the kind of analysis

©PLANET2(0 Page |33




D2.7 EGTN Transport Data and Knowledge Models v1

4.4.1 Relevant Standards and Ontologies

Semantic epresentation of route data is a common challenge that has been implemented with a large selection
of ontologies. There are many aspects of the problem and some ontologies go into great detail and support
routing decisions on the micro level. Some notevagrontologies are briefly discussed below:

SWEET (Semantic Web for Earth and Environmental Terminology)
" an ontology for Earth system science
includes several thousand terms, spanning a broad extent of Earth system science
too large and specific for oudentified use case
Towntology
" aproject started in 2002, including two French laboratories named LIRIS and EDU
focused on urban planning which is not actually relevant to PLANET use cases
Open GIS Consortium (OGC) ontology
" basis for the GeoSPARQL standahich is the preferred way for querying geospatial data in
semantic formats
definitely want to use it for location and area representation
Geographic Data Format (GDF) standard
* file exchange format for geographic data
alternative to GIS
used in automotivenavigation systems, fleet management, dispatch management, road traffic
analysis, traffic management, and automatic vehicle location
very promising but need to identify a small subset to integrate in our model
Ontology of Transportation Systems (OTN)
" formalized ontology based on GDF standard
explicitly models railways, airports and other modes of interest
support for tying in weather data and possibly extreme weather events

The conclusion of the analysis of available datasets is that OTN present thdt begtur current needs. It is
capable of covering at least rail and air transport which are the two currently confirmed use cases for route
modeling. There is also an opportunity to extend coverage to marine, road and evenlevietaity route
descriptbns.

4.4.2 ChinaPoland Route

The rail corridor for transporting goods from China to Poland is one of the major use case focuses of Living Lab
3. Extensive exploration of available datasets confirmed that unfortunately not only is there no single dataset
that covers the whole desired area but actually there is virtually no public information for several countries that
the corridor passes through.

Instead of trying to combine a large number of individual sources into a single dataset that only partially and
imperfectly covers the requirements of the use case, we decided to work on building our own. To that end
through significant assistance from our partners at RSUUS, we created a description of the dibaroute

with corresponding approximations foransit time, timetables and train composition.
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Figure17 China Poland Route visualization

The highlevel description of the physical route segments was provided in free text format by our partners. Our
function was to select theorrect ontology and transform the route description to that format. Then the partners
collected information from their local connections in order to give estimates for transit times and typical
schedules which has also been included in the modeling.

We ake currently working on extending the route information with a way to simulate the typical and expected
train compositions on each segment. This will correspond to the types of engines and transport cars used in
respective countries along with technical dis for the resulting composition. This will be important for ETA/ETD
calculations and estimation

4 5\Weather Data

The section explores 3 sources of weather data. 1 of them is public (although with limited requests per day, but
can be extended with a subggtion plan) but is sufficient for evaluating purposes. Second one (WMO) is
completely public and open source and offers plenty of useful weather bundles (precipitation, min/max
temperatures/snowfall, etc) and the last one is with a subscription plan.

4.5.1 Ontology

The Sensor, Observation, Sample, and Actuator (SOSA) Or#jlagybased on the SSN Ontology by the W3C
Semantic Sensor Networks Incubator Group (XS) together with considations from the W3C/OGC Spatial

Data on the Web Working Group. It is designed to describe in detail all manner of sensor readings, sampling,
modification activity and is of interest to us because it can be used to fully describe all manner of dateaollect

by meteorological stations.
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Figure18 Ontology visualization

As the diagram above shows, the ontology is capable of fully covering all historical data descriptions. It does not,
however, handle forecasting and extreme weathdvigories or warnings. This makes the SOSA ontology a great
starting point that might need to be extended in a few limited but crucial ways. The objects that we can certainly
make use of include:

Platform (e.g. weather station)

Sensor (e.g. sensor suitevatather station)
FeatureOfinterest (e.g. weather at a location)
ObservableProperty (e.g temperature)
Observation (e.g. average temperature over 24h)
Result (e.g. 18)

Slight necessary extensions include weather station location or, more likely, tyingeveatdlions to the route
model.

4.5.2 Storm Glass

Website:https://stormglass.io/

Marine weather data for vessel performance optimization. There is a free version API that allows up to 50
requests per day. 80 eur@er month allows 25k requests per day.

Information about other pricing offersittps://stormglass.io/pricing/

The API works this way: latitude and longitude are specified along with params list witbdined values to be
retrieved

Example:

-H "Authorization: examplapikey'
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{
"data": [
{

“"time": "2018-01-19T17:00:00+00:00",

"airTemperature"{
"smhi"; "-2.6",

h

"waveHeight"{
"noaa": 2.1,

"meteo™: 2.3,

I3

}

I

"meta": {
"dailyQuota™:50,
"lat": 58.7984,
"Ing": 17.8081,

"requestCount":1

}

Note: this is a forecast APit returns this values on a daily basis

Values you can retrieve via params:
Time
Air temperature
On surface
80m above surface
100m above surface
At 1000hpa
At 800hpa
At 500hpa
At 200hpa

Air pressure
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Cloud cover
Current diretion
Current speed
Wind gust
Humidity
Ice cover
Precipitation
Snow Depth
Sea level
Swell
Height
Period
Secondary Period
Secondary Direction
Secondary Height
Visibility
Water Temperature
Wave
Direction
Height
Period
Wind wave direction, height angeriod
Wind direction
At ground level
At 20m height
At 30m height
At 40m height
At 50m height

The same data providers also offer a historical-Aldt set the start and end parametéut the
maximumlength of the response will b0 days fromstart.

Summary The API is rich enough with many parameters. It is free and for forecast data it is a good
place to start. Maybe the forecast period (10 days) will be insufficient for some purposes but it depend
on the use case.

4.5.3 World Meteorological Organization

Source: https://climatedatacatalogue.wmo.int/explore
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Station data and climate indices available on a daily/monthly/annual time series.

Variables available:

precipitation
average/minimum/maximum temperature

snowfall
snow depth
¢CKS aSINOK g2NJa 06& LINRPGARAY3I WaidldAiazy 6A0GK |yl
be filtered. After that, a number of years of historical data is selected.
Example:
Searching 2 NJ adl GA2ya GKIFIG O2yGlr Ay Wl fSYyOArFQ Fa F yIF Y

data, this can be found:

VALENCIA (Spain)

coordinates: 39.48N, 0.37E, 11.0m
GHCND station code: SP000008416
WMO station: 8285

Found 85 years of daia 19372021

300 T T T ) T = T 1 T

precipitation VALENCIA (SPO00008416) -
250 + 1
200 =
150 -

100 -

PRCP [mm/day]

50 +

0 : |
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

Figure19 Histogram- Precipitation

A histogram showing precipitation [mm/day] for the range of years specified.

The time series can be manipulated:
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Setect years: —— | @

Make index: il
Filter adjacent days low-pats v | ninming-mean v filtor
cut-off value |12 v idays
requiring at least valic data
Filter consecutive [lre-pass | [running-maan [ Tilter L
years: cut-off value {7:__ B ~|years
requiring at least valid data
Scale sorios: scate facor [ | |l -
Time derivative: using |1 ~|days M
Shift Shiftdataby[ |days. -
Normalise: Take anomalles and set standard deviation to one m
far each day separately
for all days together
Select day: Select all values in | jon v|1 +| -
Combine: Combine with ancther timeseries 1o farm a (narmushised) Incdes w
Mask out: Mask out based on another time series mw
Extend: Extend with another time serles W
Make 100 random series with the same mean, variance and
Noise: 3 L il
autocornrelanan
Time scale; gan Dec) v |
Index: 1 wime Index vl
Threshold: | |(for SONnn, Rnnmm, RonTOT)
Figure20: Time series options
Annual cycles, computed with 3l data available Qan-Dec: eps, pof, raw data,, Juljun: éps, pdf, raw dara).
100 . 100 . . S .
a0 2.5%,17%,83%,97.5% percen — ] 90 25%,17%,83%,97 5% percentiies —— |
8 mean precipitation VALES — 2 Ban preCipitation VALENCIA e
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£ ol \ £
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a 40 [ la
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0
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Figure2 Annual cycles
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olime wor
300

Z50 |-
200

y Y v
precipitation VALENCIA anomalies
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Redisplay the anormaties using the y.,-..:;ll‘“u'-! 1[?0,‘1] ] salect
Figure22 PRCP anomalies

PACP anamates |mmiday]

Fractian missing data {eps, paif, raw dat tocdf, anatyse thes time sanas)
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precipitation VALENCIA -
0.01 - |
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T
1

0.006 - | il

0.004 - N

fraction missing [1)

0.002 §

1 1 1 1 1

o ] |
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Replot using starting month | jan v length of season |1 «|months EEIEEEEEY

Figure23 Precipitation Valencia

We can also get the raw data from the above diagrams.

Since the data is taken from gloHaktoricalclimatologynetwork-daily (ghcn), here is the long
list of stations available:

https://www.ncei.noaa.gov/pub/data/ghcn/daily/ghcndtations.txt

NoteY 2 ah R2 Srfo/aboiit evely giionin the list. HTTP error code returned if this is
the case.

Daily Station Data
’ Minimum temperature (first diagram)
https://climexp.knmi.nl/data/ngdcn{GHCDN CO[oa}

where {GHCND_CODE} is the station code from the above list.

Examplehttps://climexp.knmi.nl/data/ngdcnGME001281 4fat

Annual cycles, computed with all data available (second diagram)
https://climexp.knmi.nl/data/ngdcn{GHCDN CODE} yr.txt
example:https://climexp.knmi.nl/data/ngdcnGMEQ00128146 r.txt

Anomalies with respect to the above annual cycle (third diagram)
https://climexp.knmi.nl/data/ngdcn{GHCDN CODE?} a.txt
example:https://climexp.knmi.nl/data/ngdcnGMEQ0128146 a.txt

Maximum temperature Analogically (just different base)
https://climexp.knmi.nl/data/xgdcn{GHCDN CODH}.da
Examplehttps://climexp.knmi.nl/data/xqdcnSP000008416.dat
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Annual cycles, computed with all data available (second diagram)
https://climexp.knmi.nl/data/xgdcnSP000008416 _ yr.txt

Anomalies with respect to the above annual cycle (third diagram)
https://climexp.knmi.nl/data/xgdcnSPO00008416 a.txt

Precipitation
https://climexp.knmi.nl/data/pgdcn{CHCND CODE}.dat
https://climexp.knmi.nl/data/pgdcnRSM000276121tda
https://climexp.knmi.nl/data/pgdciCHCND CODH}.txt
https://climexp.knmi.nl/data/pgdcnRSM00027612  yr.txt
https://climexp.knmi.nl/data/pgdcfiCHCND CODIH}txt
https://climexp.knmi.nl/data/pgdcnRSM00027612 a.txt

Other Variables Analogically

Summary This is a goodosirce overall. Many parameters, variables and options are available. Queries
can be automated using the links above. A good place to start if we are looking for particular historical
data.

4.5.4 Spire

Spire leverages satellite technology to forecastwheather and track maritime and aviation related operations.

In particular, Spire provides the following weather bundles:

Core variables

Temperature

Dew Point temperature
Relative humidity

Wind speed & direction
Wind gust speed

Maximum Wind Gust Speed
Meansealevel pressure
Total Precipitation

Min and Max temperature

Cloud cover

Precipitation Variables:

Precipitation Type
Maximum Precipitation Rate
Total Snowfall

Snow Depth

Thunderstorm Variables

CAPE
CIN

Data Formats: GRIB (for global or large areas) &@iNJ(for specific coordinates or small areas)

Offers both Historical & Forecast data

©PLANET2®0
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Sample of Historical weather data looks like this:

O ET PPISSETE A MERN 583 Wvel A pressere i suriace ST Temperatuw AN Temperatiey mue n RSt howr ar terpetanare it b LR hewr  comeectave avalalie potermal emergy  comaecive Infrbition nonthe

Figure24: Sample of historical weather data

All columns:

air pressure at mean sea level
air pressure at surface

air temperature

air temperature max in last hour
air temperature min in last hour
convective available potential energy
convective inhibition

dew point temperature

eastward wind

max precip rate

max wind gust

mean snowfall rate

northward wind
precipitation type

relative humidity

snow depth

total cloud cover

total precipitation last hour
total snowfall last hour

wind direction

wind gust

wind speed
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Figure25 Example thunderstorm data

Summary:

Spire offers useful bundles for cargo/transport/logistics purposes. They are the only source of all explored that
provide thunderstorm data. In contrast to the other source, it is paid. Offers both historicak&ast data. It is
possible that the data has more quality since it is paid but this is to be determined.

4.55 Conclusion

Rich databases with useful features for historical and forecasting weather use cases. Probably the richest
is WMO in which one can fintiost needed features like snowfall/temperatures/precipitation and for a very
large period. Storm Glass adds some more exotic options such as wind, wind speed/wind direction, humidity,
visibility, wave height, etc and is free to use if no more than 50 rstguare made per day. On the other hand
Spire is the only one that offers thunderstorm predictions, for example but also offers historical & forecast data.
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5. Harmonized Semantic Models and Ontologies

This section describes the development and current stétthe harmonized semantic model which describes
the data format and expected contents of the knowledge graph in the EGTN Connecitivity Infrastructure.

5.1High-level Overview

Semantic models are presented as a special file type called a soml which coriisires all ontologies used in
the modeling, a description of the shape of each object type in the graph and the connections between them
and to all external LOD objecfts.

Figure26: Semantic object model example

Above we can seehe beginning of the soml file which gives an identifier to the overall model, declares the
ontologies that will be referred to in the objects and defines the special ontology that serves as the base for our
semantic model.

What follows is a list of all seamtic objects expected to exist in the graph with detailed description of each object
including information about what properties they are expected to have, what kinds of objects and value ranges
they should point to, what connections they have to othertpaf the graph or external data sources .

b2g tSiQa aSS |y 20SNWASg 2F GKS 02y OSLiidzZ t LIASOS:
correspond to a type of data or data source each but are not completely independent as no part ofghésgra
actually separate from the others. In our instance EPCIS events would be linked to vehicle information and
transportation hubs along routes, transportation hubs are connected to local weather data information and so

on.
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