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1. Executive Summary

This deliverable presents the 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 interest, there 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 analysis of the alternative 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 additional 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 data on all levels of interest to the project. On the
micro level it defines the representation of individual data points such as a vehicle’s current location or the
offloading of a container from a ship. On the meso level it enables the inferring and storing of answers to specific
partner data needs for analysis, decision-making and visualization. On a macro level it represents global transport
corridors in a deeply enriched state that integrates a variety of informational aspects. Most importantly, it
provides seamless querying of data between these levels of abstraction.

© PLANET, 2020 Page| 6
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2. Introduction

This deliverable 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
identify, collect and curate such models adhering to the Project’s Data Management Plan.

2.1 Mapping PLANET Outputs

Purpose of this section is to map PLANET’s Grant Agreement commitments, both within the formal Deliverable
and Task description, against the project’s respective outputs and work performed.

Table 1: Adherence to PLANET’s GA Deliverable & Tasks Descriptions

and Knowledge

transport models

PLANET GA PLANET GA Component Respective
Component Outline Document Justification
Title Chapter(s)
DELIVERABLE
D2.7 EGTN Development of the Section 5 describes the details of the
Transport Data | strategic, meso and micro Section 5 initial version of the harmonized data

model for the intended contents of the

Transport Data
and Knowledge

Project

Subsections
41,4.2 ,4.3 and
4.4

Models v1 Knowledge Graph.
Key transport routes and Subsection 4.3 describes our approach
D2.7 EGTN corridors addressed by the to representing transportation routes.

Subsection 4.4 extends that with the
reflection of metadata about route

Transport Data
and Knowledge

standards and major
ontologies in the

Section 3 and
Subsection 4.5

Models v1 segment including timetables. 4.1 and
4.2 deal with rail data specifically.
D2.7 EGTN Incorporation of global Section 3 covers the details of the GS1

standards and specifically EPCIS used by
loT sensors. Subsection 4.5 details

Transport Data

standards and major

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

Chapter 3 outlines the GS1 set of

Models as a
Service

transport routes and
corridors

and Knowledge | ontologies in the Section 3 standards and particularly the relevant
Models as a modelling parts of the EPCIS subset

Service

ST2.2.3 EGTN Strategic, meso and micro Chapter 4 is the inventory or relevant
Transport Data | transport models that datasets covering sources of data on
and Knowledge | correspond to key Section 4 transport routes, timetables, live

tracking and relevant metadata such as
weather.

© PLANET, 2020
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ST2.2.3 EGTN Single data-sharing Section 5 describes the initial version of
Transport Data intelligence space 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 Data and Knowledge 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 single data-sharing intelligence space in the Cloud
("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 tied 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. An initial version supplied at M17 and a
final version supplied at M30.

2.3 Deliverable Overview and Report Structure

This deliverable covers in detail the work done on examining and utilizing widely-used standards, analyzing and
selecting data sources and combining and extending existing ontologies into a single harmonized data model.

Section 3 explores the GS1 sets of standards focusing on the EPCIS subset with specific attention paid to
the recent extension EPCIS 2.0 for the support of 10T sensors

Section 4 is an inventory of explored data types covering route and infrastructure for rail, air, sea and
vehicle transport. In addition, it covers weather and live tracking data sources.

Section 5 presents the first version of the harmonized data model that combines the examined 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 with or without schema. This
makes it very flexible and easy to use in cross-enterprise 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 levels of interest 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 transport route 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 each object with a unique URI which allows making various connections
between heterogeneous datasets and publishing information in web-native formats.

© PLANET, 2020 Page| 8
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2.5Semantic Data Integration

Semantic data integration is the process of creating a single harmonized data model that describes 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 understanding of the
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 other ways. 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 step that identifies all possible sources and
then subjects them to rigorous analysis- accessibility, 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 model defined in the
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 csv tables 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 conforming to 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 a single knowledge 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 identifiers 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 warehouse and 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 process. We start 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 set analyzed and 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 where each one
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 loT Infrastructure. At minimum,
sensors providing readings will be deployed on trucks traveling from Valencia to the Spanish hinterlands and
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 services are deployed and applied to make real decisions. Similarly, severe

© PLANET, 2020 Page |9




D2.7 EGTN Transport Data and Knowledge Models v1

weather alerts and forecasts are important support for decision-making by route planners using the HMI
interface.

The railroad route and timetable dataset was developed in conjunction with 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 train transportation throughout the European
Union but also as a valuable simulation tool in the China-Poland use case. Since no public data exists for
locomotive and train compositions in several countries along that route, we can simulate compositions along
those route 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.

© PLANET, 2020 Page | 10
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3. GS1 Standards

GS1 is the global standard-setting 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 EPCIS sub-family of
standard are used to track shipments and describe sensor readings as supplied by the EGTN loT Infrastructure
from sensors deployed by project partners.

The following materials provide useful introductions to GS1 standards:

The GS1 Glossary defines important terms and concepts in GS1 standards and data schemas

The GS1 Discovery App is 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 the supply chain operation "Fresh foods> Wholesaler/distributor> Order fulfillment"

GS1 standards in action

‘ed EDI messagey
an be
51 EPC Informatsor
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Figure 1: GS1 Standards in action

The GS1 Architecture defines 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 various Electronic Product 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 organizations, and further to:

Client companies through a "company prefix". Each company can freely allocate identifiers within its
prefixes. TDS identifiers have fixed width, but are split into variable-length fields. Usually bigger
companies get a shorter prefix, so they can allocate more identifiers within that prefix.

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

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

Management of 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
(eg www.ontotext.com, graphdb.ontotext.com, platform.ontotext.com)

Check Annex I: TDS Identifiers for 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:

Individual objects, 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

o Sensors and other assets
Classes of goods and services (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

O
O
O
O

3.2GS1 GPC

The GS1 Global Product Classification (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
uniformly, everywhere in the world. The term “product” as used throughout this guide refers mainly to physical
products; however GPC is expanding into services as well.

The business objectives of GPC are to:

Support buying programs by allowing buyers to pre-select groups of applicable products

© PLANET, 2020 Page | 12
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Provide a common language for category 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 GPC schema provides an optional four-tier 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 the schema 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 attributes; in turn each brick attribute has a set of associated
mutually-exclusive brick attribute values.

Resources:

Homepage: https://www.gs1.org/standards/gpc
Standard: https://www.gsl1.org/sites/default/files/gpc_development and implementation 1.pdf
Browser: https://www.gsl1.org/gpc/browser/

Details on the GPC structure are available in Annex |: GPS Structure.

To learn more about other potentially useful aspects of the GS1 standard, check:
GS1 WebVoc in Annex I: GS1 WebVoc
GS1 Smart Search in Annex I: GS1 Smart Search
GS1 Digital Link in Annex I: GS1 Digital Link

3.3EPCIS and CBV

EPCIS and CBV are complementary specifications that enable trading partners to share information about the
physical movement and status of products as they travel throughout the supply chain —from business to business
and ultimately to consumers. They help answer the “what, where, when and why” questions to meet consumer
and regulatory demands for accurate and detailed product information.

EPCIS defines supply chain events, enabling disparate applications to create and share visibility event
data, both within and across enterprises

CBV provides definitions of data values to be used to populate the data structures defined in EPCIS

EPCIS and Core Business Vocabulary Implementation Guideline provides an introduction to these standards and
how to implement them

© PLANET, 2020 Page| 13



https://www.gs1.org/standards/gpc
https://www.gs1.org/sites/default/files/gpc_development_and_implementation_1.pdf
https://www.gs1.org/gpc/browser/
https://www.gs1.org/standards/epcis
https://www.gs1.org/docs/epc/EPCIS_Guideline.pdf

D2.7 EGTN Transport Data and Knowledge Models v1

= =

Manufacturer Retailer DC Retail Store
Ship Rcv

Door Door
I Back : Front

EPCIS Visibility Data =

Figure 2: Supply chain and EPCISvisibility”

Figure 4 illustrates a simple supply chain and the EPCIS "visibility" events generated along the way:
1. The goods are manufactured and a product is packaged into cases which are in turn packed onto pallets.
2. The products are shipped by truck from the manufacturer’s factory to the retailer’s distribution centre.
3. The products arrive at the retailer’s distribution centre (DC) and are received into inventory.
4. The products are shipped from the retailer’s distribution centre by truck to the retail store.
5. The products arrive at the retail store and are received into the stockroom.
6. The products are moved from the stockroom ("back office") to the sales floor ("front office").
7. Inthe retail store the product will be sold to the consumer.

3.3.1 EPCIS1.2

The current version of the EPCIS standard is EPCIS 1.2 (138 pages, 2016-09-29). A new version is upcoming, see
below. The EPCIS specification is organised in 3 layers:
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(sect. 8.1) | | (sect. 8.2) (sect. 11.2)
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Figure 3: EPCIS organization

XML schema: epcis 1 2 schema-20160929

TODO Includes EPCglobal-epcis-query-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 Trade

Case Studies:

How EPCIS enables product visibility from source to shelves

How EPCIS is improving the safety of healthcare supply chains

Messaging Document: EPCIS - Improving traceability, security, and regulatory compliance
Case Study: GS1 application standard for visibility in rail

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

3.3.2 CBV1.2

The Core (or Comprehensive) Business Vocabulary (CBV) specifies the set of vocabularies 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).

CBV covers the following vocabularies:

All kinds of GS1 identifiers (see section TDS 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 (Business Transaction Type), 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) renditions in addition to the 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
gs1:0Organization and can have all properties relevant to that class.

Promote the use of HTTPS URLs by using GS1 Digital Link instead of or in addition to the existing URIs
Improve the XML schema and add JSON schema and RDF 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 loT
devices and sensors much more fully. The EGTN loT Infrastructure will lean heavily on it as will all future
communication involving mobile sensors and real-time tracking in transportation and logistics [1] .
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Figure 4 shows the conceptual data model of EPCIS 2.0:
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Figure 4: Conceptual data model

The EPCIS ontological model is very similar, but uses RDF properties instead of simple field names, 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
sub-types (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 é epcis:EPCISDocument
dcterms:created : xsd:dateTime
owl:versioninfo - xsd:string ["2.0"]
epcis:epcisBody a epcis:EPCISDocumentBody
1 epcis:epcisBody
A4
epcis:EPCISDocumentBody
rdfitype : epcis:EPCISDocumentBody
epcis:eventlist : epcis:EPCISEvent [1..%]

H
1.% 1 epcis:eventList

\'4
epcis:EPCISEvent

"eventiD" : <ni// .> (optional)
rdfitype : epcis:EPCISEvent epcis:errorDeclaration [0..1] 9 "
epcis:eventTime s xsd:dateTimeStamp [y eyt Ay epcis:ErrorDeclaration
epcis:eventTimeZoneOffset : xsd:string rdftype . epcis:ErrorDeclaration
epcisirecordlime - xsd:dateTimeStamp [0..1] . veEventiDs [0.* epcis:declarationTime : xsd:dateTimeStamp
epcis:errorDeclaration - epcis:ErrorDeclaration [0.1] ke epcis:correctiveEventiDs (0.7} /o rocon . cbvER [0.1]
epcis:certification - gs1:CertificationDetails [0..*] epcis:correctiveEvent/Ds . epcisEPCISEvent [0.%]

<<extension point>> <<extension point>>

% & & 5

Figure 6: 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:ObjectEvent epcis:AggregationEvent
rdf:type i epcis:ObjectEvent rdf:itype - epcis:AggregationEvent
epcis:epclist : gs1:IndividualObject [0..*] epcis:parentiD 5 gsl:ndividualObject
epcis:action - xsd:string ("ADD" "OBSERVE" "DELETE") epcis:childEPCs : gs l:IndividualObject [0.*]
epcis:bizStep - cbv:BizStep [0..1] epcis:action s xsd:string ("ADD" "OBSERVE" "DELETE")
epcis:disposition : cbv:Disp [0..1] epcis:bizStep g cbv:BizStep [0..1]
epcis:persistentDisposition  : epcis:PersistentDisposition [0..1] epcis:disposition : cbv:Disp [0.1]
epcis:readPoint 2 gsl:Place [0..1] epcis:persistentDisposition  : epcis:PersistentDisposition [0..1]
epcis:bizLocation : gs1:Place[0.1] epcisxreadPoint 3 gs1:Place[0.1]
epcis:bizlransactionList - epcis:BizTransaction [0..*] epcis:bizLocation : gs1:Place[0.1]
epcis:quantitylist epcis:QuantityElement [0..* epcis:bizTransactionList g epcis:BizTransaction [0.*]
epcis:sourcelist - epcis:SourceOrDestination [0.."] epcis:xchiidQ yList epcisQuantityElement [0.%]
epcis:destinationList : epcis:SourceOrDestination [0..*] epcis:sourcelist epcis:SourceOrDestination [0..*]
epcis:sensorElementList : epcis:SensorElement [0..%] epcis:destinationList : epcis:SourceOrDestination [0..*]
epcis:sensorElementlist : epcis:SensorElement [0.%]
<<extension point>> <<extension point>>

Figure 7: ObjectEvent, AggregationEvent
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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):

W
epcis:QuantityElement
rdf:type : epcis:QuantityElement
epcis:epcClass : gs1:Product, gs1:ProductBatch
epcis:q ity y d:double
epcis:uom : xsdstring [0..1] (UNECE Rec20 UoM list)

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

A

“id”

epcis:SourceOrDestination

: URI or blank node (optional)

rdf:type

epcis:sourceOrDestinationType
epcis:souceOrDestination

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

Figure 8: QuantityElement, SourceOrDestination

measurements (readings):

EEI RIS P T

mnsorElementList
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epcis:SensorElement [0..*]

<<extension point>>
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rdf:type

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

<<extension point>>

T
'
'

: epcis:SensorElement

Finally, there is gsl:CertificationDetails that is not yet shown in the diagram but can be attached to an

[ —————

LI L T T T T T

Figure 9: Sensor Data Representation

: epcis:SensorMetadata
E rdftype : epcis:SensorMetadata
' epcis:time : xsd:dateTimeStamp [0..1]
] epcis:startTime : xsd:dateTimeStamp [0..1]
: epcis:endlime : xsd:dateTimeStamp [0.1]
! epcis:devicelD : URI[0..1] (no defined class)
epcis:deviceMetadata : URI[0..1] {no defined class)
epcis:rawData + URI[0..1] (no defined class)
mEmmmmmmmn e w3 epcis:dataProcessingMethod : URI [0..1] (no defined class)
epcis:bizRules : URI[0.1] {no defined class)
<<extension point>>
epcis:SensorReport
rdf:type : epcis:SensorReport
epcis:time : xsd:dateTimeStamp [0..1]
epcis:devicelD : URI[0.1] (no defined class)
epcis:deviceMetadata : URI[0..1] (no defined class)
epcis:rawData : URI[0.1] (no defined class)
epcis:dataProcessingMethod : URI[0.1] (no defined class)
epcis:measurementType : gsl:MeasurementType [0.1]
epcis:exception : gsl:SensorAlertType [0.1]
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]
epcis:maxValue : xsd:double [0.1]
epcis:meanValue : xsd:double {0..1]
epcis:sDev : xsd:double [0.1]
epcis:percRank : xsd:double [0.1]
epcis:percValue : xsd:double [0..1]
epcis:uom : xsd:string [0..1] (UNECE Rec20 UoM list)
<<extension point>>
A

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 URIs, eg https://ns.gsl.org/cbv/BTT-bol
owl:sameAs urn:epcglobal:cbv:btt:bol (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 other vocabularies used by EPCIS 2 and judged to have general applicability are defined in
GS1 Vog, eg gs1:MeasurementType, gs1: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 GitHub (https://github.com/gs1/EPCIS) and in extensive
weekly calls. The additional technical artefacts are available (counts as per 12 Oct 2021) in Annex |: Technical
Artefacts.

SIR has made significant contributions to EPCIS 2.0:

96 issues and pull requests (89 by author:VIadimirAlexiev and 7 by author:mkotoff)

The EPCIS Semantics document

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

Significant improvements to ontology and RDF shapes

Specific proposals for gs1:CertificationDetails and gs1:MeasurementType

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

Best practices 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 standard [2] . 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 make up the
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 of use to 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:

o Global Location 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

o Global Individual Asset Identifier (GIAI) used to identify an Individual Asset such as an engine or
rail car. Syntax: urn:epc:id:giai:CompanyPrefix.AssetNumber

Identifying vehicles/wagons

o First we have master GlAls that identify each rail vehicle as an asset. This master key should

help us to get information about vehicle type, the axle count, the vehicle owner, etc.
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o 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 tagged and they will not
appear in the epclist.

Location identification:

O Read point - specific place where EPCIS event happened and it’s identified with the SGLN. This
event should give us information about geographical location (geo coordinates), line name or
ID

O Business location - location 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 determined by values in the range between 0-2, meaning:

o 0O=indicates that the direction was not detected

o 1=indicates one direction in the rail network

o 2 =indicates the opposite direction in the rail network

Besides these indicators, the data may optionally contain 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:

O ObjectEvent (action OBSERVE) - observation of a uniquely identified rail vehicle in passage
along its journey, or upon its arrival at or departure from a terminus

o TransactionEvent (action ADD) - summary event following the observation of a passing train’s
trailing vehicle

o Standard Rail journey diagram:

Train crosses
»| international
boarder
i oper?tor Train is formed Train departs Train ses | Train passes Train arrives at
plans frain in depot g depot ¥ public | read point station
service  / e infrastructure P
J 3 x ! " ‘ : %
|
Rail Vehicle
Events
NOTES: )| )
« Blue process steps represent generalised
process steps relevant to a train journey.
* Red process steps are recommended EPCIS R v v
events.
Train departs 5 ki Ief'-xves . | Train arrives at
station > public » depot ‘ Process End
infrastructure | '

Figure 10: Standard Rail journey diagram
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This data also contains four dimensions: what,where, when and why.

o0 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

0 Where - should give us information about where EPCIS event happened eg. read point and/or
business locations

o When - show us the time 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>2014-10-18T12:00:22.000+02:00</eventTime> <recordTime>2014-10-
18T12:01:00.000+02:00</recordTime>

o  Why - reflects the business context (“Business Step”) or the status of the event (“Disposition”)
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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 for living lab use cases.

4.1Railroad Infrastructure Data
4.1.1  RINF (Registers of Infrastructure)

RINF ‘specifications concern data about the following structural subsystems of the Union rail system [3] :

the infrastructure subsystem,
the energy subsystem,
the trackside control-command and signaling subsystem.

4.1.1.1 Feature of the RINF

‘Operational Point’ - means any location for train service operations, where train services may begin
and end or change route, and where passenger or freight services may be provided; ‘operational point’
means also any location at boundaries between Member States or infrastructure managers;

‘Section of line’ (SoL) means the part of line between adjacent operational points and may consist of
several tracks;

‘Running track’ means any track used for train service movements;

‘Siding” means any track within an operational point, which is not used for operational routing of a
train.

‘Location point’ (LP) is a specific point on a track of a SoL (not permitted for OP) where value of a

parameter changes. The use of LP is non mandatory.

Details on the web functionalities of the RINF, check Annex I: Web Functionalities.

4.2ERA Knowledge Graph

Achieves semantic interoperability between RINF and ERATV databases and enables IMs and RUs towards
better data quality.

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

Currently there are 13,896,018 triples.

Supports era:OperationalPoint, era:Track and era:VehicleType

PREFIX era: <http:

select ?point where {
?point a era:OperationalPoint .
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ERA Vocabulary:
http://era.ilabt.imec.be/era-vocabulary

(Currently some links generate an error)

=)

ERA b

) N -
. -~
m—

O =]

Figure 11: ERA 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
v Track 32 ' France . track circud Train x sxle coumers
Track 56 ‘ Soain axde counters 2 Train y track circuit
Track G4 . Belgium track circut Train k loop
Track 83 UK track ciroud 1 Train | track aircult
Track 12 [ Graece | loops £ Tram | axle counters
Track 37 ‘ Swoden 4 axle counters ¢ Train m ‘ loop

X

Figure 12: RINF and ERATV comparison

On the left side it’s RINF and on the right side it’s ERATV. RINF has a table about the tracks whereas ERATV
about the trains but both use related concepts such as the detection system. So how to query them ?
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ERATV ® s 8
I S e ... B
(U' - +91 @ ® ° with Vehicle X2
s o+ *
RINF RODF mapping Knowledge Graph

Figure 13: Query example flow

4.3Route Data
4.3.1 Railroad

The ERA registers also contain detailed information on the TEN-T rail routes throughout the European Union but
does not extend outside member states. Still, this can be an important source for extending coverage or rail
route information throughout the EU to 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/compatibility-check-demo/

Github repo:
https://github.com/julianrojas87/era-compatibility-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 you hover.

4.3.2 Maritime

The following section analyzes MarineTraffic APls 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 an interactive real-time Ul map and a number of available APIs. To use most of the features
of the real-time 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 take 1 credit per request, other 4, 8, etc..). List of credit prices is
here:

https://www.marinetraffic.com/en/online-services/marinetraffic-credits

All of the APIs and functionalities 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 fleets or all vessels within a fleet. An API for checking the remaining credits is also
available.

You are granted 100 free credits after registration. For details on the MarineTraffic AIS Data API, check Annex I:
MarineTraffic AIS Data API.

4.3.2.1 MarineTraffic Online Services

The Ul (Interactive real-time map) allows everything that is available from the APIs, plus:
We can create notifications for a vessel or a fleet that are triggered when:

Standard Periodic Reports
o Midnight position
o Noon position

Post-Related Events

Arrival
Departure
Docked
Undocked
ETA

O O O O O

Area-Related Events

o Crossed Strait or Passage
o Entered Area of Interest
o Left Area of Interest

o Custom Area — Crossed

Vessel Movement Status Updates

Speed below minimum

Speed above maximum
Stopped

Average speed below minimum
Changed course

Underway

O O O O O O

Vessel AlS Data Update

AIS Destination Changed
AIS Draught Changed
AIS ETA Changed

AIS Flag Changed

AlS Status Changed

AIS Name Changed

O O O 0 O O

MarineTraffic System-Related Events

o InTerrestrial Range
o Out of Terrestrial Range

Vessel-To-Vessel events

o Tug operation
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o Pilot Event
o Bunkering
o Vessel to Vessel Proximity
o Ship-to-Ship Transfer(STS)

Special events

o New Photo Uploaded
o Sailing in high winds
o 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 when its 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 looking at historical data or using
the built-in ETA APIl. What is also good is that MarineTraffic offers many alert events. Although there isn’t an
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 S0 upon activation and has a
10 days trial period. $270 dollars a year after that.

Datasets include:

Carrier statistics - shows cargo revenue, pax revenue, FTKs and cargo yields of different airlines
that are in the cargo business for the period 2019-2021

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

Change in global cargo traffic - for 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, technology, forwarders, etc

Summary:

The data in those datasets is mostly for ranking purposes and for this reason it's not so historical - most datasets
contain rankings for the last 1-2 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 IATA - International Air Transport Association

Website: https://www.iata.org/en/services/statistics/cargo-data/

Datasets include:
Cargo Country Statistics
o 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: No data for China-Poland in the sample dataset
0 Updated monthly
O Historical data from 2013, broken down by month
o Available as an excel file
O Sample data available for download
o0 12 month subscription costs $10000
Monthly Traffic Statistics

O Statistics calculated from a sample representing approx. 93% of global traffic — to ensure
an accurate reflection of the entire industry, including full-service and low-cost carriers,
IATA member and non-member airlines, mixed and cargo-only operators, global and
regional carriers

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

o Datadelivered in user-friendly Excel format — to give you the flexibility you need to build
your own reports

o0 No sample data available for download

0 12-month subscription ranges from S5k to $14,4k

CargolS
o IATA’s Cargo Accounts Settlement System (CASS)
This is a global billing system operated by IATA where airlines and freight forwarders
settle their transactions. This data source leverages billing data validated by both airlines
and freight forwarders and is therefore more accurate and reliable than any other data
source.
o 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
with a working group comprising 30 of the world’s largest cargo carriers and a growing
number of airlines are contributing their data, every month, ever since. The two data
sources are fully consolidated in CargolS so that you can access all data in a single
database.

o No sample available

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

Global System Solutions is a subscription 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, Twice-Monthly 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

Improve your commission payment and back-office operations
Perform targeted communication and business development activities

Pricing and sample data:
https://store.iata.org/IEC ProductDetail?2id=00000000751934& ga=2.1702526
40.1558083621.1631692467-1393256900.1631692467

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 S5k a year.

Summary: Worth possibly keeping in mind but not immediately clear if they can be useful.
4.3.3.4 Spire Aviation Solutions
Website: https://spire.com/aviation/get-started/
Worldwide flights

O 24-hour period — global coverage
O Satellite and terrestrial based tracking
o Downsampled to 15 mins between position updates

o Data Sample:
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umestamp can_address latiude fongiude collection_type aktude_bary speed heading callsgn source
20201203 000000 UTC ~ BAOS26 696465121 11093852076 satellite 17000 255 90 WONIIFME4
2020-12-03 00;00:00 UTC BAD3T0 -8.55633545  116.04257875 satellite 12325 320 130LNIGS4 FMB4
2020-120300:0000 UTC  BAOS16 441827280 100.87635119 satellite 34025 BTK625)FME4
2020-12.0300:0000UTC  AC1846 49.5181427 3591888428 satellite 000 466 260FDX3  FMB9
2020-12-03 00:00:00 UTC 4D010C 4523755607 -2827974645 satellite 36000 500 25 CLXETK FMBS
2020-120300:0000 UTC 240207 8.44729514 11805545005 satellite 13060 260 53 WON1S)FMBA
20201203 00:0000 UTC  BA044E 566239891 11598845065 satellie 3000 435 BIGIAG04 FMB4
2020-12-03 00:00:00 UTC 240812 5.12133996  117.2456202 satellite 35000 440 T5BTK5130FMB4
20201203 00:0000 UTC  BAOS18 -5.13517735 11670084985 satellite 38025 489 261BTKET2YFMB4
2020-120300:0000UTC  BAG3DB 553678351 116.99388175 satellite 37000 427 81BTKG1BIFMBA
2020-12-0300:0000UTC  BAOSIE 5,75400635 117 42797334 sateliie 35000 444 T1CTV3S0 FME4
2020-1203 00:0000 UTC  424B2C 5381087 -27.77924455 satellite 41000 FM30
2020-120300:0000 UTC ~ BAO236 -8.6060415 12063551804 satellile 8675 267 b FME4
2020-120300:0000 UTC ~ AE1165 5055610443 -16.99777964 satellile 35000 FMBS
2020-120300:0000 UTC 840247 -4.40634274 10922010493 satellite 35000 GIASSD FME4
2020-120300:0000 UTC ~ ABIFTB 46.52664185 -27.81075082 satellile 35000 497 251 UPSH20+FMBS
20201203 00:0000 UTC ~ BAGZID 369662476 113 86169651 satellite 13850 361 5% FMB4
2020-1203 000000 UTC  ABC299 £0 63637944 -97 27775574 satellie 000 %0 145 N5636S FM115
20201203 00:0000UTC  AT6DF1 4597503662 -30.4400837 satellite 34000 490 265UPS214 FMBS
20201203 000000 UTC ~ BAO3CE 353317519 112 94855261 satellite 15000 FMB4
2020-12-0300:0000UTC  ATCB7 47.00639941 4021998595 satellite 32080 472 2T2 FDXS02YFMBS
20201203 00:0000 UTC ~ BAG3IC B.77688500 11826777571 satellite 4975 450 104LNI694 FMB4
20201203 000000 UTC ~ AG7A3C 33448563 95534338 terrestnad %975 280 ZBINTIKG
2020-12-03 00:00:00 UTC A4CBEF 4584025651  -22 43250275 satellite 34000 FDX5ZDFMES
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Figure 14: Data sample Spire aviation solutions
o Field descriptions
Field Type Description ’ Example
callsign string Call sign ‘RAM200"
Hexadecimal representation of
icao_address string ICAQ 24 — bit address 02013F"
Latitude in degrees, between
latitude float -80 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 Alrcraft speed in knots 477.8
vertical_rate integer Vertical rate of ascent/descent 1020
squawk_code string Mode-A squawk code 6617
Figure 15: Field Descriptive data part 1
© PLANET, 2020 Page | 31




D2.7 EGTN Transport Data and Knowledge Models v1

Timesiamp Wwhen the message " ’ >
tmeaestamp timestamp was received by ads-b receiver 2019 06-06T07:55:25Z"

SOUrOS string 'B;:J:L.‘Lo‘:;‘l”mnnmni; FM value “FMBaT

Ingestion_ Hrres trrrostarrp Im:‘?;“lﬁm::‘amm SO “2012-06-06TO7 55.252"
collection_type string Collection type “satollite” or “terrostrial”
lcao_actype string Alraraft type (ICAO code) B|an7r

tall _numbar atring Aldrcrafl registration "AB-EEQ"

fMlight_number steirg Fhght numbar (IATA faormat) "WNGOO2*
ongin_airport_scao string Ongin alrport ICAO code EHAM"
destination_alrport Gao steing Destination alrport ICAO code wKDTWT

schoeduled deoparture time_utc Hmestamp 'S;c'het:t.‘nlso“d‘ ?g?)ngé.(f’: tme, F2019.06-056TO7 5652062
scheduled _departure_times_locasl tirmestormp 's:r':‘egu:l:g‘ ?g‘gggg‘: thvie, “2018-06-06T07 5526
sehaduled_atrival_time_ulc tirmestarn g",’g‘g““’df"“"" tme, format o 519-06-06T07:55.25"
scheduled_arrival_time_local tmestamp  oneduled arfval ime, format  5619.06-06T07 56:23°
astimated amival _time _utc timeastamp ﬁc.';”c‘;‘ggg.“"w“' tme. format "2019-06-06TO7 :57.22"
estimated _amval_time local tmostamp lssclgg‘g;gfrmm Khtwgy Frshd 2019 06.08TO7:57:217

Figure 16: Field Descriptive data part 2

Track a region specific airline
O 24-hour period — European region
o Satellite and terrestrial based tracking
o Downsampled to 5 mins between position updates
Track a single flight
o Data for an entire flight path
o Satellite and terrestrial based tracking
Data plans:

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

The aviation plan claims to have a historical API.

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 region of interest so we can demonstrate the initial functionality to partners without needing to first
purchase access.

4.3.3.5 Champ
Cargo Management Applications
o Cargospot Airline
Supports real-time data
data can be downloaded in a csv/excel format
o Cargospot APIs
Forwarders 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
Check-in shipment
Pick-up shipment from warehouse
Accept shipment
Offload container
Buildup flight
Manifest flight
Accept container
Check-in container
The APIs provide data for the air cargo supply chain.
Weight & Balance

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

Cargospot Revenue

o Cargo revenue accounting system that’s fully integrated with our other solutions to help
you enhance productivity, improve cash flow and boost billing performance.

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 to start if looking for a specific movement from the supply chain or the whole.

4.3.3.6 Conclusion

There’s plenty of resources for different use cases. Probably the best overall is ‘Champ’ and one should start with
it since it offers data for operations about the whole supply 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 and Actual 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
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4.4.1 Relevant Standards and Ontologies

Semantic representation 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 noteworthy ontologies are briefly discussed below:

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

The conclusion of the analysis of available datasets is that OTN present the best fit to our 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 even micro-level city route
descriptions.

4.4.2 China-Poland 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 China-Poland route
with corresponding approximations for transit time, timetables and train composition.
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Figure 17: China Poland Route visualization

The high-level description of the physical route segments was provided in free text format by our partners. Our
function was to select the correct 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 are 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 details for the resulting composition. This will be important for ETA/ETD
calculations and estimation

4.5Weather 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 subscription 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) Ontology [4] is based on the SSN Ontology by the W3C
Semantic Sensor Networks Incubator Group (SSN-XG), together with considerations 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 data collected
by meteorological stations.
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Figure 18: 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 weather advisories 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 suite at weather 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, tying weather stations 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 euros per month allows 25k requests per day.

Information about other pricing offers: https://stormglass.io/pricing/

The APl works this way: latitude and longitude are specified along with params list with the desired values to be
retrieved

Example:

-H "Authorization: example-api-key"
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{
"data": [
{

"time": "2018-01-19T17:00:00+00:00",

"airTemperature": {
"smhi": "-2.6",

L

"waveHeight": {
"noaa": 2.1,

"meteo": 2.3,

}I

}

15

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

"requestCount": 1

Note: this is a forecast API - it returns this values on a daily basis

Values you can retrieve via params:
Time
Air temperature
o Onsurface
O 80m above surface
o 100m above surface

o At 1000hpa

o At 800hpa
o At 500hpa
O At 200hpa

Air pressure
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Cloud cover
Current direction
Current speed
Wind gust
Humidity
Ice cover
Precipitation
Snow Depth
Sea level
Swell
O Height
o Period
o Secondary Period
o Secondary Direction
o Secondary Height
Visibility
Water Temperature
Wave
o Direction
0 Height
o Period
o0 Wind wave direction, height and period
Wind direction
o Atground level
0 At 20m height
o At 30m height
0 At40m height
o At 50m height

The same data providers also offer a historical API - just set the start and end parameter but the
maximum length of the response will be 10 days from start.

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 depends
on the use case.

4.5.3 World Meteorological Organization

Source: https://climatedata-catalogue.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

The search works by providing ‘station with a name containing’. Stations nearby and in the region can also
be filtered. After that, a number of years of historical data is selected.

Example:

Searching for stations that contain ‘Valencia’ as a name with a precipitation having at least 1 year if historical
data, this can be found:

VALENCIA (Spain)

coordinates: 39.48N, 0.37E, 11.0m
GHCN-D station code: SPO00008416
WMO station: 8285

Found 85 years of data in 1937-2021

300 T T T ) T = T 1 T
precipitation VALENCIA (SPO00008416)

250 + ‘ 1

200 =

150 | ‘ .

PRCP [mm/day]

100 -

50 +

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

Figure 19: Histogram - Precipitation

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

The time series can be manipulated:
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Figure 23: Precipitation Valencia

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

Since the data is taken from global-historical-climatology-network-daily (ghcn), here is the long
list of stations available:

https://www.ncei.noaa.gov/pub/data/ghcn/daily/ghcnd-stations.txt

Note: WMO doesn’t have info about every station in the list. HTTP error code returned if this is
the case.
Daily Station Data

O Minimum temperature (first diagram)
https://climexp.knmi.nl/data/ngdcn{GHCDN CODE}.dat

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

Example: https://climexp.knmi.nl/data/ngdcnGME00128146.dat

Annual cycles, computed with all data available (second diagram)
https://climexp.knmi.nl/data/ngdcn{GHCDN CODE} vyr.txt
example: https://climexp.knmi.nl/data/ngdcnGMEQ0128146 _ yr.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/ngdcnGMEQ00128146 a.txt

o0 Maximum temperature - Analogically (just different base)
https://climexp.knmi.nl/data/xgdcn{GHCDN CODE}.dat
Example: https://climexp.knmi.nl/data/xgdcnSP000008416.dat
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Annual cycles, computed with all data available (second diagram)
https://climexp.knmi.nl/data/xgdcnSPO00008416  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/pgdcnRSM00027612.dat
https://climexp.knmi.nl/data/pgdcn{CHCND CODE} yr.txt
https://climexp.knmi.nl/data/pgdcnRSM00027612  yr.txt

https://climexp.knmi.nl/data/pgdcn{CHCND CODE} a.txt
https://climexp.knmi.nl/data/pgdcnRSM00027612 a.txt

Other Variables - Analogically

Summary: This is a good source 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 forecast the weather and track maritime and aviation related operations.

In particular, Spire provides the following weather bundles:

Core variables

(@)

(@)

o

o

Temperature

Dew Point temperature
Relative humidity

Wind speed & direction
Wind gust speed

Maximum Wind Gust Speed
Mean sea-level pressure
Total Precipitation

Min and Max temperature

Cloud cover

Precipitation Variables:

o

o

o

o

Precipitation Type
Maximum Precipitation Rate
Total Snowfall

Snow Depth

Thunderstorm Variables

o

o

CAPE
CIN

Data Formats: GRIB (for global or large areas) and JSON (for specific coordinates or small areas)

Offers both Historical & Forecast data
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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

Figure 24: 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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Figure 25: 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 historical & forecast data. It is
possible that the data has more quality since it is paid but this is to be determined.

4.5.5 Conclusion

Rich databases with useful features for historical and forecasting weather use cases. Probably the richest
is WMO in which one can find most 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 requests are 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 state of the 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 contains a list of 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.

id: /soml/EGTN

label: "EGTN Semantic Object Model"
creator: http://ontotext.com
versionInfo: 1.0

prefixes:
epcis: https://ns.gsl.org/epcis/
gsl: https://gsl.org/voc/
cbv: https://ns.gsl.org/cbv/
dct: http://purl.org/dc/terms/
owl: http://www.w3.0rg/2002/07/owl#
rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
rdfs: http://www.w3.0rg/2000/01/rdf-schema#
skos: http://www.w3.0rg/2004/02/skos/core#
specialPrefixes:
base iri: http://h2020-planet.eu/resource/
ontology iri: http://h2020-planet.eu/ontology/
vocab iri: http://h2020-planet.eu/resource/

Figure 26: Semantic object model example

Above we can see the 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 semantic 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 other parts of the graph or external data sources .

Now let’s see an overview of the conceptual pieces of the data model as it currently exists. These roughly
correspond to a type of data or data source each but are not completely independent as no part of the graph is
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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5.2 EPCIS Objects

# EPCIS Objects
Document:
type: [epcis:EPCISDocument]
props:
created: {range: datetime, rdfProp: dct:created}
body: {range: EventlList, rdfProp: epcis:epcisBody, min: 1, max: infﬂ
Event:
kind: abstract
props:
action: {rdfProp: epcis:action, min: 1}
time: {range: dateTime, rdfProp: epcis:eventTime, min: 1}
location: {range: iri, rdfProp: epcis:bizlocation}
step: {rdfProp: epcis:bizStep}
disposition: {range: iri, rdfProp: epcis:disposition}
readPoint: {range: iri, rdfProp: epcis:readPoint}
ObjectEvent:
inherits: Event

Figure 27: EPCIS object example

Per specification, each valid EPCIS 2.0 json file contains a top-level EPCISDocument object which contains one or
more lists of events and each list contains one or more events. Here we can see that we have modelled the
connection from the EPCISDocument object to an array of at least one EventList objects and from those to one
or more Event objects each. There is also an abstract Event object that defines common properties shared
between all different events according to the EPCIS 2.0 specification such as the mandatory action and time fields
or the optional readPoint field. There are also specific kinds of event such as ObjectEvent, AggregationEvent and
so on which inherit the properties of the abstract Event but each define some unique properties and have their
own type.

Beyond that the model can be extended with objects for sensors, sensor readings, quantities, business
transactions, goods, companies and so on. These have all been semantically modeled as part of the EPCIS 2.0
development in which we participated as described in the corresponding section earlier. However, for the
purposes of keeping this EGTN semantic model as simple to use as possible, pieces of the full EPCIS 2.0 modeling
are only being included as required. Currently that means including sensors and sensor readings to support the
output of EGTN loT Infrastructure. Further pieces are only going to be included in the model as they are required
by input data.
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5.3 Rail Objects
# Rail Objects
Vehicle:
type: [era:Vehicle]
props:
number: {rdfProp: era:vehicleNumber, min: 1}
series: {rdfProp: era:vehicleSeries}
manufacturingCountry: {range: iri, rdfProp: era:manufacturingCountry, min: 1}
VehicleType:
type: [era:VehicleType]

props:
category: {range: VehicleCategory,rdfProp: era:subCategory, min: 1}
VehicleCategory:
type: [era-vehicle-types:SubCategory]
props:
label: {rdfProp: skos:prefLabel, min: 1}
hraadar: franna: \lahirlalfatanarv rdfDran: cknc: hraadar mav: infl

Figure 28: Rail object example

The rail objects model is based on the ERA integrated dataset. Same as in the EPCIS case, we have so far only
included a portion of the overall ERA ontology that has been identified as useful for an existing PLANET use case.
Specifically, we have included the objects for vehicle, vehicle type and vehicle category. This corresponds to
identifying a specific locomotive (vehicle) and automatically getting information on its technical specification
(vehicle type) as well as its function within the composition (engine). This can be very useful input for expert
systems for inference of transit speed and greenhouse gas emissions.

5.4Route Objects

Based on the analysis of available standards and ontologies, we settled on basing the route description section
of the harmonized model on OTN.

Railway:
desc: A connected independent rail transit network
type: [otn:Railway]
props:
contains: {range: RailwaySegment, inverseAlias: partOf, max: inf}
RailwaySegment:
desc: A segment of a larger railway network
type: [otn:RailwayElement]
props:
startsAt: {range: Junction, rdfProp: otn:startsAt, min: 1}
endsAt: {range: Junction, rdfProp: otn:endsAt, min: 1}
areaL {}
part0Of: {range:Railway, min: 1}
RailwayJunction:

Aacr+ A ctatinn at whirh a rail canmant ctartec ar andc

Figure 29: Route Objects

The initial version of the model only includes the ability to model a rail network, specifically intended for the
railway network in the China-Poland overland route. We are modeling an overall Railway as a single object for
the whole China-Poland network, individual RailwaySegments and RailwayJunctions at which segments start or

© PLANET, 2020 Page | 47




D2.7 EGTN Transport Data and Knowledge Models v1

end. Segments also include information on the area which they cover while junctions have a type (such as border
crossing or train engine change) and location.

5.5 Weather Objects

WeatherStation
descr: A meteorological station supplying data to the WMO
type: sosa:Platform
props
hosts: (range: Sensor, rdfProp: sosa:hosts, max: inf}
Sensor
descr: Device hosted by a platform to carry out a measurement of a property
type: sosa:Sensor
props
observes: (range: ObservableProperty, rdfProp: sosa:observes, min: 1, max: inf)
observed: {range: Observation, rdfProp: sosa:madeQbservation, max: inf)
FeatureOfInterest
descr: A thing whose property 1s being observed, in our case the weather at a location at a given moment.
type: sosa:FeatureOfinterest
props

Figure 30: Weather object example

The weather-related objects of the model are based on the SOSA ontology discussed in that section. We have
omitted the part of the ontology that deals with sampling and modification as they are not relevant to the data
supplied to the WMO by weather stations. Currently, we have created implemented objects for the weather
station, the type of sensor used, the property being observed (e.g. temperature, wind speed), the thing being
observed (e.g. average daily value, minimum monthly value, hourly reading) and the actual value. Within the
model these are all tied together by an Observation object. This allows maximum flexibility in data querying and
pattern analysis.

Note that the current weather objects do not support forecasting behavior but there are straightforward steps
to extending the ontology in that direction should it become a requirement.
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6. Conclusion and Next Steps

This deliverable outlined the work done on developing a transportation knowledge model for the EGTN
Connectivity Infrastructure. A lot of our focus was on the exploration of existing ontologies, standards and data
types that have been identified as of interest to partner use cases. Of particular note are GS1 standards and EPCIS
specification which are used for representing the sensor data coming from the EGTN IloT Infrastructure. The
dataset inventory covered a number of modes of transport as we all route representation, timetables, weather
and climate data. As a concrete result of these analyses, we have completed the initial version of the harmonized
data model that describes the shape and intended contents of the knowledge graph.

The identification of data requirements was done in close work with living lab use case partners and is closely
based on their specific data needs. At the same time, the analysis and selection of data sources for these data
needs was carried out with quality, coverage, generalizability and extendibility as major deciding factors. That is
why

the weather model and data source support global coverage of historical data, alerts and forecasting
the loT sensor readings can handle both version of the global standard
the EPCIS model can extract deeply imbedded information from the events when available

Rail and route models are based on leading global ontologies for representation making ingestion of
further data sources of these kinds as easy as possible

The work described in this deliverable feeds directly into the implementation decisions described in PLANET D2.5
on the EGTN Connectivity Infrastructure but it is in essence a blueprint for implementing such a system in the
general sense. The model seamlessly defines the steps for data integration and exploitation from the micro to
the macro level and is easily generalizable to other use cases in the field of transportation and logistics.

Further work in ST2.2.3 will focus on refining and expanding the harmonized data model as well as data source
analysis for additional types of data. On the modeling front, next steps involve extending the route and vehicle
objects to support air and sea transportation. On the data inventory front, we will finalize the decision on the
source of maritime transportation data and continue the search for a good source of flight routes and timetables.
There is also work on creating connections between EPCIS event readPoint and route node identifiers.
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Annex I: TDS Identifiers

The table below shows all kinds of TDS identifiers and includes a mapping of these identifiers to GS1 WebVoc
classes, as proposed in EPCIS 2.0 (see description of these standards in further sections).

Table 2: Mapping of TDS identifiers to WebVoc Classes

EPCid EPCIdentifier GS1 Voc class

GTIN Global Trade Item Number gsl:Product

LGTIN  Batch/Lot + Global Trade Item Number gsl:ProductBatch
SGTIN Serialised Global Trade Item Number gsl:IndividualProduct
UPUI Unit Pack Identifier gsl:IndividualProduct
ITIP Individual Trade Item Piece gsl:IndividualTradeltemPiece
CPI Component / Part Identifier gsl:Component

GDTI Global Document Type Identifier gsl:Document

SGCN  Serialised Global Coupon Number gsl:Coupon

GIAI Global Individual Asset Identifier gsl:IndividualAsset
GRAI Global Returnable Asset Identifier gsl:ReturnableAsset
SSCC Serial Shipping Container Code gsl:LogisticUnit

GINC Global Identification Number for Consignment gsl:Consignment
GSIN Global Shipment Identification Number gsl:Shipment

PGLN  Global Location Number of Party gs1:0Organization
GSRN Global Service Relation Number - Recipient gsl:ServiceRecipient
GSRNP Global Service Relation Number - Provider gsl:ServiceProvider
SGLN  Global Location Number With or Without Extension gsl:Place

GMN  Global Model Number gsl:ProductModel

The following more "exotic" identifiers are used less often, and their mapping to semantic classes is not yet
decided:

Table 3: Seldomly used identifiers

EPCid EPC Identifier GS1 Voc class

BIC BIC Container Code gs1:ShippingContainer
IMOVN IMO Vessel Number gsl:MarineVessel
SRIN Service Relation Instance Number gsl:Servicelnstance
GID General Identifier gsl:IndividualObject
ADI Aerospace and Defense Identifier gsl:Component
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USDOD US Department of Defense Identifier gsl:IndividualObject

Annex I: GPS Structure

GPC has a comprehensive structure consisting of:

A 4-level hierarchical thesaurus where the levels are named Segment> Family> Class> Brick, consisting
of 6,073 items
An attribute-value system consisting of 13284 items that further qualifies product classes

By using both of these mechanisms we can describe goods or services in a very precise way. For example, "dried
and aged testicles of wild Bison" can be described using the following 10 GPC codes:

Segment 50000000 Food/Beverage/ Tobacco

Family 50240000 Meat/Poultry/Other Animals

Class 50240100 Meat/Poultry/Other Animals - Prepared/Processed

Brick 10005768 Bison/Buffalo — Prepared/Processed

Attribute Type 20002688 Anatomical Form: Attribute Value 30002433 TESTICLES
Attribute Type 20002677 Non-Thermal Preservation: Attribute Value 30013615 DRY AGED
Attribute Type 20000163 Source: Attribute Value 30013603 WILD/WILD CAUGHT

SIR has promoted the importing and coreferencing of GPC into Wikidata:

Property proposal with detailed explanation with examples:
https://www.wikidata.org/wiki/Wikidata:Property proposal/GS1 GPC brick code#GPC Scope and St
ructure

Wikidata property: https://www.wikidata.org/wiki/Property:P8957
Counts as of 18 December 2020:
o 6,073, applies to part "thesaurus"
o 13,284, applies to part "Attribute-value system"
Property examples illustrating all data elements: https://www.wikidata.org/wiki/Property:P8957#P1855
o thesaurus (e.g. "television set" that is represented by several thesaurus elements),
o attributes (e.g. gender, is a remote control included),
o attribute values (e.g. Baden (geography), female, unisex (gender), etc)
Conversion script to Wikidata Mix-n-Match TSVs: https://github.com/VladimirAlexiev/gs1-gpc
Mix-n-Match catalogs:
O Hierarchical thesaurus: https://mix-n-match.toolforge.org/#/catalog/4062
o Attribute Values: https://mix-n-match.toolforge.org/#/catalog/4063

Because Wikidata is an encyclopedic dataset whereas GPC is intended to also represent various trade items (eg
"variety packs" and "other" modifications, the mapping is not one-to-one. E.g. all the GPC codes below are
mapped to the same Wikidata item television set (Q8075):

68010100 Televisions (GPC class)

10001400 Televisions (GPC brick)

10001405 Televisions Other (GPC brick)
10001403 Televisions Variety Packs (GPC brick)
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Annex I: GS1 WebVoc

The GS1 Web Vocabulary standard is an ontology with namespace and Linked Data representation at
https://www.gsl.org/voc/ (available as RDF Turtle and JSON-LD), usually prefixed as gs1:. The current version is
1.5.1 of 2021-09-22. It is strongly inspired by schema.org (see blog GS1 Web vocabulary: welcoming the first
schema.org external extension of 2016-02) and extends it with a large number of trade-specific terms:

44 classes such as Product (with subclasses such as Seafood and WearableProduct), Organization, Place,
Country, and a number of code lists

251 object and 164 datatype properties, such as acceptedPaymentMethod, expirationDate,
additionalOrganizationldentificationTypeValue

47 type codes (code lists) such as AllergenTypeCode (for food), UpperTypeCode (for footwear)

60 link types for GS1 Digital Link

WebVoc is used by application standards described in further sections: Smart Search, Digital Link, and EPCIS 2.0.
Itis used in EPCIS 2.0 for the following:

Semantic classes that correspond to various TDS identifier types

Enriched CertificationDetails and related properties

Particular code lists such as MeasurementType (eg Temperature, Mass: for sensor readings) or
NutrientBasisQuantityCode (By Serving, By Measure)

Master data served as a particular Digital Link type: gsl:masterData

WebVoc issues and suggestions can be made at https://github.com/gs1/WebVoc. SIR has contributed a
significant number of issues (see issues created by Vladimir Alexiev), as well as to the first three items in the list
above.

Annex I: GS1 Smart Search

GS1 Smart Search is a way to make products and locations visible in search engines. It uses JSONLD markup using
WebVoc, allowing search engines to recognize the trade-specific elements of web pages.

The current version is GS1 SmartSearch standards 1.6.

The GS1 SmartSearch Implementation Guideline provides best practices for exposing GTIN (product) and
GLN (organization) info on the web.

The GS1 Web Markup tool is a Smart Search demo that generates JSONLD about retailers, manufacturers
and their products, based on a simple form, using the GS1 WebVoc e.g. below is a simple RDF graph
about SIR (Ontotext AD) generated with this tool; the diagram itself is made with SIR's rdfpuml? tool.

2 RDF by Example: rdfpuml for True RDF Diagrams, rdf2rml for R2RML Generation. Alexiev, V. In Semantic Web in Libraries
2016 (SWIB 2016), Bonn, Germany, November 2016. slides html video
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https://github.com/gs1/WebVoc
https://github.com/gs1/WebVoc/issues/created_by/VladimirAlexiev
https://www.gs1.org/standards/gs1-smartsearch
https://www.gs1.org/standards/gs1-smartsearch/1-6
https://www.gs1.org/standards/gs1-smartsearch/guideline/gtin-web-implementation-guideline
https://www.gs1.org/1/smart-search-demo/
http://rawgit2.com/VladimirAlexiev/my/master/pres/20161128-rdfpuml-rdf2rml/index.html
http://rawgit2.com/VladimirAlexiev/my/master/pres/20161128-rdfpuml-rdf2rml/index-full.html
https://youtu.be/4WoYlaGF6DE
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Figure 31: RDF graph about SIR (Ontotext AD) generated with GS1 Web Markup Tool

Annex I: GS1 Digital Link

GS1 Digital Link is an application of Web URL principles to expose various kinds of info and data about products
and other GS1 entities (eg Organizations and Places) on the web using "linkType", language and content
negotiation. Currently 60 link types are defined by GS1 WebVoc, ranging from Product Information Pages to
Activity ldeas to Allergen Information to RDF Master Data. See the following standards documents (latest
versions are listed, some of them are in development or in public review):

GS1 Digital Link compression (2020-11, draft 0.5 to Be 1.2)

GS1 Digital Link resolution (2020-10-29)

GS1 Digital Link semantics (2020-11, draft 0.5 to Be 1.2)

GS1 Digital Link Standard i1.1

GS1 Digital Link URI Syntax R1-2_2021-01-16

GS1 Digital Link Implementation Guide (Global Edition) R1.0.1 2015-11
GS1 Digital Link GS1 US Implementation Guide, R1.1, 2021-01
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https://www.gs1.org/standards/gs1-digital-link
https://www.gs1.org/voc/?show=linktypes
https://www.gs1.org/standards/development-work-groups/public-reviews#DL_Public-Review-2-2020
https://www.gs1us.org/documents?Command=Core_Download&EntryId=2117
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Download the GS1 Digital Link demo app

Scan for Andriod phone

Figure 32: GS1 Link demo

GS1 Digital Link factsheet (2019)
https://gsl.github.io/DigitalLinkDocs/ : implementation guidelines

11 Transferable Principles from GS1 Digital Link describes the construction and hierarchical nature of

Digital Link URLs, additional URL parameters (linkType being the most important), additional HTTP
headers (language and content type) and the special role of the GS1 Resolver
A history of the ideas in GS1 Digital Link
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Annex I: Technical Artefacts

The formal text of the standards
Document EPCIS 2.0 Semantics that describes the EPCIS and CBV ontologies as the vocabularies defining
allowed classes and properties and their meaning (definitions, domains, ranges). It covers the following

topics:

(@)
(@)
(@)
O
O

O
O

Availability of these ontologies in various formats through content negotiation

An EPCIS ontology diagram

The EPCIS and CBV ontologies, in particular class hierarchy and property lists

The use of RDFS (Resource Description Framework Schema), OWL (Web Ontology Language),
and schema.org constructs in these ontologies

Mapping of different TDS identifier kinds to RDF classes

EPCIS interplay with other GS1 semantic standards: GS1 Web Vocabulary and GS1 Digital Link
Special semantic topics: validation, inference, named graphs

A sheet with proposed:

()
(@)

Mapping of EPC/TDS identifiers to GS1 WebVoc classes
Additions to GS1 class hierarchy

GitHub resources:

o

O O O OO

o

© PLANET, 2020

XSD: XML schema
XSL: up-conversion from 1.2 to 2.0 and down-conversion from 2.0 to 1.2
XML: 36 XML examples
REST Bindings: EPCIS service APls using the OpenApi Specifications 3.01
JSON-Schema: to check validity of JSON files
epcis-context.jsonld and epcis-context-simple.jsonld: JSONLD context to convert JSON to RDF:
two independently developed variants, allowing cross-check of context quality, will be merged
later
JSON, JSON-simple-context: 54 JSON examples (pairs that use the two context variants)
Ontology: EPCIS and CBV ontologies and RDF SHACL shapes (the latter are still in development)
Turtle, Turtle-simple-context: 49 RDF Turtle examples made automatically from the JSON
examples (pairs that use the two context variants)
Turtle-diff: difference
Diagrams: 56 example RDF diagrams automatically generated from JSON-simple-context, then
Turtle-simple-context, using SAl's rdfpuml tool
(part of https://github.com/VladimirAlexiev/rdf2rml).
Some sensor examples:
SensorDataExamplel7.png shows readings of 3 Mass values (in KGM), further
qualified by a custom property "feature", eg product (net) vs packaging (tare) vs
total (gross) weight
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https://docs.google.com/document/d/17A4vAoezxcPg-5b9IpEDUox4Ons7yTji5jroOdb9QO0/edit
https://docs.google.com/spreadsheets/d/19lseUd1kHiz48VNtrHXy6kafLTlNzS1GsaYiBqdT4UA/edit#gid=0
https://docs.google.com/spreadsheets/d/19lseUd1kHiz48VNtrHXy6kafLTlNzS1GsaYiBqdT4UA/edit#gid=1750018222
https://github.com/gs1/EPCIS/blob/master/epcis-context-simple.jsonld
https://github.com/VladimirAlexiev/rdf2rml
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a epcis:EPCISDocument
decterms:created "2021-04-27T15:00:00+01: 00"~ ~xsd: dateTime
owl:versioninfo "2"

epcis:epcisBody

A 4

)

epcis:eventList

4
<nifffsha-256;e1f630b9c84c84020ebobc73f082324a420f4472dd6cl dedblflab88ea279f24%ver=CBV2.0>

a epcis: ObjectEvent

epcis:action "OBSERVE"

epcis:bizStep cbv:BizStep-sensor_reporting

epcis:epclist <https:/id.gsl.0rg/01/09506000134352>
epcis:eventTime "2021-04-27T15:00:00+01: 00"~ ~xsd: dateTime
epcis:eventTimeZoneOffset "+01. 00"

epcis:sensorElementList S epcis:readPoint

<https:jfid.gs1.org/414/9506000134307>

epcis:sensorReport |epcisi:sensorReport epcis:sensorReport

epcis:measurementType gsl:Mass epcis:measurementType gsl:Mass epcis:measurementType gsl:Mass
epcis:uom "KGM" epcis:uom "KGM" epcis:uom "KGM"

epcis:value 2.6E1 epcis:value 1.0EQ epcis:value 2.5E1

examp:feature "ex:total" examp:feature "ex:packaging” examp:feature "ex;product”

Figure 33: Sensor Data Example

SensorDataExamplel.png shows a complex series of sensor readings where 4
measures are taken at each time point (2 are shown below, see the
sensorReport nodes). sensorMetadata is used to specify common data that
applies to all reports: time, devicelD (GIAIl asset dentifier), etc

—

epcis;sensorMetadata epcis:devicell <urn:epc:id:giai:4000001.111>

. epcis:deviceMetadata <https://id.gs1 org/giai/4000001111>
) B B =G 2 epcis:rawData <https:jfexample.org/giai/401234599595
epcis:time "2015-04-02T14:55:00.0004+01:00"~"x=d:dateTime

_,_,—'—'—'_'_'_'_'_

]

epcis:sensorReport |epcis:sensorReport epcis:sensorReport

Y
epcis:measurementType gsl Speed epciz:measurementType gsl:Humidity
epcisiuom "KMH" epcis;uom "AS3"
epcisivalue 1.62E2 epcis:ivalue 1.22E1
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Figure 34: Sensor Data Example - part 2

https://tools.openepcis.io/ : tools to facilitate migration to EPCIS 2.0, including:
o Document/Event Converter: Convert EPCIS documents/events between XML and JSON-LD
format
o Identifier Converter: Convert Instance/Class identifier between URN and WebURI format.
0 Hash Generator: Generate Event Hash for EPCIS document in XML/JSON-LD format.
o0 Document Version Converter: Convert EPCIS XML documents between 1.2 <-> 2.0 version.

Annex I: Web Functionalities
Note: in order to use the below functionalities, you should create an account and login.

1. Route calculation
allows the User to find and calculate a route based on the Railway network

Endpoint:
https://rinf.era.europa.eu/RINF/Search/MapRouteView

This is how we can see the route Sofia-Burgas-Varna.

LIS

Figure 35: Route Sofia-Varna-Burgas

After that, we can export the route as xml or excel. For example, the route (Sofia-Varna-Burgas) in excel format
looks like this:
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Figure 36: Excel example of export

It contains all the stations between the operational points with their info.

2. Visual representation

Endpoint:

https://rinf.era.europa.eu/RINF/Search/MapViewWithCountries

ne am o anse

-t am s

I R © 1 o 1 s T v ]
UoPID Type Geographical Location  Validity Date Start  Validity Date End |
BG16000 passenger terminal 42,7122000 +23,3212000 17.04.2015 10.12.2020
BG16003 freight terminal 42,66888000 +23,3759000 01.10.2015 01.10.2020
BG16005 station 42,6046000 +23,4127000 10.12.2016 01.10.2020
BG16010  junction 42,6525000 +23,4697000 10.12.2016 01.10.2020
BG16908  small station 42,6904000 +23,5344000  01.10.2015 01.10.2020
BG32010 station 42,7055000 +23,6322000 01.10.2015 01.10.2020
BG32013 small station 42,7156000 +23,7567000 01.10.2015 01.10.2020
BG32015 small station 42,6898000 +23,8035000 01.10.2015 01.10.2020
BG32016 small station 42,7133000 +23,8620000 01.10.201% 01.10.2020
BG32018  small station 42,7036000 +23,9968000 01.10.2015 01.10.2020
BG32019 passenger stop 42,6982000 +24 0765000 01.10,2015 01.10.2020
BG32020 station 42,7161000 +24,1266000 01.10.2015 01.10.2020
BG32021 station 42,7101000 +24,1738000 01.10.2015 01.10.2020
B8G32022 small station 42,7290000 +24,2472000 01.10.2015 01.10.2020
8G32023 small station 42,7001000 +24,3392000 01.10.2015 01.10.2020
BG32024  small station 42,6955000 +24,4213000 01.10.2015 ©1.10.2020
BG32025 small station 42,6906000 +24,4624000 01.10.2015 01.10.2020
BG32030 small station 42,7128000 +24,6075000 01.10.2015 01.10.2020
BG32034 small sxation 42,6417000 +24,7424000 01.10.2015 01.10.2020
BG32040 station 42,6318000 +24,68050000 ©1.10.2015 01.10.2020
BG32041 small station 42,6015000 +24,8935000 01.10.2015 01.10.2020
BG32043  small station 42,5964000 +25,0042000 01.10.2015 01.10.2020
BG32046 small station 42,6392000 +25.0903000 01.10.2015 ©1.10,2020
BG32052 small station 42,6458000 +25,2231000 01.10.2015 01.10.2020
BG32054 small station 42,6592000 +25,3025000 01.10.2015 01.10.2020
BG32056 station 42,6140000 +25,3930000 01.10.2015 01.10.2020
BG32057 small station 42,5885000 4254748000 01.10.2015 01.10.2020
B8G34000  junction 42,5721000 +25,5545000 10.12.2016 ©01.10.2020
BG34001 station 42,6140000 +25,6376000 10.12,2016 01.10.2020
BG34004 small station 42,6539000 +25,8143000 01.10.2015 01.10.2020
BG34006 small station 42,6953000 +25,68985000 01.10.2015 01.10.2020
BG34008 small station 42,6801000 +26,0269000 01.10.2015 01.10.2020

allows the User to view the visual representation of RINF data (for example the bigger picture of a country’s

railway structure) on the map. The User may click on an OP (blue dots) or a SoL (black lines connecting OPs) on

the map and a pop-up will be displayed containing its brief information.

ST [T
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Figure 37: Visual representation of RINF data
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o

Figure 38: Visual representation of RINF data
3. Search RINF data
allows the User to search for RINF data - OPs (Operational Points) or SoLs (Section of Lines)

Endpoint:
https://rinf.era.europa.eu/RINF/Search

Example:

Search for all operational points in Bulgaria that serve for freight terminal:
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e

Figure 39: Operational point in Bulgaria(freight terminals)

As we can see, we can filter by country, NYA, type of OP, Validity Date Start, Validity Date End, etc...

Result:

Figure 40: Result from the search

There are 2 more available functionalities but are not accessible by a standard user:
1) Data Management —for managing the datasets (available only to NRE Users)

2) RINF Datasets Management — for creating, editing and viewing the RINF datasets (available only to NRE
and IM Users)

4. API

A Postman collection available with all requests the API provides.

In order to use the API, you have to make a RINF account from its official page:
Official page:
https://rinf.era.europa.eu/rinf

Accessing and using the APl is described in detail here:
https://rinf.era.europa.eu/APl/Help/More
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List with available APl endpoints:
https://rinf.era.europa.eu/API/Help

NOTE: As a standard user (neither IM nor NSE), you are allowed to use every API in the list from the link above
except for the “Certificates” and “DataManagement” API

a. GET BorderPoints

Endpoint:
https://rinf.era.europa.eu/Api/BorderPoints

Returns the list of existing agreed national border points ->

"Name": "EU00001",
"OP1": "lhrhove",
"OP2": "Nieuweschans",
"Latitude": 53.189,
"Longitude": 7.21112,
"MemberStatel": {
"Code": "DE",
"Name": "Germany"
h
"MemberState2": {
"Code": "NL",

"Name": "The Netherlands"

{
"Name": "EU00002",

"OP1": "Bad Bentheim",
"OP2": "Oldenzaal",
"Latitude": 52.3105,
"Longitude": 7.04085,

"MemberStatel": {

"Code": "DE",
"Name": "Germany"
h
"MemberState2": {
"Code": "NL",

"Name": "The Netherlands"
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Figure 41: GET BorderPoints Example

b. GET OperationalPoints

Endpoint: https://rinf.era.europa.eu/Api/OperationalPoints

¢. GET Operational Points by ID
We can also get a specific OP if we provide its keyID and its keyVersionID like that:

https://rinf.era.europa.eu/Api/OperationalPoints?keyID=2&keyVersion|D=138

d. Get Routes From-To
In the same way as the Route Calculation tool above, we can fetch the route data between points.

Endpoint:
https://rinf.era.europa.eu/Api/Routes/From/{from}/To/{to

Example for Sofia-Varna Route: https://rinf.era.europa.eu/Api/Routes/From/Sofia/To/Varna

"Nodes": [
{
"Node": {

"OperationalPoint": {
"RailwayLocations": [],
"TafTAPCodes": [],
"OPRules": [],
"OPTracks": [],
"ID": h
"VersionID": 3
"Name": "SOFIA",

"Type": "passenger terminal”,
"Country": "Bulgaria",
"ValidityDateStart": "2015-04-17T00:00:00",
"ValidityDateEnd": "2020-12-10T00:00:00",
"Latitude": ,
"Longitude": ,
"UOPID": "BG16000",
"OPTypeGaugeChangeover": "Not provided"
b
"Name": "SOFIA",
"Type": "passenger terminal”,
"Country": "Bulgaria",
"UOPID": "BG16000",

"Latitude": 3

"Longitude":

"Geometry": {
"Geography": {
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"CoordinateSystemld": ,
"WellKnownText": "POINT (23.3212 42.7122)"

"Node": {
"OperationalPoint": {
"RailwayLocations": [],
"TafTAPCodes": [],
"OPRules": [],
"OPTracks": [],
"ID": b
"VersionID": b
"Name": "PODUJANE-PATNICHESKA",
"Type": "station",
"Country": "Bulgaria",
"ValidityDateStart": "2016-12-10T00:00:00",
"ValidityDateEnd": "2020-10-01T00:00:00",
"Latitude": b
"Longitude": b
"UOPID": "BG16001",
"OPTypeGaugeChangeover": "Not provided"
h
"Name": "PODUJANE-PATNICHESKA",
"Type": "station",
"Country": "Bulgaria",
"UOPID": "BG16001",
"Latitude": b
"Longitude":
"Geometry": {
"Geography": {
"CoordinateSystemld": .
"WellKnownText": "POINT (23.3545 42.698)"

Figure 42: GET Routes from-to example

e. Get Routes Localize

Endpoint:

https://rinf.era.europa.eu/Api/Routes/Localize/{name}

Example (Localizing Varna):
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"OperationalPoint": null,

"Name": "VARNA",

"Type": "station",

"Country": "Bulgaria",

"UOPID": "BG29030",

"Latitude": b

"Longitude": )

"Geometry": {

"Geography": {

"CoordinateSystemld": b
"WellKnownText": "POINT (27.912 43.1983)"

Figure 43: Get Routes Localize Example

f. GET SectionsOfLine

FelelolollsiMnttps://rinf.era.europa.eu/Api/SectionsOfLing|

{
"@odata.context": "https://rinf.era.europa.eu/APl/Smetadata#SectionsOfLine",
"value": [
{

"ID": 2,

"VersionID": ,

"solName": "Oslo S (delstr.) stasjon - Bryn stasjon",

"Country": "Norway",

"Length": b

"ValidityDateStart": "2018-10-01T00:00:00+02:00",

"ValidityDateEnd": "2028-10-01T00:00:00+02:00",

"Nature": "Regular Sol",

"Lineldentification": "NO-BN-01",

"IMCode": "Jernbaneverket (76)",

"OPStartID": b

"OPEndID": .

"SOLTracks": [

{

"SOLTrackldentification": "0210-00001_1",
"ValidityDateStart": null,
"ValidityDateEnd": "2028-10-01T00:00:00+02:00",
"SOLTrackDirection": "N",
"SectionOfLinelD": 2,
"VersionID": ,
"TrackIiD": 9,

"SOLTunnels": []
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Figure 44: GET Sections Of Line example

Note:
As the Operational Point API, we can also fetch a single SectionOfLine, providing its keyID and keyVersionID
using this endpoint:

https://rinf.era.europa.eu/Api/SectionsOfLine?keylD={keylD}&keyVersion|D={keyVersion|D

i. GET Dataset Imports

GET the list of all last data set imports by member state

Endpoint: https://rinf.era.europa.eu/Api/Datasetlmports

ii. Get Dataset Import By ID

Similarly, we can also get the Dataset Import info by ID:

Endpoint: https://rinf.era.europa.eu/Api/Datasetimports?key={key}

Example:
Switzerland’s Dataset Import Info:

https://rinf.era.europa.eu/Api/Datasetimports?key=340

{
"@odata.context": "https://rinf.era.europa.eu/APl/Smetadata#DatasetImports/Sentity",
"Version": ,
"Code": "CH",
"Name": "Switzerland",
"LastimportDate": "2020-02-21T09:30:26.313+01:00"

Figure 45: Get Dataset Import by ID example

Unfortunately the dataset imports are currently limited to European countries and no data is available for the
China-Poland train route.
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Annex I: MarineTraffic AlS Data API
1. Vessel Historical Track

Description: Get all vessel historical positions for a specific period of time.

Documentation link:

https://www.marinetraffic.com/en/ais-api-services/documentation/api-service:ps01

Example call for a ship with IMO: 9108130 for the last 3 days:

https://services.marinetraffic.com/api/exportvesseltrack/3d450ec3eed11888e41cal57d0e587f9c71
99e0c/v:3/period:daily/days:3/imo0:9108130/msgtype:extended/protocol:xm|

NOTE: This output is in XML format but the protocol allows all APl responses to also be in CSV and JSON.

version="1.0" encoding="utf-8" standalone="no"

MMSI="310133000" IMO="9108130" STATUS="1" SPEED="0" LON="3.593080" LAT="51.924060" COURSE="302"
HEADING="38" TIMESTAMP="2021-05-28T08:39:00" SHIP_ID="370837" WIND_ANGLE="140" WIND_SPEED="4" WIND_TEMP="6"
SIGNIFICANT_WAVE_HEIGHT="6" WIND_WAVE_DIRECTION="350" WIND_WAVE_HEIGHT="0" WIND_WAVE_PERIOD="10"
SWELL_HEIGHT="6" SWELL_PERIOD="64" CURRENTS_ANGLE="130" CURRENTS_SPEED="6" SWELL_DIRECTION="350"

MMSI="310133000" IMO="9108130" STATUS="1" SPEED="0" LON="3.592092" LAT="51.923650" COURSE="243"
HEADING="39" TIMESTAMP="2021-05-29T00:49:00" SHIP_ID="370837" WIND_ANGLE="75" WIND_SPEED="11" WIND_TEMP="10"
SIGNIFICANT_WAVE_HEIGHT="5" WIND_WAVE_DIRECTION="358" WIND_WAVE_HEIGHT="0" WIND_WAVE_PERIOD="13"
SWELL_HEIGHT="5" SWELL_PERIOD="56" CURRENTS_ANGLE="121" CURRENTS_SPEED="15" SWELL_DIRECTION="358"

MMSI="310133000" IMO="9108130" STATUS="1" SPEED="6" LON="3.591215" LAT="51.923620" COURSE="315"
HEADING="25" TIMESTAMP="2021-05-30T00:12:00" SHIP_ID="370837" WIND_ANGLE="48" WIND_SPEED="12" WIND_TEMP="7"
SIGNIFICANT_WAVE_HEIGHT="6" WIND_WAVE_DIRECTION="15" WIND_WAVE_HEIGHT="3" WIND_WAVE_PERIOD="26"
SWELL_HEIGHT="5" SWELL_PERIOD="47" CURRENTS_ANGLE="72" CURRENTS_SPEED="16" SWELL_DIRECTION="2"

MMSI="310133000" IMO="9108130" STATUS="5" SPEED="0" LON="4.063287" LAT="51.949470" COURSE="181"

HEADING="258" TIMESTAMP="2021-05-31T00:22:00" SHIP_ID="370837" WIND_ANGLE="69" WIND_SPEED="9" WIND_TEMP="10"

SIGNIFICANT_WAVE_HEIGHT="4" WIND_WAVE_DIRECTION="2" WIND_WAVE_HEIGHT="1" WIND_WAVE_PERIOD="15"
SWELL_HEIGHT="4" SWELL_PERIOD="43" CURRENTS_ANGLE="180" CURRENTS_SPEED="16" SWELL_DIRECTION="0"

Figure 46: Output example XML format

2. Port Calls

Description: Get the latest arrivals and departures at a specific port or for a vessel.
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https://www.marinetraffic.com/en/ais-api-services/documentation/api-service:ps01
https://services.marinetraffic.com/api/exportvesseltrack/3d450ec3eed11888e41ca157d0e587f9c7199e0c/v:3/period:daily/days:3/imo:9108130/msgtype:extended/protocol:xml
https://services.marinetraffic.com/api/exportvesseltrack/3d450ec3eed11888e41ca157d0e587f9c7199e0c/v:3/period:daily/days:3/imo:9108130/msgtype:extended/protocol:xml
https://services.marinetraffic.com/api/exportvesseltrack/3d450ec3eed11888e41ca157d0e587f9c7199e0c/v:3/period:daily/days:3/imo:9108130/msgtype:extended/protocol:xml

D2.7 EGTN Transport Data and Knowledge Models v1

Documentation link:

https://www.marinetraffic.com/en/ais-api-services/documentation/api-service:ps01

Endpoint: https://services.marinetraffic.com/api/portcalls/v:4/YOUR-API-KEY/portid:value/timespan:#minutes

Example call for Valencia port (1D:74)

https://services.marinetraffic.com/api/portcalls/v:4/port_api_key/portid:74/gt_min:4000/dwt_min:9000/timespan:60

version="1.0" encoding="utf-8" standalone="no"

MMSI="255806507" SHIPNAME="MSC DOMITILLE" SHIP_ID="3579312" TIMESTAMP_LT="2021-06-01T11:32:00"

TIMESTAMP_UTC="2021-06-01T09:32:00" MOVE_TYPE="0" TYPE_NAME="Container Ship" PORT_ID="74" PORT_NAME="VALENCIA"

UNLOCODE="ESVLC"

MMSI="373517000" SHIPNAME="MSC DYMPHNA" SHIP_ID="465162" TIMESTAMP_LT="2021-06-01T11:24:00"
TIMESTAMP_UTC="2021-06-01T09:24:00" MOVE_TYPE="0" TYPE_NAME="Container Ship" PORT_ID="74" PORT_NAME="VALENCIA"
UNLOCODE="ESVLC"

Figure 47: Example call Nika Fortune Ship (IM0:8933095)

a. ETA To Port

Endpoint: https://services.marinetraffic.com/api/etatoport/v:2/

Description: Get ETA and voyage information for a vessel of your choice, to any port you define.
Example call:

https://services.marinetraffic.com/en/api/etatoport/a18619201a925e07474135e25b387bal4c447391/v:2/por
tid:92/im0:9352157/msgtype:simple

version="1.0" encoding="utf-8" standalone="no"

SHIP_ID="335240" MMSI="371827000" [IMO="9352157" LAST_PORT_ID="529" LAST_PORT="RAVENNA"
LAST_PORT_UNLOCODE="ITRAN" LAST_PORT_TIME="2021-05-27 18:49:00" NEXT_PORT_NAME="VARNA"

NEXT_PORT_UNLOCODE="BGVAR" ETA_CALC="2021-06-02 07:04:37" ETA_PORT_NAME="VARNA" ETA_PORT_UNLOCODE="BGVAR"

Figure 48: ETA to Port example

This is an estimated time of arrival to the Varna Port of the ship (SHIP_ID=335240) that departed from Ravenna, Italy.
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https://www.marinetraffic.com/en/ais-api-services/documentation/api-service:ps01
https://services.marinetraffic.com/api/portcalls/v:4/YOUR-API-KEY/portid:value/timespan:#minutes
https://services.marinetraffic.com/api/portcalls/v:4/port_api_key/portid:74/gt_min:4000/dwt_min:9000/timespan:60
https://services.marinetraffic.com/api/etatoport/v:2/
https://services.marinetraffic.com/en/api/etatoport/a18619201a925e07474135e25b387ba14c447391/v:2/portid:92/imo:9352157/msgtype:simple
https://services.marinetraffic.com/en/api/etatoport/a18619201a925e07474135e25b387ba14c447391/v:2/portid:92/imo:9352157/msgtype:simple

D2.7 EGTN Transport Data and Knowledge Models v1

b. Voyage Forecast

Example call for the ship “Sider Bilbao”’s voyage (IM0:9338151):

https://services.marinetraffic.com/api/voyageforecast/4fbdf065b0e80796efe9fe1696af7065d46e3bcb/imo:93
38151

version="1.0" encoding="utf-8" standalone="no"

MMSI="232977000" DESTINATION="VALENCIA" LAST_PORT_ID="236" LAST_PORT="BARCELONA"
LAST_PORT_UNLOCODE="ESBCN" LAST_PORT_TIME="2021-05-31T19:47:00" NEXT_PORT_ID="74" NEXT_PORT_NAME="VALENCIA"
NEXT_PORT_UNLOCODE="ESVLC" ETA="2021-06-01T09:30:00" ETA_CALC="" DISTANCE_TRAVELLED="162" DISTANCE_TO_GO="0"

SPEED_CALC="0" DRAUGHT="51" DRAUGHT_MAX="93" LOAD_STATUS_NAME="IN_BALLAST" ROUTE=""

Figure 49: Example call for the ship “Sider Bilbao”

We see that this ship departed from Barcelona, heading towards Valencia with given ETA, Draught and also the load status name which
in this case is IN_BALLAST (If a cargo vessel (such as a tanker, bulk carrier or container ship) wishes to travel empty or partially empty
to collect a cargo, it must travel in ballast.))

i. Predictive arrivals

Description: Receive a prediction of the vessels likely to arrive at a specific port.
Example API call:

https://services.marinetraffic.com/api/predictive-
arrivals/bb6e6261b44aa8bcd8246928b11a8f02e8a2e805/portid:51

Example XML response:
<PredictiveArrivals>

<PredictiveArrival IMO="8817564" SHIP_ID="213546" MMSI="240708000" SHIPNAME="AEGEAN I[II" SHIPCLASS="HANDYSIZE"
MARKET="WET BULK" FROM_PORT_ID="5" FROM_PORT="ELEFSIS" NEXT_PORT_ID="51" NEXT_PORT="PATRA" NEXT_AREA="EMED"
NEXT_PORT_PROB="0.786" NEXT_AREA_PROB="1.000" />

<PredictiveArrival IMO="9314466" SHIP_ID="213945" MMSI="240871000" SHIPNAME="AEGEAN BREEZE |" SHIPCLASS="HANDYSIZE"
MARKET="WET BULK" FROM_PORT_ID="5" FROM_PORT="ELEFSIS" NEXT_PORT_ID="51" NEXT_PORT="PATRA" NEXT_AREA="EMED"
NEXT_PORT_PROB="0.556" NEXT_AREA_PROB="1.000" />

</PredictiveArrivals>

Note: We can pass an argument “probability” in this API call to receive only the arrivals that are certain to arrive over
the probability that we’ve specified.

ii. Expected arrivals

Description: Get expected arrivals to a specific port or country.
Example API call:

https://services.marinetraffic.com/api/expectedarrivals/v:3/8205c862d05720p1655989d939f1496c092ksvs4 /ti
mespan:2/country:US/dwt min:100000/dwt max:160000/shiptype:7/protocol:xml
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https://services.marinetraffic.com/api/voyageforecast/4fbdf065b0e80796efe9fe1696af7065d46e3bcb/imo:9338151
https://services.marinetraffic.com/api/voyageforecast/4fbdf065b0e80796efe9fe1696af7065d46e3bcb/imo:9338151
https://en.wikipedia.org/wiki/Sailing_ballast
https://services.marinetraffic.com/api/predictive-arrivals/bb6e6261b44aa8bcd8246928b11a8f02e8a2e805/portid:51
https://services.marinetraffic.com/api/predictive-arrivals/bb6e6261b44aa8bcd8246928b11a8f02e8a2e805/portid:51
https://services.marinetraffic.com/api/expectedarrivals/v:3/8205c862d0572op1655989d939f1496c092ksvs4/timespan:2/country:US/dwt_min:100000/dwt_max:160000/shiptype:7/protocol:xml
https://services.marinetraffic.com/api/expectedarrivals/v:3/8205c862d0572op1655989d939f1496c092ksvs4/timespan:2/country:US/dwt_min:100000/dwt_max:160000/shiptype:7/protocol:xml

D2.7 EGTN Transport Data and Knowledge Models v1

XML Sample Response (Extended):
<ETA>

<VESSEL_ETA IMO="9255684" MMSI="240176000" SHIPNAME="MINERVA ZOE" TYPE_NAME="Crude Oil Tanker" SHIPTYPE="71"
CALLSIGN="SYBC" FLAG="GR" LENGTH="244" WIDTH="42.03" DRAUGHT="86" GRT="57301" DWT="105330" YEAR_BUILT="2004"
LAT="41.361460" LON="17.722050" SPEED="95" COURSE="125" STATUS="0" ETA="2014-12-22T10:11:00" ETA_CALC="2014-02-
22T19:22:00" ETA_UPDATED="2014-02-19T19:22:00" LAST_PORT_ID="20443" LAST_PORT="TRIESTE ANCH" LAST_PORT_UNLOCODE=""
LAST_PORT_COUNTRY="IT"  LAST_PORT_TIME="2014-02-17723:29:00" PORT_ID=""  PORT_UNLOCODE=""  CURRENT_PORT=""
CURRENT_PORT_COUNTRY="" NEXT_PORT_ID="1" NEXT_PORT_UNLOCODE="GRPIR" NEXT_PORT_NAME="PIRAEUS"
NEXT_PORT_COUNTRY="GR" TIMESTAMP="2014-02-19T10:22:51" />

<VESSEL_ETA IMO0="9233624" MMSI="371043000" SHIPNAME="BARU SATU" TYPE_NAME="Bulk Carrier" SHIPTYPE="73"
CALLSIGN="H9AN" FLAG="PA" LENGTH="137.03" WIDTH="23" DRAUGHT="43" GRT="9978" DWT="16190" YEAR_BUILT="2001"
LAT="37.669050" LON="23.770750" SPEED="122" COURSE="25" STATUS="0" ETA="2014-12-25T14:24:00" ETA_UPDATED="2014-02-20
10:53:00" LAST_PORT_ID="20582" LAST_PORT= "VALENCIA ANCH" LAST_PORT_UNLOCODE="" LAST_PORT_COUNTRY="ES"
LAST_PORT_TIME="2014-02-17T23:29:00" PORT_ID="" PORT_UNLOCODE="" CURRENT_PORT="" CURRENT_PORT_COUNTRY=""
NEXT_PORT_ID="1" NEXT_PORT_UNLOCODE="GRPIR" NEXT_PORT_NAME="PIRAEUS" NEXT_PORT_COUNTRY="GR" TIMESTAMP="2014-
02-20T10:22:51"/>

<VESSEL_ETA IMO="9153551" MMSI="636010789" SHIPNAME="EURO SPIRIT" TYPE_NAME="Vehicles Carrier" SHIPTYPE="75"
CALLSIGN="ELUWS8" FLAG="LR" LENGTH="188" WIDTH="31.2" DRAUGHT="77" GRT="46346" DWT="15483" YEAR_BUILT="1998"
LAT="42.050480" LON="10.390520" SPEED="152" COURSE="132" STATUS="0" ETA="2014-12-22T11:48:00" ETA_UPDATED="2014-02-20
05:54:00" LAST_PORT_ID="88" LAST_PORT="LIVORNO" LAST_PORT_UNLOCODE="ITLIV" LAST_PORT_COUNTRY="IT"
LAST_PORT_TIME="2014-02-20T00:46:00" PORT_ID="" PORT_UNLOCODE="" CURRENT_PORT="" CURRENT_PORT_COUNTRY=""
NEXT_PORT_ID="1" NEXT_PORT_UNLOCODE="GRPIR" NEXT_PORT_NAME="PIRAEUS" NEXT_PORT_COUNTRY="GR" TIMESTAMP="2014-
02-20T07:14:48" />

</ETA>
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