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Document Summary Information
Abstract
This document discusses the actions taken towards delivering a complete specification of the
numerous components of the EuTravel Optimodality Platform while drilling down at the
implementation details of its individual modules. The deliverable builds upon the work done in the
remaining Tasks of Work Package 2 and focuses on the development of the pieces of technology
that will act as enablers to the EuTravel ecosystem.
The Optimodality Platform presented herein, is a complex system capable of supporting the
indexing of external sources of data in the transport domain, their semi-automatic transformation
to a common, reference format, the Common Information Model, and ultimately its exposure via a
single meta-API, called the API of APIs. This deliverable serves as the documentation of the initial
prototype that contains research-level services and tools that will comprise the technological
enablers for access to the EuTravel Ecosystem.
Furthermore, we raise any issues originating from data source availability and structure, while
focusing on the impact of semantic annotation in achieving seamless integration between web
services in a multimodal context.
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Disclaimer
The content of the publication herein is the sole responsibility of the publishers and it does not
necessarily represent the views expressed by the European Commission or its services.
While the information contained in the documents is believed to be accurate, the authors(s) or any
other participant in the EuTravel consortium make no warranty of any kind with regard to this material
including, but not limited to the implied warranties of merchantability and fitness for a particular
purpose.
Neither the EuTravel Consortium nor any of its members, their officers, employees or agents shall be
responsible or liable in negligence or otherwise howsoever in respect of any inaccuracy or omission
herein.
Without derogating from the generality of the foregoing neither the EuTravel Consortium nor any of
its members, their officers, employees or agents shall be liable for any direct or indirect or
consequential loss or damage caused by or arising from any information advice or inaccuracy or
omission herein.
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Abbreviations
API

Application Programming Interface

CMI

Common Information Model

DoA

Description of Action

DRY

Don’t Repeat Yourself

GDS

Global Distribution System

GTFS

General Transit Feed Specification

ETL

Extract, Transform, Load

ITS

Intelligent Transport Systems

MCT

Minimum Connection Times

OTA

Online Travel Agent

PNR

Passenger Name Record

POS

Point of Sale

PT

Public Transportation

TAP

Telematics Applications for Passenger services

TMC

Travel Management Company
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1 Executive Summary
The effort made in the EuTravel project, is largely targeted towards creating a fertile ground for the
development of a Multimodal Transport Ecosystem across Europe. We are building enablers for
corporate and state-controlled stakeholders to participate in this Ecosystem by providing their
services in the ultimate benefit of the modern traveller.
Continuing the work completed as part of Work Package 2, under Tasks 2.1 – EuTravel Ecosystem
Architecture and 2.3 – Unified access cross-device – multilingual user interface design and
implementation, where the basis of the specification and prototyping stage was established, we delve
further into the Ecosystem Specification and Prototype Implementation. Specifically, we focus on
defining the essence and scope of the Optimodality Platform and its main driver, the Optimodality
Framework. While the former is a complex, modular system with a primary goal of unifying and
exposing travel data from multiple sources and transport modes in a unified manner via a single API,
the latter is the reusable foundation of this effort, a Domain Model that formalizes semantics located
in all transport modes in a streamlined, openly accessible format.
This documentation enlists the characteristics and highlights the benefits of the bottom-up approach
followed in the design and implementation of the core parts of the Optimodality Platform. The
architecture described herein has been prototyped using model-driven engineering tools, benefitting
from the abstraction of the modelling specifics to the actual low-level implementation. This applies to
all the components developed from the contributing partners, such as semantic annotators for
external data structures and CO2 emission calculators. Given the research character of this endeavour,
significant value was given to using open and publicly accessible formalization tools such as ontologies
and semantic annotators to deduce context and actual meaning of the data processed by the
Optimodality Platform.
This deliverable contributes to the state of the art in the status of the online transport services using
innovative technological aspects such as machine learning and the automation of schema and data
mapping using knowledge graphs and real-time itinerary optimization engines. The result is a
decoupled system of interchangeable components that serve the modern European traveller from
planning to booking to managing his itineraries at all stages of his trip.
Concluding, certain issues of varying importance were identified and outlined, to aid and organize
future efforts in problematic areas such as disruption alerting, and accommodation of people with
movement impairments.
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2 Introduction
This deliverable presents the models and prototypes of travel services that were developed as part of
Task 2.2 of the EuTravel WP2 (Ecosystem Specification and Prototype Implementation). Initially, the
overall modelling approach that was followed in the development and implementation of these
services is presented and analysed, followed by the description of the core parts of the EuTravel
Ecosystem. Subsequently, the various services provided by the Ecosystem are presented, and finally,
the gateways for accessing those services are defined and their security and data quality features are
analysed. The deliverable is structured as follows:
Section 3 summarises the project’s objectives and relates them to the specific objectives of the current
deliverable.
Section 4 points out the relation of the deliverable with the project’s Description of Action (DoA) and
with other work packages and tasks of the project.
Section 5 initially presents the main characteristics of the bottom-up approach that was used in the
modelling of the EuTravel Ecosystem. It then presents all the core parts of the Ecosystem, and finally
analyses the development of the Common Information Model.
Section 6 describes all the available services of the Ecosystem and analyses their functionality.
Section 7 presents the gateways to the Ecosystem and their security and data quality features.
Finally, Section 8 draws some conclusions on the Ecosystem specification and implementation, based
on the developed services and their features and functionality.

3 EuTravel Project Objectives
EuTravel develops an Ecosystem promoting and supporting optimodal travel. The Ecosystem
comprises of tools that tap into existing mainstream IT travel reservation systems and sources of travel
data. The involved processes range from the collection of transportation-related data to travel
booking, ticketing and recommendation services. In between, they include data transformations, data
aggregation and fusion, creation of a Common Information Model (CIM) and a relevant “Super Travel
API”, and multimodal itinerary plan creation and optimisation.
The needs of all involved stakeholders are addressed by the development of an open and readily
usable Optimodality Framework, together with Optimodality Ecosystem Enablers that build on that
framework to provide new, complete applications or system components. Optimodal travel is defined
as intermodal travel, optimised with respect to synchronisation between modes, passenger
experience and rights, and environmental performance. Effort is focused towards the unification of
different technologies, standards, and implementation. Interoperability of services is a crucial point,
which is tackled in a data-centered approach, focusing on a single channel of communication through
the development of the CIM and the resulting “API of APIs”, which constitutes a unique, meta-API that
allows Ecosystem participants to interface their systems and data with the Ecosystem, and can be used
to obtain integrated optimodal traveling services.
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Additionally, the provision of easy, robust and universal access to optimodal travel scheduling services,
drastically promotes public transportation over car usage, facilitating the EU agenda towards CO2
emissions reduction. This important advantage is additionally enhanced by the inclusion of
environmental performance optimisation features in the itinerary scheduling methodologies of the
developed Ecosystem.
During the various stages of implementation, the involved teams identified considerable issues in the
current state-of-the-art regarding consumer travel services that affect or sometimes even block the
creation of a complete multimodal booking solution. Besides commercial contracts between
operators, which are off-scope for this project, the lack of commonly agreeable Minimum Connection
Times was prevalent. Similarly, there was a clear differentiation among transport modes between
common concepts such as the class of service, posing difficulties to create a service suitable for
business, leisure and family travellers. This document discusses the actions taken by the various
development teams to tackle such issues in a user-friendly and scalable way.
Finally, travel stakeholder organisations are provided with valuable insight, metrics and analytics
through the EuTravel Ecosystem, to properly invest and develop ICT infrastructure and services and
publish content, enabling travellers to make informed choices and make use of any mode of transport.
These insights can be used by the stakeholder organisations for the creation of value added optimodal
services, as analysed in D2.4 (EuTravel Value Added Services).

4 Correlation to the DoA and other WPs and Tasks
This deliverable describes work carried out in Work Package 2, and more specifically in Task 2.2 of
WP2. Specifically, D2.2 is described in the DoA as the deliverable which produces models/blueprints
and proof of concept prototypes of travel services and data published on the Ecosystem, supporting
realistic operational conditions of intermodal travelling per stakeholder role and per business function
in order to demonstrate the search, discovery, interoperability and composability of travel services
within the ecosystem (implementation to be tested in the living lab).
Task 2.2 (Ecosystem Specification and Prototype Implementation) discusses the design and
development of the core ecosystem functionality, which allows industry participants to access the
Ecosystem. The following section is extracted from the project’s Description of Action (DoA) and
demonstrates how each sub task of T2.2 is addressed in this deliverable.
Table 4-1: Deliverable’s adherence to EuTravel Work Plan
Main sub-task activities as described in DoA

Document Reference

ST2.2.1 Prototype core parts of the Ecosystem - a service registry, Section 5.2
service discovery and mashup tools.
ST2.2.2 Prototype core research level services including:
a. Real time adaptive engine for dynamic, spontaneously forming Section 6.1
Optimodal itineraries
b. Rapid reaction services based on improved travel visibility and Section 6.2
associated learning and innovation capabilities
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Main sub-task activities as described in DoA
c. Optimodal environmental services for improved measurements
of environmental footprint and linking measurements with
environmental driven decisions and recalibration of environmental
strategies using big data analytics
ST2.2.3 Carry out semantic interfacing of consortium members’
systems to the Ecosystem, using the meta-API developed in Task
2.1.
ST2.2.4 Publish cloud data sources with sample travel services and
timetables of participating companies in the Ecosystem and thirdparty data sources (e.g. geo-location data, traffic data, etc.).
ST2.2.5 Define and prototype EuTravel Gateways (access/entry
points) to the Ecosystem incorporating advanced security and data
quality services.

Document Reference
Section 6.3

Section 6.4

Section 6.5

Chapter 7

The architecture of the EuTravel Ecosystem has been described in deliverable D2.1 (Technology
Ecosystem Architecture). An API-oriented view of the Travel Ecosystem is proposed, comprising of
several architectural layers (D2.1, Section 8.2). This architecture is used for the implementation of the
Optimodality Framework, which is described in deliverable D1.4 (EU Optimodality Framework). The
open and readily usable optimodality framework is developed in such a way to address stakeholder
needs, policy requirements and industry standard technologies.
The main objective of the current deliverable is the design and development/prototype of core
ecosystem functionality, including:
•

•
•
•
•
•
•

Models/blueprints of travel services, supporting intermodal travelling per stakeholder role
and per business function to demonstrate the search, discovery, interoperability and
composability of travel services within the ecosystem.
EuTravel Gateways (access/entry points) incorporating advanced security and data quality
services.
Service registry, service discovery.
Real time engine for dynamic, spontaneously forming of optimodal itineraries.
Services for improved measurements of environmental footprint (linking measurements with
environmental driven decisions using big data analytics).
Semantic interfacing of consortium members’ systems to the Ecosystem, using the proposed
meta-API.
Unresolved issues that hamper commercial viability due to limited data availability and
process mismatch among transport modes.

Based on the project structure, the Ecosystem specification and implementation depends mainly on
the work of the following partners:
•
•

CLMS –Lead of the API of APIs architecture, development, data processing and integration
services.
NCSRD - Optimiser service: the intermodal itinerary optimisation tool that leads to optimodal
itinerary propositions to the user.
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•

•
•

STI - Ontology: a semantic representation of schemas from consortium members’ systems and
the Common Information Model built using open and standardized components such as the
schema.org ontology.
VLTN - Recommender service: a system for the online services delivery of social travel data in
the form of travel itinerary recommendations.
eBOS - Frontend application (Ecosystem gateways): the online application for the provision of
the integrated optimodal services to the end-user/traveller.

An important point in Ecosystem prototype implementation is the fact that its performance is
dependent on appropriate datasets availability, as well as the quality of provided data. Several issues
concerning data availability and quality have emerged during the course of the project, and efforts
have been made, where possible, to overcome any difficulties and limit any relevant consequences to
the proper function of the Ecosystem.
Relative to data availability, the most important issue concerns the fact that there are several missing
schedules for rail routes. From a GDS perspective, schedules and timetables are in the ownership of
operators and they are subject to NDA’s or commercial agreements, not covered by the scope of the
project. Tackling this issue included using open data to provide rail timetables in the GTFS 1 format as
well as the development of a component that uses Silverrail’s available services heuristically to extract
collections of stations, which are subsequently cached as rail routes in the EuTravel platform.
However, this method is highly inefficient at this stage, as the volume of data is overwhelmingly large,
and the available services are not meant for this type of usage. Thus, considering all these issues, the
proposed approach to demonstrate the functionality of the Silverrail API is to include a subset of the
available routes in the prototype implementation. Given the research nature of this project, we
consider this approach to be more than enough for proof of concept.
Another issue relevant to data availability was the complete lack of available booking services for long
distance buses and coaches during the first reporting period. To address this, the project managers
successfully approached “Distribusion” 2, a start-up company that acts as a bus GDS who was added to
the project’s consortium.
As far as data quality is concerned, the main problem is the lack of critical data required for the
accurate modelling and evaluation of CO2 emissions involved in planned trips. At the moment, CO2
emissions are roughly estimated in the computation of the environmental footprint of each feasible
multimodal itinerary, because the incorporated algorithms that provide such emission values for each
trip do not take into account real life parameters such as weather conditions, transport vessel model
and occupancy. Additionally, these calculations are made using coordinate-based distances between
transit points and not the actual directions that might include deviations.
Finally, at this stage we haven’t integrated any alerting services for disruptions or rerouting
functionality. This is largely due to the fact that this type of data is loosely available from sources
outside the project’s consortium and is limited to specific transport modes in a few European states.

1

GTFS: General Transit Feed Specification - https://developers.google.com/transit/gtfs/

2

http://distribusion.com
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5 Modelling Approach - Prototype Core Parts of the Ecosystem
5.1 Ecosystem Modelling Approach
The modelling approach of the Ecosystem is based on the development of the Common Information
Model (CIM), a data model that integrates the key data structures of the travel industry segments
(presented in detail in Section 5 of D2.1: Technology Ecosystem Architecture) and provides a generic,
implementation-independent view of the travel domain. This integrated model allows different API
implementations to reuse it. Thus, the modelling methodology follows a bottom-up approach, which
is driven by existing available data formats and standards from APIs, and works upwards ensuring that
all existing concepts are uniquely described. This is achieved using semantic technologies to abstract
and integrate existing data formats, populating the final model.
During the modelling process, the development team came across different data sets, describing
travel related, but semantically different information. Significant effort was given towards not “overmodelling” but defining solid semantics, appropriate for depicting all the required workflows, from
planning to booking and finally settlement. Given that multimodal booking engines are at the cutting
edge of travel services and that currently there are no established commercial products at the scale
we are working towards, we had to make significant design and modelling decisions by referencing
the data sources we had available. That said, we identified that the services that exposed certain
datasets, specifically ferry and coach, did not follow the “standard” workflows that air and rail
transport did. This was a challenging issue to overcome, since it would lead to discrepancies in the
streamlined booking approach we are aiming to achieve. Specifically, when accommodating a business
traveller with the respective class of service requirements, the concept is completely absent from
coaches and a bit complicated in ferries. As far as the data model is concerned, all known concepts to
the developers have been incorporated using a hierarchical structure that abide to ontology creation
patterns. The goal was to generate a model that is complete enough to be used holistically but also
flexible enough to be effective even when used partially for non-multimodal use-cases for example.
Moving forward from the midterm review, we addressed the reviewers’ feedback regarding certain
naming inconsistencies in terrestrial transport. Specifically, on the first iteration of the Common
Information Model, the modelling of the coach mode was done under the name “UrbanTransport”.
This could lead to confusion and concept mismatch as urban transport has a very specific scope,
essentially involving transport modes that do not travel outside city borders. Therefore, the commonly
agreed solution between the teams involved in the CIM and EuTravel Ontology development was to
repurpose the “UrbanTransport” model in a way that it supports only inner city transport, specifically
supporting modes of transport of static routing including train, subway, tram and bus modes. The
modelling in place facilitated capturing the semantics required by persons with reduced mobility, to
the extent possible by the information available currently. This change led to the creation of a new
model, suitable for modelling coach transport individually, called “TerrestrialTransport”. The latter
distinction made it possible to dedicate the model for capturing information in data models offered
by the newest addition to the EuTravel consortium, Distribusion. In technical terms, the
“UrbanTransport” model was accustomed to itineraries displayed in GTFS format, whereas
“TerrestrialTransport” currently supports proprietary information as provided by the coach GDS
mentioned previously. We consider this a change that adds clarity to the overall model, making it more
extendable in a purely multimodal fashion, by explicitly supporting each mode in its own. Additionally,
the new term ‘TerrestrialTransport’ which covers modes of transport that operate on road or tracks
that are not intercity or cross country rail networks. Therefore, Terrestrial Transport is inclusive of all
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forms of public transport (such as local bus, metro) in all locations (both rural as well as urban areas),
as well as private cars and taxis 3.

5.2 Ecosystem Core Parts
The data-centred modelling methodology used in the EuTravel Ecosystem leads to the development
of several core parts that are structured using a bottom-up approach. The exact architecture of the
Ecosystem was described in D2.1. Here, the details of the technical components of the Ecosystem that
form the Optimodality Platform are presented. These components are shown in Figure 1.

Figure 1. Optimodality Platform components
Figure 1 is highly important for the purposes of this deliverable and the project as a whole. This
architecture diagram has undergone many iterations and reviews and is the epitome of the innovative
features of EuTravel as a technical advancement. It displays the complete Optimodality Platform,
which includes the Optimodality Framework along with the infrastructural components such as the
API Registry and the operational layer, from the Caching, to Orchestration and finally the exposed
services. Transportation related data can be available from a wide variety of sources, including
transport service providers, like air, rail, road, and marine, booking and ticketing engines, as well as
terminals and other logistics services, but also GDS’s that provide aggregated data. Data provision is
performed through appropriate APIs, which have different structures and forms and make use of
different standards and protocols. Thus, the Ecosystem aims to resolve the following issues:

Private cars and taxis are covered in EuTravel in the CIM through the TerrestrialTransport Class. If relevant APIs
become available EuTravel can build specific travel options including these means of transport. Future
implementation could require further modelling to include attributes such as day/night tariffs etc. See also D1.4.
– Annex III, Mapping of CIM to schema.org and its extensions.
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•
•
•
•
•
•
•
•

Information about travel itineraries is scattered across different domains/means of transport
and different companies, thus, different databases.
This information needs to be transformed in a uniform manner, in order to be able to
optimally and timely serve multimodal itineraries.
The problem can be partially deduced to a data integration problem.
Heterogeneity in API data structures.
Common Information Model (CIM) creation.
Data Transformation (Mapping).
Flexibility regarding data integration and maintenance of adapters to external services.
Possible data overlap between different sources.

The effort to tackle all these challenges leads to the development of the Optimodality Platform, the
underlying technology that dictates how the numerous components of the EuTravel Ecosystem
operate. It includes:
•

•

•
•
•
•

The Connectivity Layer, with its basic sub-components:
o the API Registry, an index containing the data providers’ services, categorized and
semantically annotated
o the Data & Semantics Transformation mechanism, which processes the information
received from all available data sources and facilitates its transformation in a form
that can be understood by the CIM
o the CIM, which performs the consolidation of all external data by specifying a
collection of normalized data structures that constitute the framework according to
which the “API of APIs” operates.
The Caching Layer, which optimally aggregates all available information that is transferred
from external systems and used for the correct operation of the Optimodality Platform’s
procedures.
The Orchestration mechanism which manages all existing application services, dictating
viewership and permissions among the Ecosystem’s participants and consumers.
The Core Application Services, creating, managing and completing the optimodal itinerary
suggestions.
The Value Added Services (described in deliverable D2.4 “EuTravel Value Added Services”).
The “API of APIs”, which includes all the processes that are based on the developed CIM and
constitutes the final communication point for each consumer, either a journey planning
application or other transport-related applications such as Analytics Dashboards etc.

5.2.1 Connectivity Layer
The Connectivity Layer is a component of the proposed EuTravel Optimodality Platform, which
materialises the development of the CIM and provides the capability to bridge both internal IT
components as well as external services with pre-defined protocols and standards, regardless of the
underlying APIs of the various data sources. The main sub-components of the Connectivity Layer are
analysed below.
5.2.1.1

APIs registry

The APIs Registry keeps records of each available transport service provider and GDS that offers
transport information through some API. It contains information about the specific standard that each
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service provider uses (e.g., FSM), as well as the specific mode of transport and the type of available
services. Thus, in the APIs Registry, available data sources are indexed using semantics such as the
supplying organization’s name, the API meta-data, its operating protocol and underlying structures to
be consumed by the Data Transformation component.
The API Registry essentially implements the service discovery mechanism. This is a pattern of
retrieving data using generic interfaces and high-level semantics instead of dedicated
implementations. Naturally, the mechanisms to receive and transform the data are in place, but the
remaining system is unaware of the fact. This permits the scalability and separation of concerns in
highly complex systems such as the one in question.
What constitutes the API Registry contribution to the state of the art, is its ability to avoid network
congestion by taking advantage of overlapping services. To bring this into perspective, imagine a
scenario of a user performing a multimodal search on a system that communicates with more than
one GDS and operator for each transport mode, this means that the system will contact all the
respective data owners for information. The API Registry is responsible for transmitting the requests
and prioritizing the responses based on the fastest time of delivery. Surely, different configurations
could be in place but this is the default for the purposes of this implementation. This way, the EuTravel
engine ensures that the selected results will be received as quickly and accurately as possible.
The power of the API Registry concept can be materialized in a solution where results are “streamed”,
or processed in a “first-come, first-served” way. This enables prioritizing direct itineraries over
connected ones, disregarding the actual mode of transport. Multi-leg itineraries, that require complex
calculations to be composed, could be served as additional results by exploiting the concept of paging.
This can reduce the overall workload or operational cost of each search by performing combinations
of itineraries only when requested by the user. This component also facilitates the vision of EuTravel
in terms of flexibility and extensibility, moving from a prototype to a commercially viable application.
5.2.1.2

Data and Semantics Transformation

The proper transformation of data and semantics of the various API's of available data sources to the
general framework of the CIM, is of great importance to the operation of the EuTravel Ecosystem. This
transformation component receives and processes all necessary information from several available
data sources through suitable APIs. It subsequently extracts and recognises mentions of known
entities returned by the APIs, such as locations, modes of transport, times and dates, etc, and maps
them to the respective structures to the CIM.
Thus, a Data Transformation Tool is used to map the relevant attributes from one domain structure
to another, and produce the necessary low-level code that realises the data transformation. Certain
aspects of models are analysed by transformation engines and generators, and subsequently, various
types of artefacts are constructed, such as source code, ensuring the consistency between application
implementations and analysis information associated with functional requirements captured by
models. The developed Data Transformation Tool is not restricted only to specific messaging
schemas/languages (e.g. XSLT for transforming XML messages from one dialect to another) like
traditional transformation methods. On the contrary, it offers a higher level of abstraction and richer
transformation semantics, which can be applied to a variety of message formats.
A semi-automatic mapping tool has been developed that automates the attributes mapping process
of the Data Transformation Tool, leading to the formalisation of the data transformation inference
engine (Figure 2). The main parts of the engine are the data pre-processing and normalisation, and
the decision process that follows the semantic features extraction. This is realised with the application
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of a specialised machine learning algorithm. The motivation behind the automation of the mapping
process is the complexity of matching concepts from one messaging schema to another. Data preprocessing and normalisation are performed to develop an abstraction by removing all the
unnecessary elements and keeping only the necessary ones. In this way, semantic features extraction
can be optimised to the extent needed by the application. The semantic features extraction is
performed using semantic analysis techniques, with the proper use of specialised semantic networks,
such as MIT’s ConceptNet, Princeton’s WordNet, but also taking into account domain-specific
ontologies that are incorporated in an integrated ontology. The main effort is to keep most informant
words, such as nouns and verbs, and to calculate a semantic similarity metric between two terms to
identify the amount of common information these terms share:
1. “Is A”: Use of ConceptNet to use the noun in class’ or attributes’ name. E.g., “Invoice” is A
“statement of account”.
2. Synsets: Use of WordNet (Princeton’s lexical database for English) to determine if two
words share a common meaning.
3. Semantic Similarity Metric: It is a decimal score that measures how similar two senses are.
It is a pair-wise metric that is context-dependent, and uses WordNet and ConceptNet in
combination.

Figure 2. Data processing steps in the data transformation inference engine.

More specifically, API integration (wrappers) is realized in two levels:
i.

Structural Level: The first challenge is to automatically map the structures of different APIs to
the CIM, with little or no user input. The wrappers’ purpose is to transform the structure of a
known API to the CIM, both for requesting and receiving information. Traditional wrappers
would need manual coding and update every time the API changes. The proposed approach
uses a semi-automated way of mapping an API’s structure to CIM, having a wrapper created
this way, each time a new API is added or updated. A first step would be the normalization of
the terms contained in these structures. This can be achieved in various ways, for example by
splitting PascalCase, camelCase, joinedwords, converting plural to singular, spellcheck,
translation, common abbreviations and domain specific abbreviations expansion, using
semantic analysis techniques, such as part of speech tagging in order to keep most informant
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words, such as nouns and verbs, calculating semantic similarity score between two terms in
order to identify the amount of common information these terms share. The normalized term
can then be matched to the CIM, with the help of a graph that depicts the current state of the
CIM. In addition, machine learning techniques are introduced in a way that in case of a match
or in case user input is needed to correct/perform the match, the CIM and its graph is updated
to include the matching information.
ii. Data Level: On data level, the challenge is to not insert duplicate values, which means, to have
uniform and clean data and no unnecessary variations. For example, “Athena”, “Athens”, and
“ATH” should be grouped to a single term, since they all represent the same entity. This can
be achieved with machine learning techniques, along with semantic analysis and data
normalization techniques. Thus, given a training dataset that is properly modelled, the system
attempts to predict where the incoming data can better fit. Once obtaining information about
the correctness of the prediction, the system can add this knowledge to its model and improve
future matching. In addition, a graph-approach for data fusion and possible data aggregation
is considered as a component of the Connectivity Infrastructure of the system. Its goal is to
reduce data processing and redundancy by aggregating similar information gathered from
various APIs before it is sent to the CIM.
A specific example of the data and semantics transformation process is presented below, based on
the sample model shown in Figure 3, where the basic attributes of the EuTravel Ecosystem are
modelled into appropriate classes. Figure 4 shows a segment of an existing model provided by an API
of some specific transport service provider (TSP), while on the right the relevant segment of the
EuTravel model is shown, as defined by the CIM. At this point, both models have been entered into
the data and semantics transformation engine, which subsequently performs some matching
suggestions (Figure 5) based on the relevant extraction of semantic similarities between attributes of
the two models. The method followed analyses all possible ‘terms matches’ and produces the ‘best
match’, for each term of the TSP’s API to the CIM’ vocabulary. Those terms not recognised or terms
with very low similarities in their attributes are automatically considered as new terms. These cases
are highlighted and can be manually matched to an existing term at a later stage of the process, after
being verified by the TSP, to eliminate the possibility of duplications.
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Figure 3. Sample model components (classes and attributes) for the EuTravel Ecosystem.
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Figure 4. CIM and SilverRail TrainStation models as matched in the data and semantics
transformation process.
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Figure 5. Matching suggestions for several models' attributes.
In addition, the transformation engine is capable of automatically generating the appropriate code for
these data transformation (Figure 6).

Figure 6. Automatically generated code during the matching process.

23

EuTravel D2.2: Ecosystem Specification and Prototype Implementation - Version 2.0
Naturally, a data transformation subsystem cannot be considered complete at any point. In order to
finalize it, we have to consider and address individual requirements of the external providers we are
aiming to support. Certain systems, for example Travelport’s, prioritize data economy moreso than
structural soundness due to the volumes of information transmitted in a single response, especially
when the limitations of real-life scenarios are considered as well. Such a system receives dozens of
millions of requests daily and responds with a considerable amount of information for each one.
Therefore, to adhere to the DRY (Don’t Repeat Yourself) paradigm, or not serving duplicate
information and therefore reducing the overall bandwidth requirements for each transaction, they
operate not in a hierarchical way, as EuTravel does, but by grouping entities based on their data type,
and using hash references to assume the needed hierarchy, this can be seen in Figure 7.
[…]
<air:FlightDetailsList>
<air:FlightDetails Key="yPn0x3BAAA/BLMPNqHAAAA==" Origin="ATH" Destination="SAW" DepartureTime="2017-0830T18:40:00.000+03:00" ArrivalTime="2017-08-30T20:15:00.000+03:00" FlightTime="95" TravelTime="1110" Equipment="738"
OriginTerminal="1" />
<air:FlightDetails Key="yPn0x3BAAA/BNMPNqHAAAA==" Origin="SAW" Destination="STN" DepartureTime="2017-0831T09:00:00.000+03:00" ArrivalTime="2017-08-31T11:10:00.000+01:00" FlightTime="250" TravelTime="1110" Equipment="320"
DestinationTerminal="1" />
[…]
</air:FlightDetailsList>
<air:AirSegmentList>
<air:AirSegment Key="yPn0x3BAAA/BKMPNqHAAAA==" Group="0" Carrier="PC" FlightNumber="1194" Origin="ATH"
Destination="SAW" DepartureTime="2017-08-30T18:40:00.000+03:00" ArrivalTime="2017-08-30T20:15:00.000+03:00"
FlightTime="95" Distance="343" ETicketability="Yes" Equipment="738" ChangeOfPlane="false"
ParticipantLevel="Secure Sell" PolledAvailabilityOption="No polled avail exists"
OptionalServicesIndicator="false" AvailabilitySource="A" AvailabilityDisplayType="Fare Shop/Optimal Shop">
<air:AirAvailInfo ProviderCode="1G" />
<air:FlightDetailsRef Key="yPn0x3BAAA/BLMPNqHAAAA==" />
</air:AirSegment>
<air:AirSegment Key="yPn0x3BAAA/BMMPNqHAAAA==" Group="0" Carrier="PC" FlightNumber="1169" Origin="SAW"
Destination="STN" DepartureTime="2017-08-31T09:00:00.000+03:00" ArrivalTime="2017-08-31T11:10:00.000+01:00"
FlightTime="250" Distance="1557" ETicketability="Yes" Equipment="320" ChangeOfPlane="false"
ParticipantLevel="Secure Sell" PolledAvailabilityOption="No polled avail exists"
OptionalServicesIndicator="false" AvailabilitySource="A" AvailabilityDisplayType="Fare Shop/Optimal Shop">
<air:AirAvailInfo ProviderCode="1G" />
<air:FlightDetailsRef Key="yPn0x3BAAA/BNMPNqHAAAA==" />
</air:AirSegment>
</air:AirSegmentList>
[…]

Figure 7. Travelport Low Fare Search Response structure example
This requires manual intervention to be brought to a state that can be properly parsed from a machine
and this is one of the shortcomings of the developed Data Transformation subsystem. However, the
development environment used to perform these actions inherently supports these types of
operations by adding a pre-processing stage to the transformation process. During this stage, data is
restructured hierarchically by removing keys and directly referencing instances of travel segments.
Thus, we see that effectively all types of data structures can be transformed either directly or by
streamlining information via pre-processing. This is a standard practice in ETL (extract, transform,
load) operations such as the one carried out by this component of the EuTravel platform.
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5.2.1.3

Common Information Model

The CIM refers to the basic domain model that constitutes the common format used for the
consolidation of all available data structures. It is aimed at providing a domain model that links
processes, data, and systems in a manner that eliminates interoperability barriers to the emergence
of actual optimodal travel services: from planning through booking, and the full range of related travel
support solutions. The details of CIM are analysed in Section 5.3.

5.2.2 Caching
The Caching Layer component deals with the temporary storage (caching) of data collected from GDSs
and operators. Cached data of this form are used for the creation of timetables for each mode of
transport so that itineraries can be created without the need of direct (and continuous)
communication with the data providers. Data are frequently updated (e.g., once a day) so that any
new available information is added to the database, while data that have become invalid are removed.
Additionally, the caching layer is utilised to minimize response times during the itinerary shopping
phase. In most real-life scenarios, a user will search numerous alternatives before committing to an
itinerary. Delivering these alternatives is a costly calculation from the GDS side. To minimize waiting
times for the end user, we extend the Caching layer to temporarily store these itineraries as retrieved
by the GDS APIs, leading to a responsive and seamless user experience.
During the various development cycles of the EuTravel prototype implementation, caching received
numerous iterations in form, functionality and scope of application. The first version did not have any
form of cache, then a very simple first cache layer was created capable enough to cache requestresponse pairs, meaning that if an identical request was made twice, the second time it would be
instantly served from cache. Of course, this was far from enough for an application such as EuTravel.
Communication with business experts especially from rail and air transport indicated that caching
should become dependent on certain variables.
Moving forward, we developed the caching capabilities towards a two-layer caching system explained
in detail herein. To accomplish this, we enabled the separate caching of external responses, meaning
that all requests generated by the EuTravel Platform towards GDS’s and operators were saved along
with their respective results. The main purpose for this is that different transport systems have
different requirements regarding caching due to their potential volatility. For example, flight ticket
prices are highly coupled with the time and date of the search. The more we approach towards the
travel date, the higher the price, therefore, caching should be very limited in these scenarios. Similarly,
we want to avoid overbooking, so serving cached results should be exercised with additional caution.
Everything so far indicates that the cache should have its own logic layer, and that was the resulting
system. The EuTravel backend application has its own default caching settings, specifically caching
each request and response transmitted by the system for 10 minutes with a “sliding window”, or
extending this period every time a request is repeated. The underlying development platform enables
highly complex caching configurations, including options for user-specific behaviour or static cache
expiration quotas. This default behaviour acts as a fallback mechanism in case there are no atomic
cache configurations in place. For most GDS’s, the implemented cache logic has followed the
respective indications and Figure 8 displays the logic for the multimodal planning-shopping service.
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Figure 8. Caching implementation for the Planning-Shopping service
On a technical level, the implementation of the two-layer cache utilizes specifically allocated memory
and a Redis document datastore. These technologies have been tested and proven to be scalable and
capable of handling the amount of information we intend to process in the system. The underlying
cacher architecture is as shown in Figure 9. Each worker program, usually dedicated to receiving and
delivering messages to external systems or orchestrating multiple messages in a single item, has its
own in-memory cache and depending on the intensity of the workload, can delegate it to the
commonly shared Redis cache for reusability between workers and operational effectiveness.

EuTravel Worker 1

EuTravel Worker 2

EuTravel Worker 3

EuTravel Worker N

In-memory cache

In-memory cache

In-memory cache

In-memory cache

Shared Redis cache

Figure 9. Two-level caching mechanism

5.2.3 Orchestration
The Orchestration Layer receives all the necessary data from the Caching Layer and is responsible for
creating a single itinerary that is proposed to the user. This is achieved by performing data
combination, fusion and aggregation, and by contacting GDS’ and operators’ APIs to get current prices
for specific itinerary segments. At this point, booking of specific trip segments is realised so that
booking of the entire trip can be managed at some following stage.
Effective orchestration, as a step in the overall multimodal process is probably the most essential part
in generating a multimodal travel planner. This is where the innovation lies, in the sense that
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multimodal travel planners are still at an experimental stage commercially. The effort documented
herein, will explore how multimodal itineraries would work on a pan-European level, to the extent
possible by the data and service availability. At this point, during and past the prototype stage, there
are still certain shortcomings in terms of service completeness. For example, a complete multimodal
solution, would require a considerable number of features or services that would accompany the
default workflow, to accommodate changes in bookings, cancellations, query for details in specific
itinerary legs etc. The primary reason behind these is that there are considerable services missing from
the project’s external dependencies. Ideally, a commercial multimodal service provider would set as
a requirement from potential datasources to comply with its requirements, or to fully support a
number of features either explicitly by exposing relevant services, or implicitly via some type of static
datasource. This has to be documented, established at the beginning of the partnership and
maintained by both parties during potential changes or updates.
To orchestrate the documented workflow, we employed specific steps and procedures. Again, the
orchestration part received several updates during the project’s lifecycle. At this point, it would be
useful to mention the common decision made by the majority of the consortium on which
orchestration pattern to choose. Two different approaches of travel planner behaviour but ultimately
orchestration were presented during a web conference held on 16th of February 2017 outlined as
follows:
5.2.3.1

Orchestration Approach A

This approach provides a list with “Travel Options”, where each option will represent a unique and
complete way to travel from “Point A” to “Point B”. The Travel planner will NOT perform any initial
grouping (on travel modes), neither the “Travel Options” will be listed based on any initial grouping
but rather ordered based on user preferences.

Figure 10. Travel Planner using Orchestration Approach A
After user input on arrival and destination location along with the preferred travelling dates, the user
will be automatically redirected to the trip planning page with all the available “Travel Options”, based
on the user profile.
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After that, the planner page is loaded containing a list with all the available unique and complete
“Travel Options” (from “Pedralbes, Barcelona, Spain” to “Wimbledon, London, United Kingdom”)
including the price, departure time, total travel duration and specific operators for this option.
By expanding the preferred “Travel Option”, the user is provided with more detailed information
about that specific travel option and can proceed immediately with the booking:
• Urban directions on departure (Pedralbes, Barcelona)
• Flight from Barcelona Airport to Heathrow
• Train from Heathrow to Wimbledon
• Urban directions on arrival (Wimbledon, London)
The worst-case scenario for the performance of this approach is to attempt planning with no
preferences, meaning the system will query all possible itineraries, which will take a considerable
amount of time. As such, the more constraints provided by user preferences, the better this option
will perform. Essentially, with this approach, the API of APIs performs the calculations included in steps
1 and 2 below as a single step, as opposed to breaking it down in separate, user-led actions.

5.2.3.2

Orchestration Approach B

This workflow follows the User Interface practices, as implemented in multimodal travel planning sites
such as Rome2Rio and RouteRank. The latter use filtering and asynchronous querying techniques to
face the technical risks involved in the typical planning to booking workflow.
5.2.3.2.1 Step 1
User: Input an origin, a destination and preferences and hit the Plan button
API of APIs: Query to NCSR Demokritos for a quick response for (static) available solutions
customizable with user preferences.
Planner: Shows the lists of available solutions
This step uses the NCSRD Optimization engine to return multimodal itineraries based on limited
schedule data. Its purpose is to reduce the search space for the upcoming steps of the planning
process. The result is a number of solutions (combinations of transport modes that satisfy the
itinerary) that include an estimated total price for the solution (based on past queries), the number of
legs and the respective mode of transport, as well as estimated carbon emissions.
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Figure 11. Travel planner transport mode grouping using orchestration approach B
5.2.3.2.2 Step 2
User: Selects his preferred combination of available modes
API of APIs: Performs Shopping requests to the GDS’s providing itineraries for all the legs of the
selected solution.
Planner: Expands on the selected Solution, to provide selectable unique travel options to the user,
complete with price, departure time, arrival time, duration etc.
We propose adding this step to the workflow to reduce the search space for the upcoming shopping
requests. From a technical point of view, the cost of Shopping in terms of time and computational
resources is the bottleneck of the system, and it is our priority as system designers to reduce its impact
to the minimum possible.
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Figure 12. Travel planner transport mode expansion using orchestration approach B
5.2.3.2.3 Step 3
User: Selects his preferred travel option
API of APIs: Performs Pricing requests for all legs for price validation, and returns details about the
itinerary, including first and last mile information.
Planner: Moves to the Passenger Information screen, while showing the detailed information of the
selected travel option.
At this point, the user has selected an actual itinerary and can proceed to booking.

5.2.3.2.4 Step 4
User: Inputs information for all passengers
API of APIs: Performs booking requests to all GDSs with the provided passenger information and
returns the result.
Planner: Shows the results of the booking request.
This approach balances user experience with technical requirements. It makes efficient use of
computational resources in both the API of APIs side as well as the operators side which can lead to
quicker responses and optimal Look To Book ratios in a real life business scenario by querying only
what is absolutely necessary.

30

EuTravel D2.2: Ecosystem Specification and Prototype Implementation - Version 2.0
5.2.3.2.5 Orchestration approach decision and steps forward
During the web conference, after receiving a detailed description for both approaches, the majority
of the consortium members decided to support option A as it poses a clearer proposition to the user,
with fewer steps and is a source of innovation for the project. Additionally, due to the prototype
nature of the travel planner, real-life limitations such as economizing on potential charges from
external participants is not an issue.
This decision led to the implementation of an orchestration layer following the first approach with the
following items. To begin with, each request for multimodal itineraries was parsed from the API of
APIs backend for any user preferences or similar information and was passed to the NCSRD
Optimization service for further analysis and the location of viable itineraries. At this point, the
optimizer will respond with zero to ten individual routes based on the schedule availability in the
system. In the unfortunate scenario that there is no coverage on the requested itinerary, a suitable
message is returned to the user and no further action is taken. Otherwise, the backend system
receives a number of connected routes to be “shopped” or queried upon using the requested travel
dates and passengers. This step is the most expensive in terms of network bandwidth due to the
potential number of requests required, so we devised an efficient algorithm in order to minimize the
total number of requests to external systems. The algorithm retrieves all the individual routes and
gives them a unique identifier for future reference, then proceeds to perform “Low fare search”
requests on all operators or GDS’s for these itineraries and finally uses the identifiers to mix and match
the legs together to form complete itineraries. In order to avoid extremely slow responses, all requests
are performed simultaneously, in parallel, which limits the response times to conform to the single
slowest response.
Some factors that can affect the number and availability of results are the following:
•

•

•
•

•

Ticket availability: If at least one of the required legs is unavailable, then the complete solution
is dropped and removed from the returned results. Therefore, the more scheduled services
are included in a travel ecosystem facilitated by the EuTravel platform, the greater the
possibility for a user to find a suitable solution. The inclusion of pre-booked and paid for taxis,
or car-sharing services as travel options in a future operational system, is expected to improve
the look-book multimodal ratio (number of searches vs number of bookings), thus improve
the user experience and the success of the business/operational model.
Inability to form coherent itineraries that respect Minimum Connection Times: Since the
departure and arrival times for each leg are unknown at the time of “shopping”, it is possible
that the actual itinerary is unable to be safely calculated, then the affected results are
removed.
Number of involved transport modes: The more the transport modes involved, the more
complex it is to complete an itinerary. This can affect the response times in these scenarios.
The number of returned itineraries from external services: Certain operators limit the number
of their returned results depending on legislation requirements or similar reasons. For
example, rail results for regions in the UK are limited to five per request. In conjunction with
the variety of departure times for air or ferry segments, this can produce unexpected results.
To address this, we perform multiple shopping requests per itinerary, for different times of
day, to make sure that the pre-processed segments are sufficient for the algorithm operations.
Inability to query itineraries for a specific time/sequentially: Due to the complexity of this
operation and the negative feedback received for excessively long response times, the design
decision was taken to perform requests simultaneously. This decision resulted in the inability
to specify the required time of departure which hinders the algorithm operation. Additionally,
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certain providers do not support shopping for a specific time altogether, which is another
limitation in this approach. To address this, we performed multiple shopping requests on
these operators for specifically selected times of day where available, or relied on the
returned results and engineered the remaining solutions around them.
Upon receiving individual responses, packing them and returning them to the user, we cache them
along with their identifiers to be able to continue the workflow for the pricing and booking step. This
was necessary as most operators require the complete returned XML object for performing their
workflows. Our pricing step is similar but simplified. It requires the user to select one of the returned
solutions using the travel planner, which utilizes the unique solution identifier, to reference all
underlying segments and proceeds to perform a “pricing” request, or validation of the supplied price
and availability in preparation for the potential upcoming booking.
Continuing, having received the validation from the transport operators that the tickets are still
available for booking, we proceed by prompting the user to enter their basic information such as their
full name, age and potential movement impairments in order to proceed with the booking. The
process here is largely similar to the previous one. With the travellers’ information in place, we are
able to book all segments from their sources and create the record of a conceptual “single ticket”. The
word single reflects the fact that the EuTravel database holds a single entry of a booking, which
internally references all external ones. Naturally, individual terms of service apply to all legs as
imposed by the suppliers.
Due to the flexibility of the EuTravel development platform, this orchestration can be easily modified
as future requirements arise, along with the parameters of all messages. This is one of the inherent
advantages of the selected model-driven development approach documented extensively in this
deliverable.

5.2.4 Core Application Services
The available application services that are managed by the Orchestration mechanism include the
Optimisation service, the Itinerary Planning service, the Pricing service, the Booking service, and finally
a Recommender service based on social data. The basic component of this set of services is the
optimodal searching service, which executes a specially designed path planning optimisation
algorithm, producing optimal multimodal paths that minimise multi-criteria cost metrics, taking into
account specific user constraints or preferences, as well as environmental criteria. Based on this
output, the booking and ticketing services undertake the processes of booking the required seats for
each part of the optimodal trip, and issuing the necessary tickets, respectively. Finally, the
recommender service acts as a supplementary service which recommends specific alternatives to
routes or destinations, based on relevant data gathered from social networks and travel-related
specialised sites and fora.

5.2.5 Value Added Services
Value Added Services (VAS) are a concept currently rising in the business world. Many brands have
begun providing additional services beyond their main products in order to satisfy certain needs of
their clients. This of course applies to the travel-related web application ecosystem as well. In this
domain, we define VAS as any application developed using travel data from web APIs that can benefit
both the consumers as well as the involved stakeholders. They can either be introduced as premium
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features or completely new services achievable by properly modelling and repurposing the available
data. This, VAS refer to specific integrated optimodal tools embedded into the Ecosystem, with a
primary goal to extend the usability of the ecosystem's core functionality by providing additional travel
services to a variety of stakeholder groups. Their main purpose is to customise, combine (aggregate)
or otherwise add value to existing travel services. The proposed architecture for the inclusion of VAS
in the Ecosystem is based on the coordination services provided by the properties of the “Super Travel
API”.
To analyse this further, it is crucial the necessary context is established. For the needs of the EuTravel
project, a platform capable of integrating shopping, booking and ticketing APIs provided by GDS’s and
Travel Operators has been developed, unifying them under the proposed CIM, and ultimately exposing
them through the “Super Travel API”. Along these lines, large amounts of data, that is semantically
similar but substantially different in terms of structure and cohesion, was acquired. Based on the
nature of this data and some extended relevant research, it was realised that the thing that
characterises the market the most is fragmentation. Virtually no application offers a one-stop-shop
for travel planning and booking, let alone in a multimodal context. Addressing this fragmentation was
the main driver between the inception and design of the proposed VAS.
In 2016, amidst the plateau of the mobile era, the average traveller is very technology-dependent. She
relies on maps for navigation, social media for communication, recommender apps for decisionmaking, and so on. At the same time, she is consuming products in the form of web services, in a
controlled, measurable environment. The usage patterns that subsequently emerge can be a very
valuable form of Business Intelligence. Therefore, investing in mobility, context-awareness and
analytics extraction is essential for any application that aims to innovate and produce value.
With the above in mind, two Value Added Services (VAS) for the EuTravel Ecosystem were proposed,
one targeted to consumers and one to stakeholders. The former is a mobile application that acts as a
Travel Companion, where the traveller can manage and share his booked trips, set Places of Interest,
add personal photos or notes. The latter is a web application in the form of Business Intelligence
dashboard, where engaging data providers will be able to extract meaningful metrics and analytics
from the usage of their APIs. Its features include the definition of Business Key Performance Indicators,
their visualisation via a responsive interface, followed by automated report generation or event
notification. It is critical for both these applications to be secure, configurable and user-friendly, so
these are the major drivers for development beyond the initial prototypes. The EuTravel VAS are
discussed further in D2.4 and have been tested by the consortium partners (D3.3) in the context of
the Living Labs. The goal was to develop prototypes of VAS that utilise the capabilities of the EuTravel
platform that will eventually create incentives for the formation of a community around the EuTravel
ecosystem.
The components discussed here are the result of internal research performed by CLMS, during which
a custom iteration of the Knowledge Graph structure was developed, a unified graph that classifies
structures as well as data in a single environment and facilitates queries to it using the SPARQL
language. The benefit of such an approach is that direct access to class structure is obtained, as well
as to instances of data in an interlinked, searchable space. As such, graph algorithms can be efficiently
applied in a domain model that is relational by design, overcoming the traditional limitations it
encapsulates.
Finally, several existing services and products that fit nicely with the EuTravel project goals were
explored, such as accommodation reviews and booking (TripAdvisor, AirBnB), event monitoring and
booking (Eventbrite, BandsInTown), parking or even transport services (UBER, TaxiBeat) that can be
integrated to the EuTravel Ecosystem and benefit it considerably in most use cases. These are prime
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examples of how addressing the current fragmentation in travel services can result in a boost in small
and large businesses worldwide, by providing visibility and ease of access to the end user.

5.2.6 API of APIs
The main purpose of the API of APIs is to overcome the main problem that hampers interoperability
in the transportation and travel-related industry. The problem exists because in most cases, access to
the APIs of transport service and travel service providers is hardwired to the applications of travel
agents and other system users. The basic characteristics of the API of APIs approach are initially
presented in deliverable D2.1. With the development of the CIM, which is presented in detail in the
following sub-section, the proposed API of APIs finds the necessary common framework to unify all
these heterogeneous APIs under a common collaboration ground. It contains all the processes
(methods) that operate under the Optimodality Framework.
The specification of the main services provided are described in Section 4 of deliverable D2.3 (Onestop, cross-device, multilingual interface). The services implementation was based on those
specifications and continued with the changes as decided by the majority of the consortium, detailed
in subchapter 5.2.3.2.5. These services allow the interaction of user interface with the API of APIs, in
order to send and retrieve all necessary information. The data sequence for the set of these services
is quite similar since the interface resides between the user interface and the data providers. When a
user requests for a function, the API of APIs listens, decodes the query and receives the data required
from the data providers by performing the required number of requests. Finally, the API of APIs
responds to the UI with the aggregated response. The main services, whose relevant Swagger
documentation is shown in Figure 18, are the following:
•

GetLegsDetails: The number of Solutions is returned through the API of APIs after a request
to NCSRD Optimizer (FindItineraries). The request from the UI includes at minimum, the
following parameters: originLocation, originDestination and date with the option to also
include preference-related settings. For each trip segment (leg), GetLegsDetails returns the
number of individual solutions, or travel options from location A to location B based on the
retrieved or cached data in the API of APIs at that point in time. If the cached data is outdated
or unavailable, the API of APIs sends a request to the various Data Providers to retrieve the
LegData and send the response to the UI (see Figure 13).
For example, if the user uses the UI to plan a trip from Rome to London, a call to the
getLegsDetails service operates as shown in Figure 19, where 5 solutions have been found for
the first leg of the trip, and 4 solutions have been found for the second leg of the trip.

34

EuTravel D2.2: Ecosystem Specification and Prototype Implementation - Version 2.0

Figure 13 Sequence Diagram for GetLegsDetails
•

GetSolutionsForLeg: It returns solutions information for a specific leg. It is invoked by clicking
on the number of solutions of some trip leg in the UI, and its output is something similar to
that of showing specific information for all available solutions for the selected leg, including
departure times, duration, used modes of transport in each solution, and corresponding
estimates of CO2 emissions. Figure 14 depicts the sequential flow where the User is requesting
for the Solution information and the API of APIs responds upon the static data stored in its
cache layer.
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Figure 14. Sequence flow for GetSolutionsForLeg
•

GetSolutionDetails: It is invoked when the user selects a specific solution for each leg of the
itinerary and requests the attributes origin, destination, departureDate . The API of APIs sends
the response based on cache data existing for each solution in a particular leg. If the cache
misses, then a ShoppingRequest is sent to the various Data Providers requiring the
aforementioned parameters (see Figure 15). For example, when specific solutions have been
selected for both legs in the Rome-to-London example above, the getSolutionDetails service
returns the results shown in Figure 21.

Figure 15. Sequence diagram for GetSolutionDetails
•

GetBookingConfirmation: This service is composed of two requests. The first one is
concerning the pricing for each solution. The API of APIs is requesting the price for a specific
solution within a specific leg from the Data Providers. The response updates the cache layer
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of the solution and the AggregatedPricingResponse is sent back to the User (see Figure 16).
These pricing details are used as parameters for the booking request for the API of APIs to
send a specific booking request to the Data Providers. The API of APIs registers the individual
bookings as a single transaction and also subscribes the user to the notifications list for the
specific booked solution. The User receives the AggregatedBookingResponse (see Figure 17).
With this final service, the main part of the itinerary planning is completed.

Figure 16. Sequence flow for retrieving pricing details
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Figure 17. Sequence flow for retrieving booking details

Figure 18. Swagger documentation of the main “Super Travel API” implemented services.
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Figure 19. Output example (in the UI) of the GetLegsDetails service.

Figure 20. Output example (in the UI) of the GetSolutionsForLeg service.
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Figure 21. Output example (in the UI) of the GetSolutionDetails service.

In addition to these main services, the “Super Travel API” includes a set of additional services, the
relevant Swagger documentation of which, is shown in Figure 22. These services are the following:
•
•

RoutesCount: It returns the number of different routes (including all modes of transport) that
have been integrated into the Optimodality Platform.
KPIs: It returns the Key Performance Indicators (KPIs) that are monitored and measured by
specialised mechanisms of the API of APIs. These indicators have been analysed in Section 7.5
of deliverable D3.1 (Modelling and Experiment plans – Scenarios and Use Cases), and include
the following:
o Service availability - It determines whether the system’s stability and availability are
on par with established agreements.
o Number of service interruptions - It returns the number of service interruptions (i.e.,
any form of outage that causes the service to fail to perform its primary operations)
in a given time frame.
o Average service interruption duration - It returns the average duration of system
outages, in order to indicate whether outages are trivial or critical in nature.
o Service throughput - It returns the percentage of successful responses that the system
generates.
o Percentage of monitored endpoints - It returns the percentage of fully-monitored and
bug-free service endpoints.
o Booking, ticketing and payment time response time - It returns the response times to
perform booking, ticketing and payment processes for each use case.
o Average afterwork time - It measures the time that the system is kept busy after
serving a specific response to a user.
o Dataset update rate - It counts the number of updates received for a dataset on a
given time period, effectively measuring its update frequency.
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•
•

•
•

o Dataset update efficiency - It shows the average ratio of fresh data in dataset updates.
KPI: It returns detailed information for some specific KPI.
First and last mile information service: It returns information relevant to the initial and final
segments of the proposed trip, which concern the path from the origin point to the first
transportation mode (departure), and the path from the last transportation mode
(destination) to the specific destination point. These paths are usually followed on foot or by
car/taxi. Duration estimates for these paths are integrated but these modes are not bookable
or pre-payable in EuTravel.
Simple First and last mile information service: Operates identically as the previous service but
returns fewer details on the urban itinerary.
NearbyStations: It returns all transportation stations (including all modes of transport) nearby
the user-defined origin point.

Figure 22. Swagger documentation of the additional “Super Travel API” implemented services.

5.3 Common Information Model Analysis
The CIM defines the modelling structure in which all heterogeneous data is transformed to, by the
data and semantics transformation process. In D2.1 (Section 8.3), the main subject areas of the CIM
were presented, including the four different subject areas of “AirTransport”, “MarineTransport”,
“RailTransport”, and “TerrestrialTransport”, corresponding to the relevant modes of transport, as well
as trip-related subject areas, and their corresponding classes in the relevant Business Objects. In this
section, detailed contents of the model will be presented and analysed.
The basic framework of the CIM is based on schema.org, forming an adequate ontology from the
consolidation of different standards used by different transport service providers. The domain model
is composed of several classes:
•
•
•
•

•
•
•

AirTransport – It refers to the airplane mode of transport
MarineTransport – It refers to the ship mode of transport
RailTransport – It refers to the train mode of transport
TerrestrialTransport – It refers to modes of transport that operate on road or tracks that are
not intercity or cross-country rail networks. (Includes metro, cars, taxis, buses etc. in urban or
rural areas).
Trip – It refers to direct trips from an origin point to a destination point
Location – It refers to the location of a point of any type
Organization – It refers to the organisation that manages some location

Each class contains all the necessary sub-classes and attributes that describe its objects, in line with
the object-oriented approach philosophy (Table 5-1 and Table 5-2). These attributes are used to store
the data relevant to each specific object. This part of the Connectivity Infrastructure constitutes the
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core framework for the realization of the “Super Travel API”. The Business Objects (BOs) of the four
main classes (one for each mode of transport) and the Trip class are shown in Figure 23 to Figure 27.
Table 5-1: Classes of the four main classes for each mode of transport considered.

Classes

Main Class

AirTransport
Airport
Flight
Airline
Place
Organization

MarineTransport
Port
Place
MarineAgency
Organization
ShippingLine

RailTransport
Train
Vehicle
TrainStation
Place
RailLine

Aircraft
Vehicle
ItinerarySegment

ItinerarySegment
Ship
Vehicle
MarineSegment
Fare

RailAgency
Organization
ItinerarySegment
RailSegment
Fare

TerrestrialTransport
Station
Place
TerrestrialTransportation
Vehicle
TerrestrialTransportationType
TerrestrialLines
ItinerarySegment
StationType
TerrestrialSegment
LineDirection

Table 5-2: Classes of the rest main classes included in the model.

Classes

Main class

Trip
Itinerary
ItinerarySegment
GeoCoordinates
Vehicle
Fare
ItinerarySegmentType
Place

Location
PostalAddress
Place
GeoCoordinates
GeoBoundaries
LocationType

Organization
ContactInfromation
Person
PostalAddress

ApplicationContext
Application
ApplicationSetting
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Figure 23. Business Object of the AirTransport class
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Figure 24. Business Object of the MarineTransport class
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Figure 25. Business Object of the RailTransport class
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Figure 26. Business Object of the TerrestrialTransport class
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Figure 27. Business Object of the Trip class
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6 Services
6.1 Real-time Adaptive Engine for Dynamic, Spontaneously Forming Optimodal
Itineraries
This sub-section describes the architecture of an agent-based real time adaptive engine for
dynamically forming optimodal itineraries. The engine is designed to be compatible with the overall
architecture of the EuTravel Ecosystem presented in deliverable D2.1, and in particular the ‘Super
Travel API’, the technical components of which are described in Section 5.
In the past decades, transportation professionals and researchers have been using approaches based
on autonomous decision-making software entities called agents. Agents for example are used to
model the planning side of the traveller’s daily activities. Such daily activities include for example route
and mode choice, trip chaining/substitution, early or late departures, etc. (Zheng et al, 2013).
In contrast to aggregate-based modelling, agent based modelling looks at a system at the level of its
constituent units. Although the aggregate level could perhaps be described with just a few equations
of motion, the lower-level description involves describing the individual behavior of potentially many
constituent units. Agent-based modelling provides a natural description of the transport system,
flexibility in representing and modifying it, and captures emergent phenomena as a result from the
interactions of individual entities.
Several research approaches applying agents to travel planning have been proposed. For example, a
paper by (Knoblock, n.d) describes a prototype use of software agents for extracting, integrating and
mining online data sources to improve the ability to plan, monitor, and optimize travel. These agents
can dynamically extract data from online travel sources, integrate this data to support interactive
travel planning, continuously monitor all aspects of a trip to ensure a trip goes smoothly, and exploit
data mining to make predictions that can either save a traveller money or improve the likelihood of a
successful trip.
Agents have also been used on the operations side of drivers by several researchers in modelling the
acceleration and braking behaviors of drivers, their car following and lane changing manoeuvres, and
aggressive driving that is leading to car manufacturers adoption of eco-driving approaches.
Transit (transport) services are terrestrial services (urban or rural) such as bus, tram, metro etc.,
operating on a scheduled basis. Transit route choice models, or transit assignment models, represents
the decisions made by travellers which lead to the traffic flows that occur on a transit network
operating at known frequencies. Transit trip modelling requires a detailed network representation
involving the walking time to a stop, the waiting time for the transit vehicle, the transfers between
lines when necessary, as well as the in-vehicle time. Traffic assignment in transit networks concerns
the selection of routes between origins and destinations.
Transport Information Systems provide real time information, such as actual bus arrival or departure
time, to give the traveller real-time schedule information. These systems have been making progress
in recent years. For example, Live Transit Updates is a service providing real-time transit updates to
users of Google Maps and Google Maps for mobile. Live Transit Updates provide two types of realtime updates to users: live departure times and service alerts. These updates are provided in feeds by
Google’s transit partners. Live Transit Updates utilise the GTFS-realtime feed format that
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complements the widely used GTFS format for static transit schedules. These updates include live
departure and arrival times to transit points (e.g. bus stops), as well as service alerts. The problem
however with services like this is that their coverage is still patchy.
The combined use of route planning services, real time transport information systems and transport
network models, can be used to delegate the task of traffic assignment to agents, on behalf of the
traveller. This approach is described in this section.

6.1.1 Proposed Agent Architecture for Transit Route Management
Figure 28 shows a pictorial overview of the agent based architecture for transit transport management
service. Tactical and operational level agents coordinate with each other in order to maintain feasible
travel plans, meeting the traveller preferences. The agents utilise travel information from services
running on the EuTravel Services Cloud. Thus, the approach assumes the availability of online
information sources (envisaged to be hosted in the EuTravel Services Cloud) and also on open data
protocols such as GTFS and its real-time version. In the past, agent based approaches to travel and
transport management, rarely moved beyond the prototype stage, due to the high costs of obtaining,
fusing and understanding travel related information. The ‘Super Travel API’ proposed by EuTravel,
together with the aforementioned transport information protocols are expected to make the
proposed approach feasible.

6.1.2 Detailed agent modelling
We employ a hierarchical, two-tiered approach to agent modelling. A tactical planner agent is
responsible for the overall trip of the traveller, and it coordinates a number of operational planner
agents, responsible for managing the transit legs of the trip. The operational planner is responsible for
communicating any (expected) deviations from the plan to the tactical planner, such that the tactical
planner can adequately adjust plans when necessary. Since operational planners operate on a
transport infrastructure, it needs the ability to communicate with traffic information systems to
receive up to date status of the infrastructure. The behaviour of the different agent types is described
below.

6.1.2.1

Behaviour of the Tactical Agent

The Tactical Agent maintains the master plan that relates to waypoints (waypoints in general, are
intermediate points on a route or line of travel). In this context, waypoints are locations serviced by
travel services that are bookable/ticketable in advance, such as airports and intercity rail and coach
stations. There are arrival waypoints and departure waypoints that are served by timetabled transit
services. A transit route connects an arrival and a departure waypoint. The Tactical Agent maintains
estimated time of arrival to waypoint, estimated time of departure from waypoint. For two waypoints
wk and wk+1 ta(wk) is the estimated time of arrival at wk and td(wk+1) is the departure time from wk+1. A
transit trip between wk and wk+1 must take at most td-ta - s, where s is the slack time. We call this the
connection time constraint.
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Figure 28. Architecture of the agent based transit route management system

6.1.2.2

Behaviour of the Operational Agent

An operational agent monitors the transit route(s) between two waypoints wk → wk+1. Based on the
original plan received from the Tactical Agent, and the traveller profile, it constructs a transit route
plan that utilises one or more transport modes available along the transit route. It obtains the
timetable information for the transit services from online (static) transport information sources, i.e.
online timetables. In this manner, the operational agent constructs a feasible transit travel plan that
meets the connection time constraint. The operational agent remains active for as long as the journey
leg involving its transit route remains active. During that time, it listens for travel plan updates from
the Tactical Agent, as well as receives real time network updates, from the real time transport
information sources. Such information updates might relate to actual or predicted delays for a
transport service along a transport route. A delayed departure (i.e. in terms of the timetabled time)
belongs to the first category, while an expected delay based on the traffic conditions (e.g. congestion)
along a route, belongs to the second. Based on such updates, it recalculates the travel (transit) time
for the chosen transit route. If the estimated transit time exceeds the connection time constraint, the
operational agent will seek an alternative transit route that satisfies the constraint. If finding such a
route is not possible, the Operational Agent will inform the Tactical Agent. In turn, the Tactical Agent
might have to update the master plan and reschedule the leg of journey beginning with wk+1.
Operational agents depend on receiving real time information about the updates about the transport
services along a transit route. The updates can be for future, predicted arrival/departure events, or
for past events that already occurred. For predicted events there is also an uncertainty value supplied
by the service that the operational agent needs to take into account. Often the services provide
aggregated information which the agent needs to filter. For example, in the case of bus services, the
agent needs to know the boarding and alighting stops that are nearest to the arrival and departure
waypoints and through that filter arrival times for these specific transit points. Some information
services might not provide this level of granularity, reporting instead the overall quality level of the
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service (e.g. ‘good service’). Based on this information, and by referring to static service timetables,
the agent will be able to estimate arrival times for transit points such as metro stations.

6.1.2.3

Agent Messages

Table 6-1 lists the main messages exchanged by the agents. Only operations related messages are
shown, while their technical details are omitted as they are subject to the particular implementation
technology used for agents.
Table 6-1: Agent messages
Sender
Tactical
Planner

Receiver
Operational agent

Tactical
Planner
Travel
notification
service

Operational agent
Operational Agent

Travel
Operational Agent
notification
service
Operational Tactical Agent
agent

Message name
Message description
Notify
arrival The Tactical Planner informs the
time change
operational agent managing relevant
transit routes that the scheduled arrival
time has changed (e.g. moved forward,
delayed, by how much and whether it is
actual or estimated).
Notify departure As above but affecting a departure
time change
waypoint
StopTimeEvent
Realtime update for arrival and/or
departure events for a given stop on a
trip. Notification of issue affecting transit
route (accident, emergency, weather,…)

StopTimeUpdate Realtime update for arrival and/or
departure events for a transit route
Cannot create Operational Agent notifies the Tactical
feasible plan
Agent that it cannot create a feasible
transit plan that meets the connection
time constraint.

6.1.3 Network model
The network model describes the infrastructure on which the travellers (or the vehicles that she/he
uses), can move around. It is a computer model of the physical transit network that needs to be
understood by the planning agents The network consists of nodes and links. The operational agents
described in this report will need to represent internally the transit route they manage. Existing
standards such as the Geographic Data Files (GDF) can be used for these internal network
representations. GDF is an international standard for the creation, modelling, updating, supply and
application of referenced and structured road network data. Level 1 or 2 GDF models can be used for
this purpose. For example the network can be described at GDF Level 1, using 'Road Elements',
'Junctions' and 'Ferry (e.g. bus, rail,…) connections'. Listing 1 shows a simplified partial transit network
representation consisting of train stations (nodes) and links which can be metro, bus and walk transit
routes.
Listing 1: Sample XML based representation of transit network

<?xml version="1.0" encoding="utf-8"?>
<network name="transit routes between Gare du Nord- Gare de Lyon">
<nodes>
<node id="1" GPS-LAT="48.8809°N” GPS-LON="2.3553E”/>
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<node id="2" GPS-LAT=”48.870466N” GPS-LON=” 2.354640E”/>
</nodes>
<links>
<link id="1" from="1" to="2" length="5100.00"
freespeed="20" permlanes="1" capacity="1000" modes="bus" />
<link id="2" from="1" to="2" length="5000.00" capacity="1000"
freespeed="27.78" permlanes="1" modes="metro" />
<link id="3" from="1" to="2" length="5500.00" capacity="5000"
freespeed="12" permlanes="1" modes="bicycle" />
<link id="4" from="1" to="2" length="6000.00" capacity="3000"
freespeed="22" permlanes="2" modes="car" />
</links>
</network>

Each element in the network model has a unique identifier-id. Nodes are described by GPS Latitude
and Longitude coordinate value. Links have attributes: The ‘from’ and ‘to’ attribute reference nodes
and describe the geometry of the network. Additional attributes describe the transport-related
aspects of the network:
•
•
•
•
•

the length of the link, in meters.
the capacity of the link, i.e. the number of vehicles that can pass the link, in vehicles per hour.
the free speed, i.e. the maximum speed at which vehicles are allowed to travel along the link,
In kilometres per hour.
the number of lanes (permlanes) available in the direction specified by the from and to nodes.
the list of modes allowed on the link, e.g. "car, bike, taxi".

6.1.4 Illustrating scenario
We demonstrate the dynamic planning agent architecture using the scenario of a traveller on a trip
from London to Rome. The first leg of this trip is by train between London St Pancras station (a
departure waypoint), and Gare du Nord station in France (an arrival waypoint). The following leg of
the trip is by train from Gare de Lyon in Paris (departure waypoint) to Termini in Rome (arrival
waypoint). The tactical planner agent therefore manages the whole trip while operational agents
manage the transit legs of the trip. The length of the transit routes from Gare du Nord to Gare de Lyon
is approximately 5km and the possible transport modes are walk, bike, metro, bus or car or a mix. For
simplicity we assume that the whole transit leg is executed using only one transport mode.
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Figure 29. Screenshot 1: Proposed route between the two stations, on foot.
Based on travel schedule information received from the Tactical Planner agent, and on the traveller
profile (for example, establishing that the traveller is a keen walker and is travelling light), the
operational agent monitoring the transit routes proposes a walking route between the two stations
as shown in screenshot 1 above, as that plan also satisfies the connection time constraint. Note that
the agent itself does not carry out the actual detailed route planning but instead it employs for that
purpose one of the available route planning services. One such candidate service is the
OpenTripPlanner (http://www.opentripplanner.org/) that provides a range of passenger information
and transportation network analysis features for finding itineraries combining transit, pedestrian,
bike, and car segments.

Figure 30. Screenshot 2: Proposed route between the two stations, on bicycle.

At some point (prior to commencing this transit leg), the Tactical Agent notifies the responsible
Operational Agent about a change to the arrival time to Gare du Nord. The operational agent
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recalculates the travel time for the current plan and observes that the connection time constraint no
longer holds. The operational agent selects an alternative plan that still meets the optimodality
criteria, i.e. a bike trip. However, by calculating time times based on historical data, it finds that a bike
trip will still fail to meet the connection time constraint (Screenshot 2). Thus, the agent proposes the
use of car (taxi) with a travel time that meets the connection time constraints. (Screenshot 3).
It has to be noted that, depending on how far to the future the actual transit journey is, compared to
the time of the decision, the agent will utilise historical data (e.g. static timetables), live data or both.
Thus, transit plans are constructed as early as it is possible but are also rechecked frequently to ensure
that they remain feasible.

Figure 31. Screenshot 3: Proposed route between the two stations, by car.

6.1.5 Concluding remarks
This Section describes the design of a real time adaptive engine for dynamic, spontaneously forming,
optimodal itineraries. The requirements for adaptivity, dynamicity and optimodality has led us to the
choice of an agent architecture. An agent architecture helps breakdown the overall problem of
meeting such requirements, into smaller, more manageable ones. In particular:
•
•
•

Adaptivity: the engine adapts to changing travel conditions
Dynamicity: the engine utilises both static as well as dynamic information such as travel
updates
Optimodality: the planner agents employ optimodality rules in constructing the overall travel
plan as well as the transit plans.

The engine has dependencies on other services provided by the EuTravel Ecosystem such as the
traveller profile service, as well as travel update services. Once such services are fully specified, the
exact interfaces between the planning engine and the other services can be defined. Then, a suitable
agent framework can be selected for implementation.
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6.2 Travel visibility and associated learning and innovation capabilities (ILS)
In recent years, multimodal travel information services have gained a large level of interest from a
wide range of stakeholders notably through large visibility at various ITS and transport related
congresses 4. In this section, examples and good practices of visibility to discover how to support and
reinforce EuTravel’s practices are discussed, thus providing travellers a smoother and more productive
travel experience, using environmentally friendly, collective modes of transport. Eco-efficiency which
is a key element for promoting fundamental changes in the way societies produce and consume
resources, and thus for measuring progress in green growth, has entered in a dynamic way in the
travel industry. Several measures or indicators have been suggested in recent years, such as the
ecological footprint and sustainability showing the path to economic growth with less resource
consumption and pollution. The recent growth of sensitivity to ecological issues has shifted the way
people view travel and energized the rising industry known as eco-tourism which promotes the
environmentally responsible travel. Like many travel operators and companies, EuTravel platform also
offers travel journeys options that support sustainable development and do not impact negatively on
the environment. The user may choose the mean of transportation according to its environmental
sensitivity, i.e., choose a mean of transport that has a lower carbon footprint compared to the other
ones.
Additionally, further innovations in the global travel industry are presented in this section, that take
advantage of the Internet technology to democratize information and choices for all users. As a result,
EuTravel platform steps up and tries to provide the modern traveller not only the most convenient
booking services but also extremely personalized travel experiences. With extensive internet use via
the online and mobile platforms, throughout all stages of the travel experience, stakeholders of the
travel industry are adapting marketing strategies to maximise their visibility and maintain competitive
advantage. It is commonly accepted that travel data aggregation that are essential for creating
marketing policies and strategies, is not a simple task. One of the reasons lie in the fact that different
sources of travel data produce different results especially regarding the financial aspect of travel.
Big Data has blossomed into a big topic among many in the Travel industry because the utilisation of
analytics help all the involved stakeholders to drive informed decision making so as to gain real-time
visibility into end-to-end travel management. The growth of Dig Data is being stocked by the social
graph where travellers are reporting and rating their travel experience into a real-time broadcast. This
significant advantage of extracting the value of the plethora of data gathered, was addressed by the
interactive dashboard created within the EuTravel project. The main goal was the user experience
improvement, the operational efficiency optimisation and the service quality innovation. With the
usage of analytical dashboards, we can visualize the travel pattern activity and forecast future travel
demands. In addition, actionable insights regarding the type of travel, the preferred mode of
transport, the length of the stay and the eco-friendliness of the route can be obtained in an intuitive
and easy to understand format. The Travel Dashboard will empower the travellers to make more
informed decisions by enabling them to thoroughly evaluate and analyse their travel program. On the
other hand, travel managers will be able to review performance and trends, drill-down on reports to
analyse major travel spend categories and benchmark the performance of their programs.
EuTravel dashboard is a user interface within the EuTravel portal since it is directly related with the
actual EuTravel system. It organizes and presents Key Performance Indicators (KPIs) information via
statistics and graphs, so as the system administrator can monitor them. These KPIs has been defined
under 3 categories, functional, non-functional and security and they measure the awareness through
4

http://ec.europa.eu/smart-regulation/roadmaps/docs/2015_move_021_travel_info_services_its_en.pdf
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traffic and content analysis. Once all KPIs and visualizations have been added to the performance
dashboard, all data-driven decisions are transformed to automated processes based on the
predefined key metrics of the system. Security metrics are also used in the dashboard not only
demonstrate the progress toward improving metrics and KPIs such as mean time to remediate highpriority vulnerabilities and exposures, identification of critical assets, and compliance with policy
objectives, but also to measure progress toward identifying where the platform needs support.
There are many advantages concerning the data visualizations. First, descriptive statistics can describe
and simplify data thus communicating complexity quickly. They also enable recognition of patterns
that could not be seen by statistical methods. Last, mistakes and errors in the data collection process
can be often revealed through visualizations and for this reason they can serve as a good and fast
sanity check of the work.

6.3 Optimodal environmental services for improved measurements of
environmental footprint
To comply with the requirements of the project, the development teams were asked to devise a
method of calculating and optimizing the carbon footprint of multimodal itineraries as a metric but
also a sorting criterium. Naturally, this led the teams to research what data was open and available
online to enable such a feature. Without going into much detail, the minimum required data would
be a geographic trail of each itinerary or a valid estimation of the overall distance, the average carbon
emission rate of each vessel per kilometre and a way to quantify it based on its load average or number
of passengers.
The first type of information, unfortunately, is not fully available. Itinerary trail and distance especially
for air and ferry are corporate knowledge, mainly for security reasons, but rail and coach itineraries
can be reproduced using current map technologies. This causes the system to only be able to obtain
partial knowledge, so this is a first type of compromise that the team had to make. For the itineraries
where the data was unavailable, distance was estimated to follow a direct line between the transit
points, taking into account the spherical figure of the Earth. Static trail itineraries enabled more
detailed estimations leading to more accurate results on that end.
The average carbon emission per vessel is another partially problematic area. Datasets are available
online, but they are based on research papers 5 and authority reports 6 that do not always contain all
required information. Additionally, depending on the type of the vessel, the load factor and weather
conditions can dramatically affect the carbon emissions but this information is not available at the
time of the calculation. Therefore, the displayed carbon emissions as retrieved from the NCSRD
optimization module do not take this under consideration.
With these factors considered, carbon emission is calculated using the formula of distance in
kilometres * CO2 emission per kilometre, harnessing all the available information to make this
estimation as accurately as possible. CO2 emission calculation is further elaborated in D2.4.
It should be mentioned that at present EuTravel does not estimate the carbon footprint for the first
and last mile information service (i.e. for the legs covered by cars or taxis). Future implementation of
this feature would entail adopting the best practices for vehicle carbon footprint calculation. The
minimum required data for calculating CO2 emissions per multimodal itinerary are:
5

http://www.martrans.org/docs/publ/REFEREED%20JOURNALS/WMUJMA%20EMISSIONS%202009.pdf

6

http://www.carbonindependent.org/sources_aviation.html#h2
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a)

a geographic trail of each itinerary or a valid estimation of the overall distance,

b)

the average carbon emission rate of each car/vehicle per kilometre and,

c)
a way to quantify it based on its load average or number of passengers. (c) might be
of less importance due to the limited number of passengers per vehicle.
In this case, by adopting a well-to-wheels (WTW) analyses 7 and developing the respective algorithms
for the optimisation module, EuTravel could provide alternative options to the user, promoting
greener transportation means (e.g. biofuel, electric cars etc).

6.4 Semantic interfacing of consortium member’s systems to the Ecosystem,
using the meta-API
6.4.1 Semantic Annotation Approach for Multimodal User Itineraries
6.4.1.1

Introduction

Most travel services rely on the backoffice services of GDSs. These are however, based on legacy
architectures with private networks, specialized hardware, limited speed and search capabilities.
Furthermore, being legacy systems, it can be difficult to interoperate them with other systems and
data sources. For these reasons, semantic web technology is an ideal fit for travel information systems
(Amadeus).
In EuTravel project we have developed an approach to semantically describe travel services as the
basis for developing scalable means for service delivery (service discovery, composition, invocation,
etc.), by using schema.org Actions ontology (Toma, 2016).
In this report, we also propose to use semantic technologies to annotate various parts of a user’s
itinerary in order to ascribe meaning to them, based on the role in the itinerary. Some points for
example could be embarking or disembarking points, whereas in other points the traveller may need
to perform some actions such as check-in. This semantic description of itinerary points can facilitate
services like the travel planner as well as the offering of value adding services to the travellers.
6.4.1.2

Itinerary Tags

For Intermodal travel, we define ROUTE (ITINERARY) to be a linked list of SEGMENTS where the links
between segments are called ACCESS LINKS. The list of SEGMENTS defining one single path through
the road, air, rail or sea network, or a combination of them, from an ORIGIN to a DESTINATION
MAPPING POINT. In this report, we propose a classification of such MAPPING POINTS, and define tags
that we use to annotate them as part of an ITINERARY.
The tags described in Table 6-2 below are classified as mapping related tags. They are not (yet)
formalized as part of some ontology, although this could be the objective of further research. They
were obtained by studying and consolidating the existing literature on travel and transport standards,
namely:
•
•

7

Transmodel (formally CEN TC278, Reference Data Model For Public Transport, EN12896)
The ATA/IATA Reservations Interline Message Procedures-Passenger (AIRIMP) developed by
the members of IATA and ATA.
https://ec.europa.eu/jrc/en/jec/activities/wtw
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•
•

IFOPT (CEN/TS 00278207), a CEN Technical Standard defining a data model for the Identification
of Fixed Objects in Public Transport.
Aviation Information Data Exchange (AIDX) which is the new official world standard for
exchanging flight data between airlines, airports, vendors and systems.
Table 6-2: Itinerary Mapping concepts
Name

Description

Check-in point

A MAPPING POINT can be the area in the passenger terminal
where the allocated range of positions for check-in activities is
located. Check in point can be the same as the boarding point e.g.
in the case of a bus service.

The locations from which the passenger party board and leave a
vehicle. It could be a bus stop, a train station platform, an airport
gate, etc. The debarkation point may or may not coincide with the
destination (freedictionary.com).
A connecting point is an intermediate point in an itinerary at
Connecting Point
which the passenger breaks his/her journey by switching travel
vehicle and possibly travel mode, for example when he/she
transfers from the flight of one airline to a flight of another airline
for continuation of the journey.
This specifies if the MAPPING POINT is used for immigration
Immigration
Clearance clearance purposes. This is useful for checking the
Checkpoint
requirements/constraints for a traveller to continue the journey
beyond a point.
Boarding/debarkation point

6.4.1.3

An example: Travelling from London to Paris by bus and train

Figure 32. Semantic annotation of traveller itineraries
Figure 32 shows an example of semantic annotation of itineraries. In this example, the traveller starts
at Paddington rail station from where he/she catches a bus to St Pancras International station from
where she/he catches the Eurostar rail service to Paris. All points of the itinerary are tagged with the
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relevant tags. A mapping point can be tagged with multiple tags if it serves multiple purposes. In the
example shown shows how a user itinerary can be annotated using the commenting functionality of
Microsoft Word. For example, as in Figure 1, ‘Eurostar departures’ is tagged as a ‘check-in’ point. Both
the traveller and or a traveller assistant tool can utilize this information for different purposes.
Although we used MS Word to simulate the approach, other annotation tools could be utilized for this
purpose. There are many annotation tools for example that are part of ontology development suites.
Most of such tools are used to tag natural language text (corpus) usually with the help of some
ontology. Annotation can also be achieved in a semi- or fully automated way. In our approach with
the help of an annotation tool the different route segments and connection points in the user itinerary
can be annotated with information regarding their type, e.g. purpose, traveller services they provide,
etc. Note also that the itinerary can be described in natural language or in a formalized and structured
way, e.g. in XML. Structured tagged itineraries can be exchanged between tools such as user oriented
GUIs and travel planning systems.

6.5 Data sources
Data sources are one of the most critical components in EuTravel. Any functionality that we wish to
deliver, is tightly associated with data availability. For the purposes of this analysis, we divide the
available data sources under the categories found below.

6.5.1 EuTravel Partners APIs
The EuTravel business representative partners have provided technical partners with their Testing
environment web APIs, in the attempt to emulate the planning and booking of multimodal itineraries
without disrupting their actual businesses. So far, we have received data from the following partners:
•
•
•
•
•
•

Travelport
SilverRail
Trenitalia
Pharos
Brittany Ferries
Distribusion

The term “data” is very vague in this context. Specifically, to satisfy the required functionality for the
purposes of this prototype, we require relatively accurate schedule data for the real-time generation
of multimodal itineraries, but they were not always available. Addressing data availability issues was
one of the core challenges that we had to face during the implementation phase and we did so
adequately to produce a working prototype of the multimodal itinerary planning and booking
application. Similarly, by “data” we mean web services that perform the operations that we want to
support in the EuTravel solution.
Approaching the end of the project, the above GDS’s and operators provided data in the form of
transactional and static web services. In order to avoid an overly long description, we produced Table
6-3 which displays an aggregation of the required types of services along with their availability status
per partner and integration status from the API of APIs.
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Table 6-3: Data source availability and integration matrix

Travelport
Silverrail
Pharos

Schedules

Shopping

Pricing

Booking

Cancellation

Integrated

Integrated

Integrated

Integrated

Integrated

Partially
Integrated
available/integrated
Integrated
Integrated

Integrated

Integrated

Integrated

Integrated

Integrated

Not
available

Integrated

Integrated

Integrated

Not
available

Integrated

Not
integrated
Integrated

Integrated

Integrated

Integrated

Not
available

Brittany Ferries Integrated
(FerryGateway)
Integrated
Trenitalia
Distribusion

Partially available

Integrated

The columns reference the types of services are integral in the development of the prototype
implementation. These categories split in line with the EuTravel workflow and the features aimed for
support. Green “integrated” items mean that the information existes either via a web service or a
static file, and has been integrated to the EuTravel platform. Grey items exist but have not been
integrated to the system, the reason is either that the given service represents an optional step in the
workflow, therefore it was purposely left not integrated to reduce network traffic. Red items are
services that do not exist or the development teams were unable to access for the duration of the
project. These items would have to be addressed should this effort continue towards a commercial
product. Finally, yellow items mean that partial information was available and the development team
had to devise custom ways to obtain them. For the case of Silverrail, accessing schedule data was an
issue due to the agreements between individual operators and the GDS, obtaining this information
would be impossible within the time-frame and the budget of EuTravel, so we obtained schedule
tables in open formats and transformed them to the ones understood by Silverrail’s system. Due to
the complexity of this operation and the lack of direction, this required a considerable effort from the
development team that could have been avoided if schedule information was streamlined and
commonly available using a single protocol of data communication. As for Distribusion, schedules do
not include the time element but are merely a list of “connected stations”, so this case does not enable
full optimization from the respective component.

6.5.2 Third Parties Data Sources
We tried to limit the dependencies from third party data sources, in order to reduce data ownership
and data processing liabilities to external authorities. So far, to produce the current version of the
Optimodality Platform Prototype, we have used data from the following third-party data sources:
•
•
•

Google (Autocomplete, Geolocation, Reverse Geolocation)
NationalRail.co.uk (Real-time schedule changes, disruptions in the UK Rail Network)
OAG (Historical schedule data for Flights)

6.5.3 Open Data Sources – Open APIs
Details of available API’s that could provide access to open datasets have been assembled during the
implementation of project, evaluated and in some cases used (see D4.4 – Part C- Data management
plan).
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7 EuTravel Gateways (access/entry points) to the Ecosystem
7.1 EuTravel User Interface
One of the components implemented as part of the EuTravel Gateways is the user interface of the
EuTravel platform. It is the main access point to the ecosystem, and enables the traveller to plan his
trip with multimodal options through an easy navigation flow. The EuTravel portal has been designed
and implemented in a responsive way in order to provide to the traveller an optimal user experience
and navigation across multiple devices like desktop PCs, tablets and smartphones.
The design took the following into account:
•
•
•
•
•

A research in several travel portals
The EuTravel project vision for an open European market for mobility services
Deliverable D1.1: EuTravel Stakeholder Requirements Specification
Deliverable D2.1: Technology Ecosystem Architecture
Feedback received for a better user experience

A more detailed description of the user Interface of the EuTravel Front-end Optimodal Travel Planner
Web Application described at Deliverable 3.2.

7.2 Security and data quality services
Data quality and security concerns the protection of data of the EuTravel Ecosystem from accidental
or intentional but unauthorised modification, destruction or disclosure through the use of physical
security, administrative controls, logical controls, and other safeguards to limit accessibility. Ensuring
data security within the ecosystem is crucial if you want to remain compliant against the increasing of
data security regulations, as well ensuring that it maintains a good relationship with users and
prospects. Protecting information and ensuring full confidence in data security measures will put
EuTravel in good stead for protection against data loss and data security breaches.
To achieve this outcome software product security must refer to ISO 25010:2011. The security
component of ISO 25010 is composed of five characteristics:
•
•
•
•
•

Confidentiality: to ensure that data is accessible only to those authorized.
Integrity: to prevent unauthorized access or modifications.
Non-repudiation: actions or events can be proven to have taken place.
Accountability: actions of an entity can be traced uniquely to the entity.
Authenticity: the identity of a subject or resource can be proved to be the one claimed.

The model which we refer, combine the characteristics Confidentiality and Integrity, Non-repudiation
and Accountability since they share many attributes in their definitions in ISO 25010. In practice, they
should be addressed together during software development.
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8 Identified issues
Following the project’s official review, we decided to dedicate a chapter to discuss some of the issues
we faced, or identified in the process, while working for the development of the API of APIs and its
integration with the remaining components of the EuTravel platform.

8.1 Minimum Connection Times (MTC)
Halfway through the prototype implementation for the EuTravel Planner, Travelport raised an issue
that was missing from the development team’s interpretation of the orchestration mechanism. The
simple fact that all connections should be handled by enforcing a Minimum Connection Time between
stops or transit locations. Minimum Connection Time as a concept is the minimum time it would
require a person without movement complications to move from the location they just arrived to the
location their next segment leaves from. This time measurement is really critical when it comes to
trips with multiple stops. Even though this can sound like a task that can be handled easily, this is far
from the reality of the situation. This section outlines some parameters of the problem and how the
development team acted in response.
It is logical that when planning a multi-stop and multimodal trip that focuses on long-distance
segments of the itinerary, the passenger will have to manually move between transit points. In some
scenarios, this can be achieved in a few minutes by walking, for example between gates in an airport,
but this is hardly the case when considering airport to train station or airport to port sections. Surely,
this takes into account that all segments leave and arrive on time, for simplification purposes. Airports
and flight operators in general have created and distributed a Minimum Connection Time table that
applies to all combinations of gates, airports, terminals etc. and this information is typically
transmitted to the user during a Low Fare Search request.

8.2 Non-uniformity of results regarding quantity and accommodation options
Another important issue was the differentiation in the business operation between booking tickets
for the various modes. For flights, the process is straightforward, beginning with availability and
pricing, continuing with validation and completing with the actual booking, without any specific
preconditions. A typical response contains numerous results, at different datetimes giving alternatives
to the user. Booking rail tickets is similar, however, local authorities impose limitations on the number
of results and their prioritization. For example, querying availability for a date without providing a
time causes the system to assume that the requested time is midnight and return the first five relevant
results, when our use-case would require a complete list of departure-times for that day. The point
here is that the more dependencies a system has, especially as these dependencies have business
models and processes of their own, the more it becomes subject to their capabilities.
Another issue was the attempt to categorize facilities as “business” or “leisure”. A question then
comes to mind: “With the business-class in flights, which would be the equivalent for the rail, ferry or
coach mode?” This is a question that is not easily answered and would require identifying what are
the available classes of service in each case and how much they fit to the specific business profile. As
vessels differ, so do their facilities and available features. Some might even have compulsory services
that might not accommodate the “economy” or “business” archetypes. Therefore, specifically serving
business travellers would require this kind of analysis to be made.
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EuTravel has a broad vision for supporting the multimodal transport efforts in Europe, and at this time,
this is not something that can be realized by an entity on its own. As far as the author is concerned,
for EuTravel to grow and become more agile, it would have to be a collaborative action where data
owners dictate the flows, have their own technical teams in charge of developing the lifecycle of the
application. This prototype proves that the technical know-how is available but from the feedback
received it was clear that without the proper business directives, it can become fruitless.

8.3 Data availability
This has been referenced many times thoughout this and many other deliverables. It is reasonable to
expect that a system as data-centric as this one can only go so far as the data it can process. In most
cases, the required data was there, but at the same time we encountered issues that blocked certain
areas completely, such as rerouting, disruption alerting etc. The shortcomings we identified were
mostly evident in schedule availability, with the data being available commercially under third-party
contracts contractual agreements (OAG providing flight schedules), or completely unavailable to the
development teams in a compatible format (rail schedules were manually parsed from multiple
datasources and integrated to be compliant with Silverrail’s identification scheme). It is important that
these limitations were overcome for the purposes of the project, but in order for future efforts to be
scalable and maintainable, they would definitely have to be addressed.
Many data owners, depending on their scope of business and country of origin, operate only in the
English language or a few more European languages. This is important as the development of a
multilingual travel portal for Europe would require critical information such as terms of service and
ticket contracts to be available in the language of the traveller. At this time, support for this is partial
and incomplete for project’s vision.
Data availability is not a binary issue in the sense that some data might exist but might be unusable in
its current state. For example, a schedule table might include most itineraries but might not
communicate information such as terminal number, accessibility services or seasonal schedules.
Coming back to the project’s vision, these are all necessary information. Accessibility, in effect, is a
very sensitive subject that cannot be addressed using state-of-the-art technologies. Even though that
all airports provide relevant services, this cannot be guaranteed for all rail stations or coaches.
Moreover, it is also critical to understand that accessibility services rely on professionals, and
therefore it is available during their work-hours, which cannot be known without manual
communication. Addressing accessibility limitations in multimodal itineraries would require deep and
concentrated research in order to be addressed in the upcoming decade.

8.4 Business agreements and on-boarding requirements
It should be highlighted that despite the automation introduced in data formats transformation, a
commercial multimodal service provider would need to set as a requirement from potential API
providers to comply with given specifications (requirements), or to fully support a number of features
either explicitly by exposing relevant services, or implicitly via some type of static datasource. This is
expected to become part of the business agreements at the beginning of the partnership (on-boarding
process), and to be maintained by both/all parties during potential changes or updates.
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9 Conclusions
The work portrayed here has been successful in reaching important milestones in the development
and implementation of the Optimodality Platform. This conclusive report aims to summarize how our
work achieves the goals set in the various areas of research. The most important ones are:
•
•
•
•
•

Integration of numerous external APIs in the air, rail, marine, coach and terrestrial domains.
Data Transformation wrappers between the external and CIM data structures.
The release of the first stable version of the CIM, in a shareable, open format.
The development of an ontology, knowledge graph and semantic annotators, to facilitate
seamless integration of new services in the Ecosystem.
The successful prototyping of the API of APIs, complete with modular orchestration and
caching layers.

More specifically, the approach, design and implementation of the prototype of the Ecosystem
successfully address the following key issues:
Table 9-1: Technical challenges addressed by EuTravel
Specific Challenge

Document Reference

Information about travel itineraries is scattered
across different domains/means of transport
and different companies, thus, different
databases.
Travel information needs to be transformed in a
uniform manner, in order to be able to optimally
and timely serve multimodal itineraries.

Addressed by the API’s registry, that contains
the data providers’ services, categorized and
semantically annotated (presented in section
5.2.1.1.)
The Common information model (CIM) is the
basic domain model that constitutes the
common format used for the consolidation of all
available data structures (elaborated in section
5.2.1.3).
The transformation of data and semantics of the
various API's of available data sources to the
general framework of the CIM, is enabled by
innovations such as semi-automated mappings
(presented in section 5.2.1.2.) The Optimodality
Platform presented in section 5.2, supports the
indexing of multiple external sources of data in
the transport domain, their semi-automatic
transformation to the CIM reference format,
and ultimately their exposure via a single metaAPI, called the API of APIs.
The modelling methodology follows a bottomup approach, which is driven by existing
available data formats and standards from
industry APIs and works upwards ensuring that
all existing concepts are uniquely described.
(Section 5.1)
The APIs registry facilitates flexibility and
extensibility in terms of both on-boarding new
TSP API providers to the ecosystem and

The aforementioned problem can be partially
deduced to a data integration problem,
requiring a solid approach for Data
Transformation (Mapping) and overcoming the
difficulty posed by the heterogeneity in API data
structures.

Common Information Model (CIM) creation.

Flexibility regarding data integration and
maintenance of adapters to external services.
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Specific Challenge

Document Reference

configuring and maintaining their APIs
(discussed in section 5.2.1.1).
Possibility of data overlap between different Machine learning techniques are employed to
sources.
avoid inserting duplicate values, and therefore
having uniform and clean data and no
unnecessary variations. Matching suggestions
between the CIM and any new API are based on
the relevant extraction of semantic similarities
between attributes of the two models. To
eliminate duplication, manual corrections are
allowed (presented in section 5.2.1.2.).
The above offers considerable proof that the concept of a multimodal travel planner and booking
engine is completely achievable at a prototype level. Proceeding towards commercial endeavours
would require much more focus on the legislative and business parts, to provide direction to the
technical teams. The work done here can be considered a fertile ground for future projects due to it
enabling the rapid integration of services to a centralised orchestration provider. The design patterns
used to architect and design the API of APIs are modern and suitable for moving past this stage, but
obtaining the correct and complete data services is crucial for this attempt to flourish.
Some areas where the work was unable to proceed to a respectable level are disruption alerting and
rerouting. The reason was simply the non-availability of data sources to feed these types of services
in the consortium. Even though an important area, it can be considered minor when the project’s
scope and the extent of the work completed is brought into perspective.
Finally, as far as innovation is concerned, we consider the work here to pioneer in some areas of
technical nature that have been documented in detail, especially regarding the dynamic registering
and orchestrating of data services and agents. The modular nature of the EuTravel Platform facilitates
developing value-added services additional to the ones presented, to address individual needs, as the
aggregation of multimodal booking information is a source of great value to stakeholders and
authorities across Europe, especially since the market is growing and travelling is becoming more and
more accessible to people of all ages.
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