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TANG:NT D2.1 Data requirements and available data sources

Executive summary

The gathering of data sources is a fundamental activity to enable the development and testing of the
TANGENT services for multimodal transport network management in the Athens, Lisbon, Manchester,
and Rennes case studies.

This deliverable provides a list of data requirements for the TANGENT services extracted from the
specification of the TANGENT services and case studies reported in D1.2 “NTM needs assessment and
system requirements”, and from the specification of the components that are under development by the
WP3-6 of the project.

Moreover, this deliverable provides the current list of available data sources to fulfil the identified data
requirements. The list has been defined through (i) the creation of data catalogues for the case studies
with the involvement of the TANGENT case study leaders, (ii) the usage of the catalogues to identify
the data sources that fulfil the data requirements, and (iii) refinement and validation of the mappings
between data requirements and the data sources with the project partners.

Finally, this deliverable describes the analysis of the selected data sources with a particular focus on
the following aspects to be managed in the next steps of the project:

- current gaps in fulfilling the data requirements;
- accessibility of data and licensing issues;

- data interoperability issues to be addressed by the TANGENT project through developing the
WP2 solution for data harmonization and fusion (first release at M20).
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1 Introduction

This chapter introduces the objectives of the deliverable and provides an overview of the results
presented.

1.1 Attainment of the objectives and explanation of deviations

This deliverable aims to provide (i) a list of data requirements for the TANGENT services, (ii) available
data sources to fulfil the data requirements, and (iii) data interoperability issues to be addressed by the
WP2 of the project.

Data requirements have been derived from the specification of the TANGENT services and use cases
reported in D1.2 “NTM needs assessment and system requirements,” and from the specification of the
components that are under development by WP3-6 of the project.

Data collection has been performed with the direct involvement of the TANGENT case study leaders.
In parallel with the data requirement elicitation, a data catalogue for each case study has been produced
to have the first map of available data sources. Particular attention has been dedicated to travel and
traffic data available on National Access Points, defined according to EU Directive 2010/40 and all its
supplementing delegated regulations (EU Delegated Regulations 886/2013, 2015/962, 1926/2017). The
produced data catalogues have been then used to identify the data sources that fulfil the data
requirements and potential gaps to be managed by the project.

The analysis of the available data sources has guided the identification of (i) current gaps in fulfilling the
data requirements; (ii) accessibility of data and licensing issues to be solved through the signature of
specific NDA, and (iii) data interoperability issues to be managed by the TANGENT project through the
development of the WP2 solution for data harmonization and fusion (first release at M20).

1.2 Intended audience

This deliverable is mainly intended for project partners, the project officers and the public interested in
the data gathering process, particularly the case study stakeholders and data providers.

1.3 Structure of the deliverable and links with other work packages/deliverables

Section 2 of this deliverable describes the methodology adopted for data requirement elicitation and
provides the list of data requirements for each TANGENT case study.

Then, Section 3 describes all the activities carried out with the direct involvement of case study leaders
and stakeholders to identify open and private data sources to be potentially used for testing the
TANGENT solution. An analysis of the coverage of the collected data sources w.r.t. the identified data
requirements is also provided.

Afterwards, Section 4 reports on data interoperability issues to be solved through the development of
the WP2 solution for data harmonization and fusion.

Concluding remarks are reported in Section 5. The data catalogues produced to support the data
collection activity for each case study are summarised and reported as Annexes I-IV of this deliverable.

In summary, the deliverable provides the first map of TANGENT data requirements, available data
sources, and data interoperability issues to be addressed. The refinement of data requirements and the

9
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related data collection activity is expected to proceed along the project lifecycle to better address the

specifications of the TANGENT services and the use cases.

Figure 1 shows the activities performed by Task 2.1, described in this deliverable, together with
connections with other TANGENT WPs. Task 2.1 has received inputs from WP1 (i.e., specifications of
the TANGENT services and case studies), WP3-6 (i.e., data requirements for the TANGENT
components), and WP7 (i.e., data sources availability). The output of Task 2.1 (i.e., this deliverable) will
guide the activities of Task 2.3 related to the development of the software solution.

data
availability
system requirements
M1 T2.1
Definition of the full
set of data
requirements
Mé
Data collection
M12
Data analysis
M14
Data requirements
M20 and available data
sources
D2.1
M28

data requirements
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feedback|
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data format
requirements

technical
architecture
specifications

T2.3

State-of-the-art
ELERS

Development of the
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TANGENT API for data
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fusion
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data

WP3-7

T2.2

State-of-the-art
analysis

Definition of the
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0
=3
g

Data-sharing

M14

governance model
D2.2
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Figure 1: Connections between WP2 and other WPs
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2 Data Requirements

Data requirements aim to identify which data is necessary to enable the development and testing of the
TANGENT services. Data requirements are specific for each TANGENT case study and are used to
guide the data collection activities (see Section 3).

In this section, the methodology applied for the elicitation of data requirements is described together
with the first list of requirements identified for each case study.

2.1 The methodology for the elicitation of data requirements

To facilitate the understanding and comprehension of the methodology adopted for the elicitation of
data requirements, a short summary of key elements and concepts of the software platform to be
developed in TANGENT is provided. The complete description of these elements is available in D1.2
“‘NTM needs assessment and system requirements.”

e A set of TANGENT services (i.e., Enhanced Information Service for Multimodal Transport
Management, Real-Time Traffic Management Services, and Transport Network Optimization
for Transport Authorities) has been defined. Each service is characterized by specific
functionalities offered to the users.

e Each TANGENT service functionality generates a set of system requirements.

e The system requirements are associated with specific TANGENT components (e.g., WP4-
Supply Forecasting, WP6-Dashboard) that are software solutions under design and
development by TANGENT WP3-6.

e Each TANGENT component is currently defined in terms of expected inputs and outputs to be
produced. The TANGENT component description tables are included in the Technical
Coordination Spreadsheet produced by WP6 (e.g., the WP4-Supply Forecasting requires,
among others, “live road traffic measurements” to produce “forecasting on road traffic status”).

e The TANGENT services will be tested in specific case studies (Athens, Lisbon, Manchester,
and Rennes). The use cases description for each case study provides, among other information,
(i) which TANGENT services will be tested and (ii) the expected visualization and interaction.

Figure 2 shows the methodology adopted for the elicitation of data requirements.

N

. Filtering of Refinement of Validation of
Extraction of .
data data data data List of
. requirements requirements requirements data requirements
requirements for each case for each case by case stud for each case stud
from WP3-6 y v 4

study study leaders

Figure 2: The methodology for the elicitation of data requirements

The first set of data requirements is extracted from the description of the TANGENT components under
definition and development by TANGENT WP3-6. As shown in Figure 3, the data item inputs of each
component that are expected to be provided by TANGENT WP2 solution become data requirements.

11
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Inputs
Data type Format | Accesibility | WP provider

Supply forecasting Traffic forecasting /\

Live Road traffic measurements //DATEX I
(Traffic Occupancy, Speed and RESTAPI | WP2/WPG
Flow) {ts0M)

Component Sub-

TANGENT Component
descriptions

Historical Road traffic
measurements (Trs

affic csv Rawdata | WPZ/WP6
Oceupancy, Speed and Flow)

Topic Data Requirement Type Requiring C
~3 ROAD TRAFFIC MEASUREMENTS (traffic Real time Traffic Forecasting (WP4)
TRAFFIC occupancy, speed, flow) Data Visualisation Present (WP6)
Data Requirements Historical Traffic Forecasting (WP4)
Real ti Traffic F ting (WP4
Table - FLOATING VEHICLE DATA (GPS, mobile, etc) e raffic Forecasting (WP4)
Historical Traffic Forecasting (WP4)
COMPUTED TRAVEL TIMES Real time/Expected Synchronization of DRT with Transit Modes (WP5)
TRAVEL Data Visualization - Future (WP6)
HISTORICAL TRAVEL TIMES COLLECTED Historical Synchronization of DRT with Transit Modes (WP5)

Figure 3: Extraction of data requirements from TANGENT component descriptions available in the Technical
Coordination Spreadsheet

The second step of the methodology consists of producing a data requirement table for each case study.
As mentioned above, the data requirements are extracted from the description of the TANGENT
components that enable the TANGENT services. Therefore, the data requirement table for a specific
case study includes only the requirements associated with the services to be tested?.

The third step of the methodology consists of refining each case study's data requirement table. The
use case descriptions of the TANGENT case studies include the tables “Visualization and Interaction”
that identify the data expected to be visualized by the users?. Moreover, the WP1 workshops with
stakeholders, reported in D1.2, supported collecting their needs and expectations in using the
TANGENT services. The analysis of these results enables the refinement of each data requirement
table with more specific requirements related to the case study.

In the last methodological step, the case study leaders are involved in validating the identified
requirements. In this document we provide a first and consolidated version of the collected and validated
of data requirements. Nevertheless, during the following stages of the project, additional data sources
may be required, so the collection\and validation of data requirements will be an iterative process.

The results of each step of the methodology will be described in the next sections.

2.2 Data Requirements

This section describes the result of the first step of the methodology, where data requirements are
extracted from the descriptions of the TANGENT components. Table 1 represents the first list of data
requirements, each associated with the TANGENT components requiring it.

Currently, 36 data requirements have been identified that can be grouped by topics, as follows:

e 11 data requirements related to road and public TRANSPORT NETWORK;
e 5 data requirements related to ROAD TRANSPORT;

1 The list of services being tested in each case study is reported in Table 1 of D1.2 “NTM needs assessment and
system requirements.”
2 The reader can refer to Tables 8, 16, 22 and 29 of D1.2 “NTM needs assessment and system requirements.”
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e 8 data requirements related to PUBLIC TRANSPORT services;
e 9 data requirements related to INFLUENCING FACTORS (e.g., weather, planned events);
e 3 OTHERS data requirements related to DCP policy zone, DRT fleet characteristics and other

transportation modes.

It is important to note that the list of data requirements presented in Table 1 does not include
requirements associated with some of the components (in particular WP4 and WP5 components) that
will be fulfilled by data sources extracted or derived from the calibrated transport models. The types of
data sources that will be extracted from the calibrated transport models are:

DRT disaggregated demand
Public Transport Fleet characteristics
Traffic control plans

OD road travel demand matrix (aggregated, disaggregated)
Public Transport OD demand matrix (aggregated, disaggregated)

These data requirements are not included in the overall data collection process discussed in this
document since the calibrated transport models from which they will be extracted are general
requirements for the TANGENT solution and were already identified. The existing transport models, for
the different case studies, are listed in the TANGENT Deliverable "D1.2 NTM needs assessment and

system requirements”.

Topic Data Requirement

ROAD TRANSPORT
NETWORK (roads, limited
access zones, etc)

ROAD EQUIPMENT POSITION

PUBLIC TRANSPORT
NETWORK

TRANSPORT ROAD

NETWORK Real time
DATA TRANSPORT

NETWORK

EVENTS (planned) L
Historical

PUBLIC
TRANSPORT
NETWORK
EVENTS (planned)

Real time

Historical

ROAD
TRANSPORT Real time
NETWORK

Requiring Components

Data Processing - Current traffic state (WP4)
Supply Forecasting - Traffic forecasting
(WP4)

Dashboard - Data visualisation present (WP6)

Data Processing - Current traffic state (WP4)
Supply Forecasting — Traffic forecasting
(WP4)

Dashboard - Data visualisation present (WP6)
Data Processing - Current traffic state (WP4)
Supply Forecasting - Traffic forecasting
(WP4)

Dashboard - Data visualisation present (WP6)
Critical Conditions - Anomalous event
detection (WP4)

Dashboard - Data visualisation present (WP6)
Monitoring Module (WP6)

Critical Conditions - Anomalous event
detection (WP4)

Critical Conditions - Anomalous event
detection (WP4)

Dashboard - Data visualisation present (WP6)
Monitoring Module (WP6)

Critical Conditions - Anomalous event
detection (WP4)

Critical Conditions - Anomalous event
detection (WP4)

Dashboard - Data visualisation present (WP6)
Monitoring Module (WP6)
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INCIDENTS

(unplanned) Historical
PUBLIC _
TRANSPORT Real time
NETWORK
INCIDENTS
(unplanned) Historical
Real time
ROAD TRAFFIC I
MEASUREMENTS
(traffic occupancy,
speed, flow)
Historical
ROAD .
TRANSPORT N LG
FLOATING
VEHICLE DATA
(GPS, mobile, etc) L
Historical
ROAD TRAVEL TIMES
(external services, statistics, etc)
SCHEDULES AND LINES
PUBLIC TICKET VALIDATION DATA
TRANSPORT (e.g., smart card usage)
FLOATING PT Real time
VEHICLE DATA
(GPS, mobile, etc) N
Historical
DELAYS Real time

Critical Conditions - Anomalous event
detection (WP4)

Critical Conditions - Anomalous event
detection (WP4)

Dashboard - Data visualisation present (WP6)
Monitoring Module (WP6)

Critical Conditions - Anomalous event
detection (WP4)

Data Processing - Current traffic state (WP4)
Supply Forecasting - Traffic forecasting
(WP4)

Demand Estimation - Demand prediction
(WP4)

Dashboard - Data visualisation present (WP6)
Supply Forecasting - Traffic forecasting

(WP4)
Demand Estimation - Offline demand
estimation (WP4)

Data Processing - Current traffic state (WP4)
Supply Forecasting - Traffic forecasting
(WP4)

Supply Forecasting - Traffic forecasting
(WP4)

Demand Estimation - Offline demand
estimation (WP4)

Data Processing - Current traffic state (WP4)
Demand Estimation - Offline demand
estimation (WP4)

Synchronization of DRT with Transit Modes
(WP5)

Dashboard - Data visualisation present (WP6)

Data Processing - Current traffic state (WP4)
Supply Forecasting - Traffic forecasting
(WP4)

Synchronization of DRT with Transit Modes
(WP5)

Synchronization of Public Transport and
Traffic Control (WP5)

Dashboard - Data visualisation present (WP6)

Demand Estimation - Demand prediction
other modes (WP4)

Data Processing - Current traffic state (WP4)
Supply Forecasting - Traffic forecasting
(WP4)

Supply Forecasting - Traffic forecasting
(WP4)

Data Processing - Current traffic state (WP4)
Supply Forecasting - Traffic forecasting

(WP4)

14
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Historical

Real time
OCCUPANCY

Historical

WEATHER DATA

(measurements, Real time
e.g., temperature,

humidity, air quality,

etc) Historical
Real time
WEATHER
EVENTS
Historical
INFLUENCING Real time
FACTORS FORECASTED
WEATHER DATA ) )
Historical

HOLIDAY/SEASONAL
CALENDAR

PLANNED EVENTS Realtime
(sport,
entertainment, etc)

Historical

AREA OF DCP POLICY ZONE

DRT FLEET
CHARACTERISTICS

OTHERS
DATA ABOUT OTHER
TRANSPORTATION MODES
(shared mobility, taxis, etc)

Supply Forecasting - Traffic forecasting
(WP4)

Demand Estimation - Offline demand
estimation (WP4)

Data Processing - Current traffic state (WP4)
Supply Forecasting - Traffic forecasting
(WP4)

Supply Forecasting - Traffic forecasting
(WP4)

Supply Forecasting - Traffic forecasting
(WP4)

Dashboard - Data visualisation present (WP6)
Supply Forecasting - Traffic forecasting
(WP4)

Supply Forecasting - Traffic forecasting
(WP4)

Dashboard - Data visualisation present (WP6)
Supply Forecasting - Traffic forecasting
(WP4)

Supply Forecasting - Traffic forecasting
(WP4)

Supply Forecasting - Traffic forecasting
(WP4)

Supply Forecasting - Traffic forecasting
(WP4)

Supply Forecasting - Traffic forecasting
(WP4)

Critical Conditions - Anomalous event
detection (WP4)

Monitoring Module (WP6)

Critical Conditions - Anomalous event
detection (WP4)

Dynamic Congestion Pricing (WP5)

Synchronization of DRT with Transit Modes
(WP5)

Dashboard - Data visualisation present (WP6)
Dashboard — Smart network load balance
(WP6)

Dashboard — Cooperative incident
management (WP6)

Monitoring Module (WP6)

Table 1: List of data requirements identified for TANGENT services

To support the identification of relevant gaps in the availability of data sources for each TANGENT case
study, we also collected the priority associated with TANGENT components requiring it. Table 2 reports
the priority for each data requirement, grouping them by the WP responsible for developing the

components.
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ROAD TRANSPORT
NETWORK (roads, limited High Low High
access zones, etc)
ROAD EQUIPMENT .
POSITION High Low Low
PUBLIC TRANSPORT .
NETWORK Low Low Medium
ROAD TRANSPORT Real time High Not required High
NETWORK EVENTS
TRANSPORT Historical = High | Not required = Not required
NETWORK (planned) g q q
PUBLIC TRANSPORT | Real time High Not required High
NETWORK EVENTS - , , _
(planned) Historical High Not required | Not required
ROAD TRANSPORT Real time High Not required High
NETWORK INCIDENTS . . . _
(unplanned) Historical High Not required | Not required
PUBLIC TRANSPORT | Real time High Not required High
NETWORK INCIDENTS o _ _ _
(unplanned) Historical High Not required | Not required
ROAD TRAFFIC Real time High Not required High
MEASUREMENTS
(traffic occ;:par;cy, speed, | Historical High Not required | Not required
ow
ROAD FLOATING VEHICLE Real time High Not required | Not required
TRANSPORT | 2" (5pS. mopil — . _ _
( , mobile, etc) | Historical High Not required | Not required
ROAD TRAVEL TIMES
(external services, Medium Medium Medium
statistics, etc)
SCHEDULES AND LINES High High High
TICKET VALIDATION
DATA (e.g., smart card Low Not required | Not required
usage)
- FLOATING PT VEHICLE Real time High Not required | Not required
DATA (GPS, mobile, etc g 3 i 3 :
TRANSPORT ( ) | Historical High Not required | Not required
Real time High Not required | Not required
DELAYS o _ : _
Historical High Not required | Not required
Real time High Not required | Not required
OCCUPANCY
Historical High Not required | Not required
WEATHER DATA Real time Low Not required Low
(measurements, e.g.,
INFLUENCING tempergtuafﬁ?t&hggd'ty, ar | Historical Low Not required | Not required
FACTORS :
Real time Low Not required Medium
WEATHER EVENTS o _ _
Historical Low Not required | Not required

16
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OTHERS

D2.1 Data requirements and available data sources

. Priority Priority Priority
Data Requirement Type WP4 WP5 WP6
FORECASTED Real time Low Not required | Not required
WEATHER DATA Historical Low Not required | Not required
HOLIDAY/SEASONAL . .
CALENDAR Low Not required | Not required
PLANNED EVENTS Real time Low Not required Medium
(sport, entertainment, etc.) | pistorical Low Not required | Not required
AREA OF DCP POLICY Not . .
ZONE required Medium Not required
IR A2 2] bl Low Not required
CHARACTERISTICS required q
DATA ABOUT OTHER
TRANSPORTATION Not Low Medium
MODES (shared mobility, required
taxis, etc)

Table 2: Priorities for each data requirement considering the TANGENT components to be developed

2.3 Filtering and refining data requirements

As explained above, the methodology's second and third steps consist of producing a data requirement
table for each case study thought:

. Filtering out from Table 1 requirements associated with services not to be tested by the case

study;
Refining the requirements focusing on specific characteristics of the case study, based on the

(.

inputs from the pilot cities stakeholders.

Table 3 shows how the data requirements in Table 1 are refined for each case study:

e Data requirements related to “DRT Fleet Characteristics” and “Area of DCP Policy Zone” will no
longer be considered for the Lisbon, Manchester, and Rennes case studies since they are
associated with the TANGENT services “CIM - Synchronization of on-demand and PT services”
and “NLB — Dynamic Congestion Pricing” that will be tested only in Athens.

e The data requirements for the case studies are refined according with:

O O O O O O O

o

the expected type of road traffic measurements;

the type of requested floating vehicle data;

specific external services providing travel times;

the type of requested statistics related to travel time;

the type of requested weather data;

specific data related to road transport network and equipment;
specific events on the transport network to be considered;

the considered PT modes.

e Several data requirements do not apply to the Athens case study. Considering that it will be a
virtual case study, the data requirements for Athens are mainly associated with data sources
needed to (re-)calibrate the Athens transport model.

Topic

TRANSPORT
NETWORK

Data Requirement Athens Lisbon Manchester Rennes

ROAD TRANSPORT
NETWORK (roads,

Reserved bus

Yes
lanes

Yes Yes
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limited access zones,

etc)
Traffic lights, Scé(r?;—cx’s
ROAD EQUIPMENT Traffic | Traffic loops, Y Traffic lights,
Traffic :
POSITION loops Cameras, Signals Traffic loops
Other sensors VMS
PUBLIC TRANSPORT | Bus, | S©OPSTOrBUs, | g\ ong | Stopsfor Bus,
NETWORK Metro Tram, Train, Tram Tram, Train,
Metro Metro
Postions, | Fostione, | FPostione
NETWORK EVENTS Yes d . fth q ) ¢ d ) ¢
(planned) uration of the uration o uration o
event the event the event
PUBLIC TRANSPORT Z?:r':'ggj
NETWORK EVENTS No Yes Yes !
(planned) duration of
the event
ROAD TRANSPORT Positions, Positions, Positions,
NETWORK Yes start and start and start and
INCIDENTS duration of the | duration of duration of
(unplanned) event the event the event
PUBLIC TRANSPORT Positions,
NETWORK Yes Yes Yes start and
INCIDENTS duration of
(unplanned) the event
ROAD TRAFFIC Traffic Traffic flows,
MEASUREMENTS counters, Traffic Congestion of
) Yes .
(traffic occupancy, Tolling counters Reserved Bus
speed, flow) transaction Lanes
FLOATING VEHICLE Floating Car
ROAD DATA (GPS, mobile, No C-ITS data Yes S (ECD)
TRANSPORT etc)
Waze,
ROAD TRAVEL TIMES TomTom, Journey Floating Car
(external services, No Google Maps, time for g
et Data (FCD)
statistics, etc) etc. for routes
Journey time
SCHEDULES AND BUS Bus, Tram, Bus and Bus and
LINES Train, Metro Tram Metro
TICKET VALIDATION Bus and
DATA (e.g., smart card Yes Yes Yes
Metro
usage)
PUBLIC FLOATING PT
TRANSPORT | VEHICLE DATA (GPS, No Bus and Tram Bus Bus
mobile, etc)
DELAYS No Yes Tram Bus and
Metro
OCCUPANCY No | Busand Tram Tram Bk’/f’ and
etro
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(ticketing
data)
WEATHER DATA _Weather
(measurements, e.g nformation
S No Yes Yes and
temperature, humidity, . i
etc) air quality
data
WEATHER EVENTS No Yes Yes Yes
FORECASTED
WEATHER DATA g ves ves ves
National
HOLIDAY/SEASONAL | Voe Voe er?q‘i’r‘]’gg”
CALENDAR holida
INFLUENCIN s
G FACTORS -
Major events
(Web Summit,
Jornadas da
Large Juventude, Concerts Specific
eveﬁts Rock in Rio, football ’ events,
PLANNED EVENTS NOS Alive), SPACE
. at the matches,
(sport, entertainment, . sport events : Event,
outskirt . public
etc) (major football Stade
s of match) transport Rennais
Athens ! strike
cultural matches
events
(Santos
Populares)
AREA OF DCP
POLICY ZONE ves e e o
DRT FLEET
Yes No No No
OTHER CHARACTERISTICS
DATA ABOUT OTHER
TRANSPORTATION
MODES (shared No Yes Yes Yes
mobility, taxis, etc)

Table 3: Filtered and refined list of data requirements considering the current version TANGENT case studies

19



TANG:NT D2.1 Data requirements and available data sources

3 Data Source Collection

3.1 Approach and Objectives

The data collection activity aims to identify data sources available for the four TANGENT case studies.
In TANGENT, each case study city defines the mobility and transport context independently, highlighting
the transport modes peculiar to the project and other relevant information.

The available data sources for the various transport modes are diverse and often defined through
different formats. For this reason, in conjunction with the definition of the data requirements outlined in
Section 2, a TANGENT catalogue is created to have a broader view of the various types of data
available for each case study.

At the moment of writing this deliverable, each catalogue is an excel document consisting of:

e two sheets with guidelines to compile the catalogue and general information on the case study;
e asheet for each transport mode with the metadata description of the identified data sources;
e the last sheet with contextual data sources useful for the project (e.g., environmental data).

The TANGENT catalogues are not currently in their final form; indeed, the final version of the TANGENT
catalogues will be an instance of a metadata catalogue, a digital platform supporting the sharing, reuse,
and governance of distributed digital assets. This metadata catalogue will be customized according to
the TANGENT metadata profile and data sharing governance that will be described in D.2.2 “Data
Sharing Governance Model”.

Figure 4 describes the different phases of the data collection task. The goal is to release a tool that
collects data sources described according to a metadata profile common to all the case studies.

DATA
REQUIREMENTS

/ﬁ (D2.1 Section 2)
Co ) @D
g" ( N B

é General Metadata TANGENT
. : Data
e Infermation Profile Collection Catalogues
Collection Definition Analysis DATA
£ INTEROPERABILITY
1 ISSUES

WP7 (D2.1 Section 4)
Use Cases Catalogue iti
g TANGENT Additional
Structure Data
Catalogues
Grant
Agreement

Definition Sources

P —

DCAT-AP
& other

Case Studies
Leaders
Information

%

Figure 4: Graphical representation of the data source collection task.

initiatives
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The phases of the data collection task are:

e Phase 1: General Information Collection & Catalogue Structure Definition: in this initial phase,
a set of guidelines for compiling the catalogue is provided with general information on the case
study.

e Phase 2. Metadata Profile Definition: different data sources must be described according to
specific metadata. The activity carried out in this phase consists of the definition of a reference
metadata profile to describe all data sources homogeneously and uniformly.

e Phase 3: Data Source Collection: gathering data sources requires continuous interaction among
the TANGENT partners. In particular, WP2 is involved in frequent interactions, still in progress,
with case study leaders and their stakeholders. The aim is to obtain a catalogue of data sources
as complete as possible to support strategic decisions to be taken for subsequent project tasks.
A clear definition of the catalogue structure and the adopted metadata profile is needed to
facilitate data collection and to provide a comprehensive description of the data sources. For
this reason, iterations between Phase 2 and Phase 3 are necessary.

e Phase 4. TANGENT Catalogues Analysis: The data sources described in the catalogue are
analyzed in this phase. The analysis aims to assess the availability of data sources to cover the
data requirements identified for the case study (see Section 2). Furthermore, an analysis of
available open data catalogues and data services is performed to identify additional data
sources that could be used to fill gaps in the mapping between data requirements and data
sources available in the catalogues.

The overall goal of the data collection is to create, for each case study, a catalogue of available data
sources to facilitate the mappings between these data sources and the data requirements throughout
the project lifecycle.

The TANGENT catalogues must be considered the first consolidated release of the data collection
activity. However, during the following stages of the project, additional data requirements may arise,
requiring further data collection and the update of the data catalogues.

3.2 TANGENT Metadata Catalogues

This subsection provides a detailed description of each phase of the data collection activity.
3.2.1 Phase 1: The structure of the catalogues and general information

The first objective of Phase 1 is to provide a high-level description of the transport systems of each
TANGENT case study to guide the data collection task.

Starting from the TANGENT Grant Agreement, a set of general information defined for each TANGENT
case study is gathered. This information mainly refers to two main categories:

e General aspects of the city, such as the size, transport infrastructures, and connections. High-
level information about transport stakeholders is also provided.

e Obijectives defined by the case study leader as strategic improvements of the transport system.
These objectives include, for example, transport optimization, enhancement of sustainable
transport, cooperative incident management, reduction of congestion, actor cooperation, and
others. The list of the objectives for each case study is reported in the sheet titled
"NAME_GENERAL_INFOQO" of the related catalogue, along with a brief description.

For each case study, the data sources may be numerous and very different. They may provide, for
example, data related to public transport timetables or traffic conditions. Others may be related to
sensors of various types, infrastructure, transportation and traffic control systems, telecommunication
systems, maps, and environmental data. The goal is to bring out aspects peculiar to the available data
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sources for each means of transportation. For this reason, the second objective of Phase 1 consists in
structuring the data catalogue to facilitate the description of all the available data sources.

The categorization defined in the context of the H2020 project Momentum? has been adopted to guide
the collection and description of the data sources. Table 4 reports the considered data source categories
(i.e., Transport Supply, Transport Demand, Maps & Cartography, and Driving Behaviour). Sub-
categories are defined to support a more specific categorization of the data sources. Finally, examples
of data source types are given for each sub-category. These examples do not aim to provide a
comprehensive list of data source types but only to guide their categorization.

Table 4 is reported in the excel sheet titled "CATALOGUE_GEN_INFO" of each TANGENT Catalogue.

Public Transport
Schedules and Lines

Public transport supply

Fleet size and composition

GPS traces from public transport vehicles
Real-time public transport data

Transport Network
Geometry

Transport Network Databases, Open Street Maps, etc.

Transport Network
Performance

Traffic state and behaviour: volume, speed and
occupancy data from loop detector, on-ramps, off-ramps,
cameras, C-ITS infrastructure, GPS/FCD data, etc.
Travel times: Google Maps API or similar services, travel
times from Bluetooth sensors and/or GPS traces, travel
times from ANPR, C-ITS infrastructure, etc.

Traffic Control

Intersection control: type of intersection (stop sign, traffic

Transport : S . o
supply signal, etc.), type of traffic signal, S|gr_1al timing plan, etc.

Ramp metering: type of ramp metering, metering plan,
location of traffic sensors, etc.

C-ITS Infrastructure RSU location and technology, LTE location and
technology, C-ITS available services, etc.

On-demand Mobility Taxi, Ride h'alllng and Demand Responsive Transport:
stop, fleet, trips, etc..
Station-based (bike/moto/scooter/car/...)-sharing
system: stations locations and capacity, fleet size and

. composition, vehicle availability, etc.

L] Lo Free-floating (bike/moto/scooter/car/...)-sharing system:
fleet size and composition, trips, GPS traces, operational
zone, eftc.

. Off-street parking lots
FELLE On-street parking lots

Transport Public Transport Aggreg_ated: OD Matrix, Passenger counts from
Demand sensorized buses, etc.

3 https://h2020-momentum.eu/
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Disaggregated: Smart Card Validations for urban buses,
metro/underground, suburban trains, tram, etc.

Shared Mobility

Aggregated: OD Matrix
Disaggregated: (bike/moto/scooter/car/...)-sharing trips
(origin, destination, timestamp, etc.), GPS traces, etc.

On-demand Mobility

Aggregated: OD Matrix, use statistics, etc. from taxis,
ride-hailing/sharing, demand responsive transport or
other on-demand modes

Disaggregated: FCD or trip data from taxis, ride-
hailing/sharing, demand responsive transport or other
on-demand modes

Cycling

Aggregated: OD Matrix, Counts from sensors, Wi-Fi
detectors
Disaggregated: GPS tracking, Bluetooth detectors

Pedestrian

Aggregated: OD Matrix, Counts from sensors, Wi-Fi
detectors
Disaggregated: GPS tracking, Bluetooth detectors

Travel Mobility

Aggregated: OD Matrix or Aggregated Statistics from
Household surveys, stated preference survey
Disaggregated: Microdata from household surveys,
revealed preferences (real trajectories) from Google
Maps Timeline, trip chains (real trajectories) from
smartphone crowd-sensed data (proprietary data)

Car Traffic

Aggregated: OD Matrix, counts or volumes from loop
detectors/sensors, link counts, intersection turning
counts.

Disaggregated: FCD (e.g., INRIX — proprietary data)

Opportunistic
Data Sources

Telecommunication Data (Call Detail Records), Social
Media, etc.

Aggregated: Periodical snapshots of parking occupancy.

Parking Disaggregated: parking transactions, vehicle entry/exit
events
Weather & Weather sensors, Weather Information services, Air

Environmental data

Quality sensors, pollution data, etc.

etc.)

Maps & Transport related events | Roadworks, traffic incidents, etc.
Cartograph i
y Social, Cultural or Local events database
Sportive Events
Points of Interest GIS database, Google Maps and similar APIs
Naturalistic driving data | Data from telematics applications (e.g., O7 Telematics —
Driving (accelerations, braking, | proprietary data)
Behaviour speeding, harsh events,

Table 4: List of potential data sources to be collected in the TANGENT project.

The available data sources for each case study must be uniquely identified in the data catalogue. A
guide for defining such a unique identifier is also provided in "CATALOGUE_GEN_INFO". The
convention for the data source's IDENTIFIER naming is as follows:
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e Three capital letters to identify the case study the data source refers to;
o “REN”is used for Rennes
o “LIS” is used for Lisbon
o “ATH” is used for Athens
o “MAN”is used for the Manchester

e Four capital letters to identify the subject (e.g., transportation mode) the data source is about;
o “BUST” means bus transportation mode

“‘“METR” means metro transportation mode

“CARS” means car transportation mode

“TRAM” means tram transportation mode

“‘RAIL” means railway transportation mode

“BIKE” means bike-sharing transportation mode

“‘AIRQ” means air quality data

“‘DEMR” means demand-responsive transportation mode

“CITS” means cooperative intelligent transport systems

“TRAF” means road traffic data

“‘OTHD” means other data

e Two digits to indicate a progressive number of the data source.

O O O O O O O O 0 O

For example, the identifier REN_BUST 03 indicated the third data source collected by TANGENT
related to the bus transportation of Rennes.

3.2.2 Phase 2: TANGENT metadata profile

From a general point of view, metadata represents information about data. They enrich data by making
it easy to define, use, and manage the information that can be extracted from them.

Metadata can be classified differently depending on the information they add. For example, some of
them provide information about the sources of the data, their type and access rights; others provide
information about how data is organized, its structure and relationships. Again, others provide more
descriptive information related to the content represented by the data and the context they refer to.

The main advantage arising from the usage of metadata is that it allows users to obtain information that
is both clear and consistent with the relevant context, about the provenance of the data, and it is also
possible to track the data along with their sources.

Having settled down the role and relevance of metadata, the objective of Phase 2 consists in defining
a reference metadata schema to describe all data homogeneously and uniformly, regardless of their
source.

A state-of-the-art analysis has been performed to guide the definition of a reference metadata schema
for the TANGENT catalogues. In particular, the analysis focused on DCAT, DCAT-AP, TransportDCAT-
AP, and the Coordinated Metadata Catalogue.

e DCAT“is an RDF vocabulary designed to describe data catalogues using a standardized set of
classes and properties. It facilitates the interoperability among data catalogues published on the
web and allows to easily find and use data. Using DCAT, publishers increase discoverability
and applications easily consume metadata from multiple catalogues. The new updated DCAT

4 DCAT Version 2, W3C Recommendation (2020),
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version 2 (DCAT-v2) adds to previous versions a data service cataloguing assistance or API
and provides support in expressing relationships between data sources.

e DCAT Application Profile (DCAT-AP) [1] is an extension of DCAT developed to include
classes and properties that the initial vocabulary did not consider. DCAT-AP is an ontology that
contains mandatory, recommended, and optional classes and properties to make it easier to
adapt to different domains.

e TransportDCAT-AP [2] extends DCAT-AP to improve the representation of metadata relevant
for the transportation domain. The profile considers that the nature of the public transport data
is geospatial, thus defining the metadata related to this type of information as mandatory. In
addition, a specific set of admissible keywords is defined to standardise the range of metadata
properties (i.e., the values that can be associated with property) and enable domain-related
queries, e.g., considering specific transportation modes.

e Coordinated Metadata Catalogue [3]: National Access Points (NAPs) are established at the
legislative level, according to EU Regulations 2017/1926 [4], 885/2013 [5], 886/2013 [6], and
2015/962, to make national transport data accessible. A specific effort of EU EIP WG NAP [7]
is the harmonization of metadata of European NAPs. A first agreement is found in the form of
the “Coordinated Metadata Catalogue”. It allows the description and discovery of the most
relevant features of NAP datasets. It is worth noting that the “Coordinated Metadata Catalogue”
already contains a mapping with standard vocabularies such as EU-EIP, DCAT-AP [8] and
INSPIRE [9].

In compliance with ongoing initiatives and projects (e.g., the NAPCORE project®), DCAT-AP version
2.0.0 has been selected as the starting point to define the TANGENT metadata profile. An extension of
DCAT-AP will be produced to cover the specificity of TANGENT data sources. The definition of the
TANGENT metadata profile is an iterative work that will be finalized and documented in Deliverable 2.2
“Data-sharing governance model”. Table 5 reports the current version of the metadata profile adopted
to describe data sources in the data catalogues. The metadata needed to fill the profile will be provided
by the TANGENT case study leaders, data owner/producer and/or other stakeholders and
complemented with context (location, date, time) and available information.

METADATA DESCRIPTION
IDENTIEIER It corresponds to the data source unique identifier. It is defined according
to the guideline reported in the new sheet "CATALOGUE_GEN_INFO".
CATEGORIES The field is defined by choosing an item from the provided list in the

sheet "CATALOGUE_GEN_INFQO".

The field is defined by choosing an item from the provided list in the
sheet "CATALOGUE_GEN_INFO".

It corresponds to the type of data source. Examples of such field are
reported in the sheet "CATALOGUE_GEN_INFO.

SUB-CATEGORIES

DATA SOURCE TYPE

DATA SOURCE It corresponds to the name of the data source. This name has to be as
NAME explicative as possible.
DATA SOURCE

DESCRIPTION It is a complete description of the data source content.
It corresponds to the provider(s) of the data source (e.g., transport
PROVIDER authorities, operator, etc) and/or the platform (e.g., NAP, open data
platform) that stores/captures the data.
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TYPE

TEMPORAL
GRANULARITY

TEMPORAL SCOPE

GEOGRAPHICAL
GRANULARITY

GEOGRAPHICAL
SCOPE

AVAILABILITY

ACCESSIBILITY
DATA SOURCE URL

DATA SCHEMA

FORMAT
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It corresponds to the type of the data (e.g., static, historical, real-time).

It is the temporal aggregation of the data (e.g., minutely, hourly, weekly,
monthly or event-based).

It is the timeframe of the data source (e.qg., last year, 31st December
2020, 2017-2021, specific period, etc...).

It represents the geographical aggregation of the data (e.qg., streets,
stops, neighbourhoods, lanes, city, region).

It corresponds to the geographical coverage of the data (e.g., group of
streets, specific area, city, metropolitan area, region, national).

The field corresponds to the availability of data (e.g., open data, available
only under agreement, released with specific licenses).

It specifies how to access the data source (e.g., direct download, API).
It corresponds to the URL of the data source.

It is the schema of the data source (e.g., GTFS, NeTEX, TransXchange,
SIRI, etc) or, if a custom one is used, it corresponds to the link to the
schema description document (e.g., swagger).

It refers to the format of the data (e.g., XML, CSV, JSON).

Table 5: The TANGENT metadata profile

3.2.3 Phase 3: Data collection

For each TANGENT case study, the data collection process is carried out by involving the case study
leaders in describing the public and private data sources in the data catalogue according to the defined
metadata profile (Phase 2). To facilitate the activity, each catalogue has been structured in different
sheets, each dedicated to a specific transportation mode. Each sheet contains only the metadata
description of data sources related to that transportation mode. For example, Table 6 shows the excel
sheet related to the bus data available for the Rennes case study.

IDENTIFIER REN_BUST_01 REN_BUST_02 REN_BUST_03

DATA TRANSPORT_SUPPLY | TRANSPORT_SUPPLY | TRANSPORT_ SUPPLY
CATEGORY - - -

DATA Transport Network Public Transport Public Transport

SUB-CATEGORY

Geometry

Schedules and Lines Schedules and Lines

DATA SOURCE
TYPE

Map

Real-time public

Lines of the buses transport data

DATA SOURCE
NAME

topologie-des-points-
darret-de-bus-du-
reseau-star

tco-bus-vehicules-
position-tr

parcours-des-lignes-de-
bus-du-reseau-star

DATA SOURCE
DESCRIPTION

Station topological
map. List of bus stops
in the STAR network,
including their name,

Position of buses in
circulation on the STAR
network in real time

Bus routes of the STAR
network
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municipality and
geolocation
PROVIDER Rennes Metropole Rennes Metropole Star Data Explore
| . . . : Real time (every
TYPE Static/mapping Static/mapping minute)
| TEMPORAL .
GRANULARITY | NA s L))
TEMPORAL . . :
SCOPE since 2015 since 2015 since 2014
| detailed geometry of
GEOGRAPHICAL : .
GRANULARITY stop coordinates the route between bus coordinates
stops
| CEOCRAPHICAL metropolitan metropolitan metropolitan
SCOPE P P P
AVAILABILITY | open data open data open data
ACCESSIBILITY | direct download, API direct download, API direct download, API
g%??él?gfgjssgf'ms Parcours des lignes de | Position des bus en
DATA SOURCE . bus du réseau STAR — | circulation sur le réseau
réseau STAR — Open .
URL Open Data Rennes STAR en temps réel —
Data Rennes
(rennesmetropole.fr) STAR Data Explore
(rennesmetropole.fr)
DATA SCHEMA | Not available Not available Not available
csv, json, excel, geo- csv, json, excel, geo- csv, json, excel, geo-
FORMAT . : . : . :
json, shapefile, kml json, shapefile, kml json, shapefile, kml

Table 6: Example of Bus data sheet of Rennes Data Catalogue

The data collection is a process that requires continuous interactions with case study leaders, who
contribute with information and data, as well with as reviews and updates. In this context, the TANGENT
metadata profile is also subject to change since new metadata could become relevant for a better
description of the available data sources. For this reason, iterations between Phase 2 and Phase 3 have
been performed.

The TANGENT catalogues must be considered as the first consolidated release of Phase 3, i.e., the
first map of available data sources for each TANGENT case study. However, during the following stages
of the project, additional data requirements may arise, requiring further data collection and the update
of the data catalogues.

3.2.4 Phase 4: TANGENT catalogue analysis

The TANGENT catalogues are analyzed in Phase 4. The analysis aims to verify the completeness,
accuracy, and consistency of each metadata description included in the catalogues. Particular attention
is given to the validation of the data source URL to control the data accessibility. Collaboration with the
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case study leaders has been requested to enhance the metadata quality and make the catalogues as
complete as possible. Annexes I-1V report the main information collected through the TANGENT data
catalogues at the moment of writing this deliverable.

After this step of metadata quality checking, Phase 4 proceeds with the mapping between data
requirements (see Figure 4) and the data sources included in the catalogues.

Since feedback in terms of system and user requirements from the stakeholders involved in the co-
creation processes was necessary to define the data requirements, they have not been able to guide
the data collection process from the beginning. To establish contingency measures and speed up the
data collection process, the aforementioned data catalogues were established. Therefore, the data
requirements have been used to filter the necessary data sources from the data catalogues and to
identify gaps.

The rest of this section describes the current status of the mapping between the data requirements and
available data sources for each case study. The mapping is shown through a dedicated table derived
from Table 3 and structured as follows:

e Data requirements (column “Data Requirement”) clustered by topic (column “Topic”) relevant
for the case study;

¢ Refinement information (column “Refinement”) specific for the case study;
e Type of data needed (column “Type”);

e The ID and a short description of the selected data sources to fulfil the data requirements
(column “Data Collection Mappings”). The detailed metadata description of the data sources
is available in the Annexes I-IV.

The mapping process is complemented by an additional activity performed with the case study leaders
to identify national/regional data portals and initiatives that already collect mobility data and could be
used to enhance the data collection in the following stages of the TANGENT project. Furthermore,
scouting of data services available online (free and/or requiring an access fee) has been performed to
identify a list of data sources that could fulfill specific data requirements.

The list of identified data portals and online data services is reported in Table 7. The possibility of using
these data sources to cover data requirements for a case study is mentioned in the next sub-sections.

CASE STUDY DATA PORTAL DESCRIPTION

National Access Point for transport data related to
Delegated Regulation 2017/1926

The Authority's Observatory collects data from
players in the rail transport, road passenger
RENNES transport and motorway sectors (railway, coach,
TRANSPORT . :
- bus station and road development, highways). It
OBSERVATORY . o
publishes quarterly and annual activity reports as
well as specific studies and surveys on these
markets.

FRENCH NAP®
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RUDI®

PORTUGUESE NAP!

LISBON
LISBOA ABERTA!?
TENtec INTERACTIVE
MAP VIEWER?3
GB DATA SOURCES*
MANCHESTER

TRANSPORT DATA
GOV

8 https://rudi.datarennes.fr/

The RUDI project is a European project (2019-
2022) supported by Rennes Metropole and
funded by the European Union as part of the UIA
program®.

RUDI's objective is to enable administrations,
private companies, associations and researchers
in Rennes Metropole to easily access a wide
variety of data in order to produce services of
general interest that respect privacy.

The RUDI interface consists of a web portal for
accessing data from the territory to promote their
use and its functioning is based on the creation of
a meta-catalogue of data.

In the ambit of the TANGENT project, RUDI could
act as the Rennes Metropole data provider of
reference, i.e., as a single access point to the
Rennes available data sources. The -current
implementation of RUDI® contains 383 data
sources, of which 48 tagged with the Mobility and
Transportation thematic.

Portuguese NAP related to Delegated
Regulations 885/2013, 886/2013, 962/2015,
1926/2017. The Multimodal Information of
Portuguese NAP is under development. A limited
set of data sources are available (10) represented
with heterogeneous data model (GTFS, NeTEX).

Lisbon Open Data Portal with Mobility information
(in Portuguese language) and data sources. The
portal refers to 43 mobility data sources. No
classification is provided for the data sources.

Interactive Map Viewer about C-ITS Stations. The
information is represented on a map.

Website listing numerous UK Transport data
sources

National Data Portal: access point of possible
data sources (Delegated Regulations: 1926/2017,
962/2015, 886/2013, 885/2013)

9 https://uia-initiative.eu/en/uia-cities/rennes-metropole

10 https://rudi.bzh/catalog
11 https://nap-portugal.imt-ip.pt/nap/home
12 https://lisboaaberta.cm-lisboa.pt

13 https://ec.europa.eu/transport/infrastructure/tentec/tentec-portal/map/maps.html

14 https://bustimes.org/data

15 Results applying the Transport filter on hitos: //data gov.uk
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NATIONAL PUBLIC | (LOT8 PO Honeport access pon ofpossie
TRANSPORT ACCESS -9 b
16 Stops Data for different transport modes (buses,
NODES (NapTAN) e
tram, metro, rail stations, etc.)

The Overpass API is a read-only API that can be
OVERPASS APIY/ used to retrieve selected portions of the Open
Street Map data.

Available data services online offering access to
weather forecast data, alerts, and historical
data: OpenWeatherMap API'® (weather
forecast), Weatherbit API° (weather forecast
and alerts), AccuWeather API?° (weather
conditions), Visual Crossing API2! (weather
forecast and historical data), AerisWeather API22
(weather alerts, conditions, forecasts).

ALL WEATHER APIs

Available data services online offering access to
HOLIDAYS APIs holidays data: Abstract Holidays APIZ,
Timeanddate Holidays API?4.

Table 7: Available data portals and online data services to identify additional data sources
3.2.4.1 Data Collection: Lisbon case study

Table 8 reports the current status of the mapping between data requirements and available data sources
for the Lisbon case study.

ROAD TRANSPORT
NETWORK (roads, limited gg‘l’ere‘j by OVERPASS
access zones, etc)
Traffic LIS _CITS_ 01 (RSU
TRANSPORT lights, locations - GPS
NETWORK i '
ROAD EQUIPMENT Traffic coordinates)
loops, LIS CARS_06
POSITION ; .
Cameras, (Intersection control info)
Other LIS CARS_07 (Speed
sensors and lane control signs,

16 https://data.gov.uk/dataset/ffO3ffc1-6656-47d8-9155-85ea0b8f2251/national-public-transport-
access-nodes-naptan

17 https://wiki.openstreetmap.org/wiki/Overpass_API

18 https://openweathermap.org/api

19 https://www.weatherbit.io/api

20 hitps://developer.accuweather.com/

21 hitps://www.visualcrossing.com/weather-api

22 https://www.aerisweather.com/support/docs/api/

23 hitps://www.abstractapi.com/api/holidays-api

24 hitps://dev.timeanddate.com/holidays/
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traffic counters and
classifiers info)

LIS TRAM_03 (CARRIS
Schedules, Lines and

PUBLIC TRANSPORT B‘T’JtsopTSr;?; Tram locations)
NETWORK Train. Metro LIS BUST_02 (CARRIS
' Schedules, Lines and
Bus locations)
ROAD TRANSPORT Fs’?asr't“ggz' Real time
NETWORK EVENTS duration of
(planned) the event | Historical
PUBLIC TRANSPORT Real time
NETWORK EVENTS ) )
(p'anned) Historical
LIS_CITS_03 (C-ITS
. Declared incidents)
positions, | "¢ M€ | 1S CITS 05 (Traffic
ROAD TRANSPORT start and incidents info sharing)
NETWORK INCIDENTS durat ¢
(unplanned) uration o LIS_CITS_03 (C-ITS
the event Historical Declared incidents)
LIS_CITS_05 (Traffic
incidents info sharing)
PUBLIC TRANSPORT Real time
NETWORK INCIDENTS ) )
(unplanned) Historical
Real time
LIS_CARS_01
ROAD TRAFFIC Traffic (Motorways traffic
MEASUREMENTS counters, counters)
(traffic occupancy, speed, Tolling Historical | LIS-CARS_04
flow) transaction (Motorways tolling
transactions)
LIS_CARS_05 (Urban
roads traffic counters)
SO LIS_CITS_02 (C-ITS
TRANSPORT Real time _ - -
FLOATING VEHICLE CAITS data CFD)
DATA (GPS, mobile, etc) N LIS _CITS_ 02 (C-ITS
Historical = -
CFD)
Waze, LIS TRAM_04 (CARRIS
ROAD TRAVEL TIMES Tngolm’ Tra? network
(external services ooge performance)
statistics, etc) ’ Maps, etc. LIS BUST 04 (CARRIS
’ for Journey Bus network
time performance)
LIS_TRAM_03 (CARRIS
PUBLIC Bus, Tram, Schedules, Lines and
TRANSPORT SR ERLE =S e =S Train, Metro Tram locations)

LIS_BUST_02 (CARRIS
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Schedules, Lines and
Bus locations)

TICKET VALIDATION
DATA (e.g., smart card
usage)

LIS_TRAM_01 (CARRIS
Tram Ticket validations)
LIS BUST_01 (CARRIS
Bus Ticket validations)

LIS TRAM_03 (CARRIS
Schedules, Lines and
Tram locations)

FLOATING PTVEHICLE | Busand | Realtime |, "5 o1 0o (CARRIS
DATA (GPS, mobile, etc) Tram Schedules, Lines and
Bus locations)
Historical
Real time
DELAYS o
Historical
Real time
LIS TRAM_02 (CARRIS
OCCUPANCY Bus and Tram Passengers
Tram Historical | Counts)
LIS_BUST_03 (CARRIS
Bus Passengers Counts)
WEATHER DATA Real time Covered by WEATHER
(measurements, e.g., APls
temperature, humidity, air istorical Covered by WEATHER
quality, etC) Historica APls
. LIS CITS 04 (C-ITS
Real time .
Weather event warnings)
WEATHER EVENTS
N LIS_CITS_04 (C-ITS
Historical Weather event warnings)
INFLUENCING o WEATHEE&
FACTORS Real time | ~overedby
FORECASTED APIs
WEATHER DATA N Covered by WEATHER
Historical
APls
HOLIDAY/SEASONAL Covered by HOLIDAYS
CALENDAR APIs
PLANNED EVENTS Real time
(sport, entertainment, etc) Historical

OTHERS

DATA ABOUT OTHER
TRANSPORTATION
MODES (shared mobility,
taxis, etc)

Table 8: Mapping between data requirements and available data sources (LISBON case study)
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The current status of the data collection for the Lisbon case study can be summarized as follows:

e 18 data sources have been selected from the Lisbon data catalogue to cover the data
requirements. All the selected data sources are currently not accessible. Further investigation
and potential specific agreements with the data owners/providers are needed.

e The main gaps are represented by the lack of data sources related to:

o real-time traffic measurements;
o data related to events/incidents on the road transport and public transport network;
o data related to public transport delays.
e The TANGENT project is going to solve the mentioned gaps and issues through the following

actions:

o continuous scouting of available data sources in collaboration with Lisbon’s case study

leader and stakeholders;

o continuous working on making specific data sources available;

o definition and signature of NDA for having access to private data from organizations not
directly involved in the project;

o creation of data sources for testing purposes (e.g., creation of historical data sources
through the collection of real-time data, computation of delays from public transport
floating vehicle data and expected schedule);

o re-discussion of TANGENT services or specific functionalities to be tested in Lisbon.

Table 9 reports the current status of the mapping between data requirements and available data sources

for the Manchester case study.

Topic Data Requirement
ROAD TRANSPORT
NETWORK (roads,
limited access zones,
etc)

ROAD EQUIPMENT
POSITION

TRANSPORT
NETWORK

PUBLIC TRANSPORT
NETWORK

ROAD TRANSPORT
NETWORK EVENTS
(planned)

Refinement

CCTV,
Sensors,
Traffic
Signals,
VMS

Bus and
Tram

Positions,
start and
duration of
the event

Type

Real time

Historical

Data Collection Mappings
Manchester

Covered by OVERPASS API

TFGM_CARS_02 (Mapped
location of CCTV and VMS -
Location of assets - Google
my maps)

TFGM_CARS_03 (Mapped
location of traffic signal
assets)

TFGM_CARS_05 (Real time
traffic flow and vehicle
classification on Highway
network, sensor location)

TFGM_BUST_02 (Fixed bus
stop locations)

TFGM_CARS_12 (Future
planned roadworks, sporting
events/concerts road
closures, diversions)

TFGM_CARS_12 (Future
planned roadworks, sporting
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events/concerts road
closures, diversions)

Covered by Road Transport

statistics, etc)

Real time | Network Incidents for buses
PUBLIC TRANSPORT and trams
NETWORK EVENTS
(planned) Covered by Road Transport
Historical | Network Incidents for buses
and trams
TFGM_CARS_17 (Crowd
sourced info from app users
ROAD TRANSPORT | Positions, | Real time | " Incidents they log about
NETWORK start and the network) -
INCIDENTS duration of TFGM_OTHD_01 (Collision
(unplanned) the event data each year)
Histori TFGM_CARS_13 (Incident
istorical . -
location, duration, impact)
Covered by Road Transport
PUBLIC TRANSPORT Real time | Network Incidents for buses
NETWORK and trams
INCIDENTS Covered by Road Transport
(unplanned) Historical | Network Incidents for buses
and trams
TFGM_CARS_05 (Real time
traffic flow and vehicle
classification on Highway
network, sensor location)
TFGM_CARS_06 (Highway
ROAD TRAFFIC Real time count/classification, turning
MEASUREMENTS Traffic movement, speed, journey
(traffic occupancy, counters time, sensor location)
speed, flow) TFGM_CARS_14 (Real time
flow, speed, journey time for
strategic road network -
carriageway loops)
ROAD
TRANSPORT Historical
TFGM_CARS 04 (Real time
FLOATING VEHICLE Real time | journey time data from
DATA (GPS, mabile, Bluetooth sensors)
etc)
Historical
TFGM_CARS 14 (Real time
ROAD TRAVEL Journey flow, speed, journey time for
TIMES time for strategic road network -
(external services, routes carriageway loops)

TFGM_CARS_16 (Crowd
sourced journey time data
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obtained by Waze tracking
its app users)
SCHEDULES AND Bus and TFGM_BUST_01 (Current
bus route and scheduled bus
LINES Tram .
timetable)
TICKET VALIDATION
DATA (e.g., smart
card usage)
FLOATING PT Real time
VEHICLE DATA Bus
PUBLIC . L
TRANSPORT (GPS, mobile, etc) Historical
TFGM_TRAM_01 (Real time
Real time | departure data and network
DELAYS Tram status)
Historical
Real time
OCCUPANCY Tram
Historical
TFGM_AIRQ_01 (Sensors
WEATHER DATA Real time for hourly ambient air quality
(measurements, e.g. concentration)
temperature, humidity, Covered by WEATHER APIs
air quality, etc) L
Historical | Covered by WEATHER APlIs
Real time | Covered by WEATHER APIs
WEATHER EVENTS
Historical | Covered by WEATHER APlIs
Real time | TFGM_OTHD_2 (Met Office
FORECASTED Weather DataHub)
INFLUENCING WEATHER DATA
FACTORS Historical | Covered by WEATHER APIs
HOLIDAY/SEASONAL
CALENDAR Covered by HOLIDAYS APIs
TFGM_CARS_12 (Future
Real time planned roadworks, sporting
events/concerts road
PLANNED EVENTS closures, diversions)
(sport, entertainment,
etc) TFGM_CARS_12 (Future
L planned roadworks, sporting
Historical
events/concerts road
closures, diversions)
Rl {Ifgj':a/ls_tﬁgr? \I/Ecﬁgrlnes and
OTHERS OTHER path)
URANSHOIRUTAITON TFGM_BIKE_01 (Cycle trips,

35



TANGC=

D2.1 Data requirements and available data sources

NT

MODES (shared
mobility, taxis, etc)

availability of bike hire, dock
locations)

Table 9: Mapping between data requirements and available data sources (MANCHESTER case study)

The current status of the data collection for the Manchester case study can be summarized as follows:

e 18 data sources have been selected from the Manchester data catalogue to cover the data
requirements. All the 18 selected data sources are open data accessible with the URL reported
in the Manchester catalogue;

e The main gaps are represented by the lack of data sources related to public transport data
(floating vehicle data, ticket validation, occupancy).

e The TANGENT project is going to solve the mentioned gaps and issues through the following

actions:

O

o

O

O

continuous scouting of available data sources in collaboration with Manchester’'s case
study leader and stakeholders;

definition and signature of NDA for having access to private data from organizations not
directly involved in the project;

creation of data sources for testing purposes (e.g., creation of historical data sources
through the collection of real-time data);

re-discussion of TANGENT services or specific functionalities to be tested in
Manchester.

3.2.4.3 Data Collection: Rennes case study

Table 10 reports the current status of the mapping between data requirements and available data
sources for the Rennes case study.

ROAD TRANSPORT REN_BIKE_06 (Cycling
NETWORK (roads, Reserved facilities and traffic calming
limited access zones, bus lanes zones)
etc) Covered by OVERPASS API
ROAD EQUIPMENT | Traffic lights,
POSITION Traffic loops
REN_BUST_01 (Station
topological map. List of bus
UREGHEFOLEY Stops for ?r:gllcsjsdllg ﬂ‘:ﬁe?r-rr’;?ngetwork,
NETWORK | PUBLIC TRANSPORT P aing 1 v
NETWORK Bu_s, Tram, municipality and geolocation)
Train, Metro REN_BUST 06
(Geographical data of the
STAR network: physical
stops)
it : REN_TRAF_03 (Winter traffic
ROAD TRANSPORT |~ ~0SONS: | Real time | o izviony (
NETWORK EVENTS | = .~ REN_TRAF_03 (W -
lanned . . B _ Inter traffic
(P ) the event | Historical | 5o ooy
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PUBLIC TRANSPORT F;?;Fggﬁ’ Real time
NETWORK EVENTS | 5. "' @
(planned) the event Historical
REN_BUST_07 (Real-time
- traffic alerts on STAR
NETWORK start and REN_TRAF_01 (Winter traffic
(unplanned) the event
Historical
REN_BUST_07 (Real-time
traffic alerts on STAR
PUBLIC TRANSPORT | Positions, Real time network lines)
NETWORK start and REN_METR_01 (Status of
INCIDENTS duration of the STAR metro lines
(unplanned) the event network in real time)
Historical
REN_TRAF_02 (Gross
Floating car data data on the
intra-Metropolitan perimeter
(Speed, Transit time)
REN_TRAF_07 (Traffic data
from counting stations in
Real time | Traffic Management Centre
control - Metropolitan)
ROAD TRAFFIC | Traffic flows, REN_TRAF_08 (Traffic count
MEASUREMENTS | Congestion on national and county
(traffic occupancy, | of Reserved council roads - DIRO)
plans, ramp access status)
ROAD REN_TRAF_07 (Traffic data
TRANSPORT from counting stations in
Traffic Management Centre
Historical | control - Metropolitan)
REN_TRAF_09 (Traffic count
on national and departmental
roads - DIRO)
FLOATING VEHICLE Floating Car Real time
DATA (GPS, mabile, Data (ECD
etc) ( ) Historical
ROAD TRAVEL
TIMES Floating Car
(external services, Data (FCD)
statistics, etc)
PUBLIC SCHEDULES AND Bus and REN_BUST_02 (Bus routes
TRANSPORT LINES Metro of the STAR network)
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REN_BUST_05 (List of
services on the bus routes of
the STAR network, including
the order of the service)
REN_METR_02 (Schedules
and lines for metro)

TICKET VALIDATION Bus and REN_METR_03 (Ticketing
DATA (e.g., smart card M data from the Cleunay
etro .
usage) Station)
REN_BUST_03 (Position of
buses in circulation on the
STAR network in real-time)
. REN_BUST_04 (Geolocation
FLOATING PT Real time - _ _
VEHICLE DATA (GPS, Bus of the STAR network buses in
mobile, etc) real time that are in service
' with information on the new
ticketing equipment)

Historical

Bus and Real time

DELAYS Metro

Historical

REN_METR_03 (Ticketing
Real time | data from the Cleunay
Station)

Bus and dREtN?M E'I;E_(ési (Ticketing
Metro ata from the Cleunay
QECUPANCY (ticketing Station) '
data) Historical | REN_BUST_08 (Maximum
ridership level per STAR line)
REN_BUST_09 (Monthly
agregated Bus and metro
occupancy data)

REN_AIRQ_01 (Air quality
from vehicles)
REN_AIRQ_02 (Air quality
from fix stations)
REN_AIRQ_03 (Air quality
WEATHER DATA in\;\c/)?r?ltgt?(;n from LoRa sensors)
INFLUENCING @ (measurements, e.g. and REN_OTHD_04 (Current
FACTORS  temperature, humidity, | . quality conditions API)
air quality, etc) data REN_AIRQ_01 (Air quality
from vehicles)
REN_AIRQ_02 (Air quality
from fix stations)
REN_AIRQ_03 (Air quality
from LoRa sensors)

Real time

Historical
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Real time | REN_OTHD_06 (Weather

WEATHER EVENTS alarms API)
Historical | Covered by WEATHER APIs
REN_OTHD_05 (Forecast

FORECASTED Realtime | \p))
WEATHER DATA

Historical | Covered by WEATHER APIs

National
HOLIDAY/SEASONAL e{f}ﬁiﬁg” REN_OTHD_02 (Le
CALENDAR : calendrier scolaire)
holiday
calendar

REN_OTHD 01 (Stade
. rennais games season
Specific | Real time | calendar)

events, REN_OTHD_03 (SPACE
PLANNED EVENTS SPACE event dates)
(sport, entertainment, Event,

Rennais rennais games season

matches Historical | calendar)
REN_OTHD_03 (SPACE
event dates)

REN_BIKE_01 (Station

locations)
REN_BIKE_02 (Stations
topology)
REN_BIKE_03 (Real-time
DATA ABOUT OTHER status of stations)
TRANSPORTATION REN_BIKE_04 (Counts of
Ol Sz MODES (shared cycles)
mobility, taxis, etc) REN_BIKE_05 (Counts of

pedestrian)
REN_BIKE_07 (Secure
bicycle parks)
REN_BIKE_08 (Real time
bike service occupation)

Table 10: Mapping between data requirements and available data sources (RENNES case study)

The current status of the data collection for the Rennes case study can be summarized as follows:

e 35 data sources have been selected from the Rennes data catalogue to cover the data
requirements. Among the 35 selected data sources:

o 28 data sources are open data accessible with the URL reported in the Rennes
catalogue;

o 7 data sources are currently not accessible and further investigation and potential
specific agreements with the data owners/providers are needed.

e The main gaps are represented by the lack of data sources related to:
o road equipment position;
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o planned events (e.g., maintenance) related to road and public transport;
o additional floating vehicle data not related to public transport;
o data related to public transport delays.

e The TANGENT project is going to solve the mentioned gaps and issues through the following
actions:

o continuous scouting of available data sources in collaboration with Rennes’ case study
leader and stakeholders;

o definition and signature of NDA for having access to private data from organizations not
directly involved in the project;

o creation of data sources for testing purposes (e.g., creation of historical data sources
through the collection of real-time data, computation of delays from public transport
floating vehicle data and expected schedule);

o re-discussion of TANGENT services or specific functionalities to be tested in Rennes.

3.2.4.4 Data Collection: Athens case study

Table 11 reports the current status of the mapping between data requirements and available data
sources for the Athens case study.

According to the DoA, TANGENT is planning a virtual case study for Athens. For this reason, some
data sources will be generated for the specific purposes of the case study.

[T o T | S

ROAD TRANSPORT foacinetwork Open Street
NETWORK (roads, Map) P
Jigste a‘;‘z)ss AU ATH_CARS_02 (Athens
road network NTUA)
ROAD EQUIPMENT o\ ATH_CARS_05 (Loop
POSITION P detectors positions)
ATH_BUST_02 (Bus station
PUBLIC TRANSPORT Bus. Metro maps)
NETWORK ’ ATH_METR_02 (Metro
TRANSPORT network)
e S LIRS A To be generated for the
NETWORK EVENTS . 9
virtual case study
(planned)
ROAD TRANSPORT
NETWORK INCIDENTS T'o be generated for the
virtual case study
(unplanned)
PUBLIC TRANSPORT
NETWORK INCIDENTS To be generated for the
virtual case study
(unplanned)
ROAD TRAFFIC Real ATH_CARS_03 (Traffic data
ROAD MEASUREMENTS time about flow, speed, loop loc)
TRANSPORT (traffic occupancy, S
Historical
speed, flow)
ATH_BUST 01 (Bus lines
PUBLIC SCHEDULES AND Bus. Metro timetables)
TRANSPORT LINES ’ ATH_BUST_03 (Bus line
routes)
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Data Collection Mappings
Athens

ATH_METR_01 (Metro
timetables)
ATH_BUST_04 (Bus
demand, passengers per
stop)

ATH_METR_03 (Metro
demand, passengers per
station)

Topic Data Requirement Refinement Type

TICKET VALIDATION
DATA (e.g., smart card
usage)

PLANNED EVENTS

INFLUENCING (sport, entertainment To be generated for the
FACTORS port, etc) ' virtual case study

AREA OF DCP POLICY To be generated for the
ZONE virtual case study

OTHERS DRT FLEET To be generated for the
CHARACTERISTICS virtual case study

Table 11: Mapping between data requirements and available data sources (ATHENS case study)

The current status of the data collection for the Athens case study can be summarized as follows:

e 11 data sources have been selected from the Athens data catalogue to cover the data
requirements. Among the 11 selected data sources:
o 8 data sources are open data accessible with the URL reported in the Athens data
catalogue;
o 3 data sources are currently not accessible and further investigation and potential
specific agreements with the data owners/providers are needed.

e The selected data sources currently fulfill all the data requirements identified. Additional data
requirements may emerge during the assessment of the Athens transport model, i.e., for the
calibration of the model.

e 6 data sources will be generated by the TANGENT project for the specific scenarios of the
Athens virtual case study.

e The TANGENT project is going to solve the mentioned gaps and issues through the following
actions:

o continuous scouting of available data sources in collaboration with Athens’s case study
leader and stakeholders;

o definition and signature of NDA for having access to private data from organizations not
directly involved in the project;

o creation of data sources for testing purposes (e.g., generation of data sources for the
virtual case study, creation of historical data sources through the collection of real-time
data).
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4  Data Interoperability

This chapter discusses the data interoperability issues that WP2 should address in the definition of a
TANGENT solution for data harmonisation and fusion. We propose a structured analysis considering
the five challenges of data interoperability depicted in Figure 5.

Q

3
2 — N
1 /

/

|
= -1

Figure 5: Challenges to implement data interoperability

Each challenge can be described using a question:

e LOCATE: which data is available and where?

e ACCESS: how to obtain the data needed?

¢ HARMONISE: how to convert data according to the needed data model?
e INTEGRATE: how to ensure different data sources can be merged?

e EXTRACT: how to consume harmonized and integrated data?

In the following sections, each challenge is analysed considering inputs from the literature
[10][11][12][213] and the issues assessed within the TANGENT project during the collection of data
sources made available for each case study.

The generic scenario analysed in this chapter is represented in Figure 6. Given a set of stakeholders,
we want to enable interoperability of their data. Therefore, in this chapter, we define a data catalogue
as a generic web portal that describes a set of data sources (datasets and data services) and possibly
provides also hosting/storing capabilities. Considering different data catalogues (e.g., Data Catalogue
1 and 2), each of them may contain:

e datasets in different formats and/or using different data models (A, B, C)
e data services relying on different specifications and technologies (I, II)
e metadata describing data sources according to different profiles (d,e)
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Data
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Data Catalogue 1 | Data Catalogue 2

Figure 6: Generic scenario considering different data catalogues and data sources

4.1 Locate

The first challenge is the findability and discoverability of data. Data cannot be re-used and (made)
interoperable if they cannot be found. For this reason, data catalogues/portals are implemented
providing a solution to describe data sources, i.e., datasets and data services, through a set of
metadata. The challenge is associated with the definition of a proper description of data sources and
with several potential issues related to the interoperability of different data catalogues.

The findability of data can be implemented by having an online description of data through a set of
common and machine-readable metadata. Potential issues are:

[LOCATE-1] Data are not published and/or described online.
[LOCATE-2] Data are published online without providing metadata.

[LOCATE-3] Data are published using metadata that are not in a machine-readable format, i.e.,
they can not be automatically processed by automated agents (e.g., for querying).

[LOCATE-4] Data are published with metadata information (e.g., metadata field value) provided
in an unstructured format.

[LOCATE-5] Data are published using custom metadata fields instead of relying on standardised
vocabularies (may cause ambiguity issues).

[LOCATE-6] The metadata quality is not sufficient, and metadata does not provide a proper
description of the data resource.

The second aspect of this challenge is related to the interoperability of data catalogues and/or, in
general, to solutions hosting data and their descriptions. Potential issues are:

[LOCATE-7] Metadata cannot be programmatically retrieved and/or ingested from the data
catalogue.

[LOCATE-8] Metadata adopted by different catalogues rely on different vocabularies and require
a harmonisation process to enable federated querying.

[LOCATE-9] Metadata fields/properties adopting literal values (e.g., describing the category of
a dataset) may cause string comparison issues (e.g., the same category called “public transport”
in a catalogue and “public transportation” in another one).

[LOCATE-10] Metadata may require manual inspection and/or editing, possibly related to
incorrect usage of metadata fields/properties.

4.2 Access

Once data sources are located, the second challenge for enabling data interoperability is related to data
accessibility. Data catalogues adopt different strategies for data access mainly associated with the
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architectural choices for the hosting and storage of static and dynamic data sources. Potential issues
related to this aspect are:

e [ACCESS-1] Data catalogues do not provide a direct mechanism (URL, API, etc.) to
download/access the data resource.

e [ACCESS-2] Interface (URL, API, etc.) provided to download/access the data resource is no
longer valid and/or accessible.

e [ACCESS-3] Access to the data requires different user authentication mechanisms (e.g., a
token-based mechanism), possibly not directly handled by the data catalogue.

e [ACCESS-4] Access to the data requires specific authorizations for the user that may not be
granted through a digital procedure (e.g., it requires signing an agreement between the parties).

e [ACCESS-5] Different versions of the same data resource are available, but it is not possible to
access the specific version needed (e.g., URL pointing to a previous version of the data).

e [ACCESS-6] Access to the data is provided through an external API, possibly using a custom
interface not documented in the data resource description.

e [ACCESS-7] Access to (real-time) data may require different types of interactions not supported
by the system requesting the data (push/pull mechanism, asynchronous request, message
queuing, database access and querying, etc.).

e [ACCESS-8] Access to (real-time) data may be granted only for a limited amount of time.
Further issues are related to the conditions for accessing and using data:

o [ACCESS-9] A policy regulating access to the data resource is not provided.
[ACCESS-10] A set of conditions for the data resource usage is not provided.

4.3 Harmonise

The first two challenges analysed are related to the technical interoperability of systems that need to
locate and access data using programmatic and automated procedures without intervention.

The third challenge is often the most difficult to address and comprises two objectives:

e Syntactic (structural) interoperability: compatibility of formats and/or protocols used to
represent/exchange the data.

e Semantic interoperability: the ability of a system to understand (interpret) the information
represented by the exchanged data unambiguously.

The potential issues are:

e [HARMONISE-1] Data are exchanged using different protocols (e.g., SOAP, RPC, REST).
¢ [HARMONISE-2] Data are represented using different formats (e.g., XML/CSV/JSON).
¢ [HARMONISE-3] Data are modelled by adopting different data models/standards.

e [HARMONISE-4] Data are modelled by adopting different versions of the same data
model/standard.

¢ [HARMONISE-5] Data are modelled by adopting different conventions/(application) profiles for
the same data model/standard.

As commented in Section 4.1, similar issues may also apply to metadata represented using different

metadata profiles, thus requiring a harmonisation process. The discussion of issues related to the
harmonisation of data should be complemented by considering the ones related to the implementation
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of syntactic and semantic interoperability of different data sources. The common approach is to adopt
an any-to-one centralized solution based on a reference conceptual model that improves scalability with
respect to point-to-point solutions [14], as shown in Figure 7.

\ -> 1-step conversion - 2-step conversion
- n(n-1) adapters - 2n adapters

‘\.0 .o.
B Sg.—0

E Ar]y-to-any E Any-to-one
/ mapping approach mapping approach
©

Figure 7: Any-to-any versus any-to-one mapping approaches

The potential issues related to the implementation of a harmonisation process are:

o [HARMONISE-6] The implementation of any-to-any interoperability leads to scalability issues
due to an exponentially increasing number of mappings required with increasing data sources.

e [HARMONISE-7] A reference conceptual model, capable of representing the information
exchanged/contained in different data sources, can be not already available.

¢ [HARMONISE-8] Different requirements on the format(s)/protocol(s) for the serialisation and
sharing of the data harmonised through the conceptual model may exist.

e [HARMONISE-9] The mapping between each data resource and the identified conceptual model
may not be trivial and require domain experts for its definition and assessment.

e [HARMONISE-10] In the definition of mappings, the reference conceptual model can be not able
to represent all the information contained in the input data sources.

4.4 Integrate

The fourth challenge is related to data integration, which, after a harmonization process according to a
reference conceptual model, may require further data processing to ensure their actual interconnection.
Indeed, the harmonization process may cause the creation of “isolated sets of data” that are not actually
interlinked and, therefore, effectively interoperable. Moreover, data may be represented using a shared
semantic but without ensuring the possibility of having uniform processing.

Potential issues to be resolved for data integration are:

e [INTEGRATE-1] Different identifiers may be used to refer to the same entity and entity de-
duplication may be needed.

e [INTEGRATE-2] Different literals (e.g., strings) representing the same value may exist and its
processing may be needed (e.g., lowercase/uppercase, different abbreviations, different
languages, etc.).
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[INTEGRATE-3] Different data sources may adopt different semantics to handle missing data
(e.g., open-world assumption versus closed-world assumption, null versus missing value).

[INTEGRATE-4] Data may be described considering different granularities (e.g., the average
delay may refer to a specific train in a dataset or to the entire set of trains operated on a line in
another dataset).

[INTEGRATE-5] The same information may be contained in multiple data sources, and it may
be necessary to discard some data to avoid inconsistencies (e.g., outdated information) in the
integrated data.

[INTEGRATE-6] Numerical data associated with the same variable may be represented
considering different units of measurement.

[INTEGRATE-7] Spatial data may be represented considering different Coordinate Reference
Systems (CRS) and/or location referencing methods leading to different representations of the
same location.

[INTEGRATE-8] The assignment of a Primary Key (PK) strategy to a type/class of entities
should guarantee that each data resource describing the entity has enough information to
generate PKs of entities.

[INTEGRATE-9] Data may be associated with contextual information (e.g., metadata) that is
not directly represented but should be considered for their integration (e.qg., the validity period
of specific information).

[INTEGRATE-10] Dynamic data may require specific integration strategies (e.g., on-
demand/on-the-fly) with static data.

4.5 Extract

The fifth challenge is related to the consumption of harmonized and integrated data. The potential issues
for this challenge refer to the implementation of a solution for the exploitation of the different data
sources made interoperable. Potential issues are:

[EXTRACT-1] It is required to implement access to specific subsets of the data.
[EXTRACT-2] It is required to implement access to dynamic data as a stream.

[EXTRACT-3] It is required to implement programmatic access to the data (e.g., REST API).
[EXTRACT-4] It is required to implement access to the data through custom queries.
[EXTRACT-5] It is required to implement access to different versions of the data.

[EXTRACT-6] It is required to implement access to historical data (the implementation of a
retention mechanism may be needed for dynamic data).

[EXTRACT-7] The data should be exposed in a specific format (XML, JSON, etc.).
[EXTRACT-8] The data should be exposed according to a specific data model/structure.
[EXTRACT-9] Information about data provenance should be exposed together with the data.

[EXTRACT-10] Specific agreements and/or technical solutions should be defined for the
consumption of the data considering the access/usage policies of the data sources integrated.

4.6 TANGENT Data Interoperability Issues

This section reports a first analysis of the data interoperability issues to be addressed in TANGENT
considering the data sources collected and presented in Section 3. In particular, we focus on the first
two challenges, LOCATE and ACCESS, that cover potential issues associated with the data collection
phase. Table 12 discusses relevant examples emerging from the data sources described in the
TANGENT catalogues of the different case studies.
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LOCATE-1

LOCATE-2

LOCATE-3

LOCATE-4

LOCATE-5

LOCATE-6

LOCATE-7

LOCATE-8

LOCATE-9

Data are not published and/or
described online

Data are published online
without providing metadata.

Data are published using
metadata not in a machine-
readable format, i.e., automated
agents cannot automatically
process them (e.g., for

querying).

Data are published with
metadata information (e.g.,
metadata field value) provided in
an unstructured format

Data are published using
custom metadata fields instead
of relying on standardised
vocabularies, which may cause
ambiguity issues.

The metadata quality is not
sufficient, and metadata does
not provide a proper description
of the data resource

Metadata cannot be
programmatically retrieved
and/or ingested from the data
catalogue.

Metadata adopted by different
catalogues rely on different
vocabularies and require a
harmonisation process to enable
federated querying.

Metadata fields/properties
adopting literal values (e.g.,
describing the category of a
dataset) may cause string
comparison issues (e.g., the
same category called “public
transport” in a catalogue and
“public transportation” in another
one).

The data resource LIS_CITS_01 is currently not
published nor described online, thus requiring a
manual process to request access and
information about it.

The data resource TFGM_OTHD_02 is
associated with different datasets about Road
Safety that are published online without
detailed metadata information describing each
file.

The data resource TFGM_TRAM_01
represents a data service accessible through
API documented through web documentation
and not described using a machine-readable
format.

The value of the publisher and contact point
metadata fields for the data resource
REN_AIRQ_01 is provided as not structured
text, i.e., parsing of contact information is
necessary from a single literal value.

The data resource TFGM_BUST 01 is
described according to a custom metadata
vocabulary described online.

The data resource ATH_METR_03 is described
considering a limited set of metadata.

The data resource ATH_BUST 03 is described
using a set of metadata that are shown in the
webpage, but cannot be programmatically
retrieved (e.g., using an API).

Data sources for Athens are described in
different data catalogues: catalog.hcapdata.gr
(e.g., data source ATH_BUST_02) and
data.gov.gr (e.g., data source ATH_BUST_04).

The literal values for metadata fields associated
with the data resource REN_BUST 01 are
provided in French and may cause string
comparison issues with values described in
different languages.
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LOCATE-10

ACCESS-1

ACCESS-2

ACCESS-3

ACCESS-4

ACCESS-5

ACCESS-6

ACCESS-7

ACCESS-8

Metadata may require manual
inspection and/or editing,
possibly related to incorrect
usage of metadata
fields/properties

Data catalogues do not provide
a direct mechanism (URL, API,
etc.) to download/access the
data resource.

The interface (URL, API, etc.)
provided to download/access
the data resource is no longer
valid and/or accessible.

Access to the data requires
different user authentication
mechanisms (e.g., a token-
based mechanism), possibly not
directly handled by the data
catalogue.

Access to the data requires
specific authorizations for the
user that may not be granted
through a digital procedure (e.qg.,
it requires signing an agreement
between the parties).

Different versions of the same
data resource are available, but
it is not possible to access the
specific version needed (e.g.,
URL pointing to a previous
version of the data).

Access to the data is provided
through an external API,
possibly using a custom
interface not documented in the
data resource description.

Access to (real-time) data may
require different types of
interactions not supported by
the system requesting the data
(push/pull mechanism,
asynchronous request, message
gueuing, database access and
querying, etc.).

Access to (real-time) data may
be granted only for a limited
amount of time.

The data resource REN_TRAF _02 has a
metadata field reporting an update frequency of
5 minutes while the description reports a 3
minutes delay for the information to be updated,
it should be checked whether the real-time
information is refreshed every 3 or 5 minutes.

The data resource ATH_METR_02 provides
access to data through an online map but no
direct mechanism to extract/export the data
visualised is described.

The data resource REN_METR_01 references
a data access URL that is no longer valid.

The data resource ATH_BUST_04 requires a
token-based mechanism to access the API.

The data resource TFGM_TRAM_01 requires
an agreement with the provider to get the
credentials needed to access the data.

The data resource TFGM_BUST 01 provides
information on the updates made to bus
timetables over time through a changelog,
however, it is not possible to access a specific
version (only the current version).

The data resource REN_AIRQ_02 provides a
web interface (Ul) to select parameters and
download the data needed but a description of
the API interface for programmatic access is
not provided.

The provision of traffic-related events for Lisbon
(data resource LIS_CITS_05) can be ensured
only by implementing an endpoint accepting
incoming requests (push) in a specific format.

The data resource REN_TRAF_02 provides
access only to the latest values collected for
traffic data. Previous values, e.g., to collect
historical datasets, cannot be directly accessed
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Identifier Description Example (e.g., dataset)

and should be persisted by the client requesting
it.
The policy to access the data sources

LIS_CITS should be defined through a specific
agreement.

ACCESS-9 A policy regulaﬁmg access to the
data resource is not provided.
A set of conditions for the data The conditions for the usage of the data

ACCESS-10 . : sources LIS_CITS should be defined through a
resource usage is not provided. -
specific agreement.

Table 12: TANGENT data interoperability issues for the LOCATE and ACCESS challenges

The set of interoperability issues mentioned in Table 12 does not aim at being exhaustive but at
providing practical examples of the first set of issues that should be handled by the WP2 TANGENT
solution for data harmonisation and fusion.

After the finalisation of the data collection phase, the remaining three challenges, i.e., HARMONISE,
INTEGRATE and EXTRACT, will be analysed in more detail considering the collected set of data
sources. A preliminary example of issues considering the HARMONISE challenge can be provided
considering the case of data sources collected for traffic-related information and represented using
DATEX 1125

e These data can be exchanged by different systems adopting different strategies only recently
standardised through the DATEX Il Exchange Specification?® (HARMONISE-1]).

o The DATEX Il specification supports different formats for the exchange, such as XML and JSON
([HARMONISE-2)).

e The same information supported by the DATEX Il specification can be represented using a
different and/or custom schema/data model ((HARMONISE-3]).

o Different DATEX Il data sources may expose data according to different versions of the DATEX
Il specification, e.g., v2.3 and v3.0 ((HARMONISE-4]).

o Different DATEX Il data sources may implement different reference and/or national profiles27
leading to the representation of the same information using different classes/properties and/or
to a lack of information ((HARMONISE-5]).

The issues HARMONISE-6 to -10 should be considered in the definition of a TANGENT reference
conceptual model and the associated harmonisation process.

The issues INTEGRATE-1 to -10 should be addressed considering different datasets having integration
requirements.

Finally, the issues EXTRACT-1 to -10 will be considered according to the TANGENT architecture
defined by WP6.

25
26
27
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5 Conclusions

This deliverable has provided a first consolidated version of TANGENT data requirements extracted
from the descriptions of the TANGENT services and case studies and from the specification of the
components under development by the WP3-6 of the project. Nevertheless, during the following stages
of the project, additional data requirements may arise from the refinement of the technical specification
of the TANGENT platform, requiring further collection and validation of data requirements.

Moreover, this deliverable provides the current list of available data sources to fulfil the identified data
requirements. The list has been defined through (i) the creation of data catalogues for the case studies
with the involvement of the TANGENT case study leaders, (ii) the usage of the catalogues to identify
the data sources that fulfil the data requirements, and (iii) refinement and validation of the mappings
between data requirements and the data sources with the project partners.

The TANGENT catalogues (information currently collected available in Annexes I-IV) must be
considered the first consolidated list of available data sources for each TANGENT case study. However,
during the following stages of the project, additional data requirements may arise, requiring further data
collection and the update of the data catalogues.

The analysis of the available data sources for each case study resulted in the identification of current
gaps in fulfilling the data requirements and accessibility of data and licensing issues. The TANGENT
project will face gaps and issues through the (i) continuous scouting of available data sources in
collaboration with case study leaders and stakeholders and through the analysis of national/regional
data portals and initiatives that already collect mobility data and could be used to enhance the data
collection in the next stages of the TANGENT project, (ii) definition and signature of NDA for having
access to private data from organizations not directly involved in the project, (iii) creation of data sources
for testing purposes (e.g., creation of historical data sources through the collection of real-time data),
and (iv) re-discussion of TANGENT services or specific functionalities to be tested in each demo site.

Finally, the deliverable has provided the complete set of potential data interoperability issues to be
addressed by the TANGENT project through developing the WP2 solution for data harmonization and
fusion (first release at M20). A first analysis of the available data sources resulted in the identification
of data interoperability issues related to the data collection phase. These issues will be addressed as a
priority in developing the WP2 solution to harmonise the process of locating and accessing data
sources. In parallel, the retrieval and sharing of data samples (in raw format) from collected data sources
will be performed to identify the set of interoperability issues to be addressed by the TANGENT project
and to assess the quality and information content of each data source.
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Annex |
A snapshot summarising the information in the Athens catalogue is provided in Figure 8.

TRANSPORT_SUPPL |Public Transport Schedules OASA (authority-
ATH BUST 01 |Y and Lines n/a Lines timetables bus lines timetables operator) realtime |TBD API?
TRANSPORT_SUPPL OASA (authority-
BUS ATH_BUST 02 |Y Public Transport bus stops |n/a Stations map bus stations map operator) historical |open Download
TRANSPORT_SUPPL OASA (authority-
ATH_BUST 03 |Y Public transport bus lines  |n/a Line routes bus line routes operator) historical |open Download
TRANSPORT_DEMAN bus demand (passengers per |OASA (authority-
ATH BUST_04 |D Public Transport Smart card Passenger demand stop) operator) real time |open Download
TRANSPORT_SUPPL |Public Transport Schedules STASY (authority-
ATH_METR 01 |Y and Lines n/a Timetables metro timetables operator) historical TBD
METRO TRANSPORT_SUPPL |Public Transport Schedules OASA (authority-
ATH METR_02 |Y and Lines n/a Network metro network operator) static TBD
TRANSPORT_DEMAN metro demand (passengers per |OASA (authority-
ATH_METR_03 |D Public Transport Smart card Passengers demand  |station) operator) real time |open API|
TRANSPORT_SUPPL |Transport Network
ATH CARS 01 |Y Geometry n/a Road network Athens road network Openstreet Map |static open API|
TRANSPORT_SUPPK |Transport Network
ATH _CARS 02 |Y Geometry Road transport network |Road network Athens road network NTUA static TBD Offline
CAR TRANSPORT_DEMAN Traffic data from traffic data (flow, speed, loop
ATH_CARS 03 |D Car traffic Loop detectors detectors loc) Region of Attica |real-time |open API
Smartphone telematics Oseven
ATH_CARS 04 |DRIVING_BEHAVIOR |Naturalistic driving data application Driving behavior data  |driving behavior data Telematics historical |proprietary data | TBD
TRANSPORT_DEMAN
ATH_CARS_05 |D car traffic Loop detectors position |Loop detectors position |Positions of Loop detectors TBD TBD TBD Offline
OTHER TRANSPORT_SUPPL
ATH OTHD_01 |Y Traffic control n/a Traffic signal timeplan |traffic signal timeplan Region of Attica |real-time |proprietary data |TBD

Figure 8: Snapshot of data sources described in the Athens catalogue
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A snapshot summarising the information in the Lisbon catalogue is provided in Figure 9.

Bus ticket validation dataset from CARRIS (the

public operator for urban trams and buses) The

D2.1 Data requirements and available data sources

{Disaggregated: Ticket data wil provide Avaitable under
US_BUST 01 TRANSPORT DEMAND Public Ti Validations for urban buses CARRIS Bus Ticket validations bus stop and direction. CARRIS historical _ jagreement
| Public Transport Schedules and | Transport Supply & GPS traces| CARRIS Schedules, Lines and |Bus lines, stop locations and real-time position of |static and
|US_BUST 02 TRANSPORT_SUPPLY _Lines from Bus vehicles Bus locations the Bus vehicles from CARRIS CARRIS realtime _|open data
Bus passanger counts from CARRIS. The data
BUS will provide on the #incoming / #autcoming
| CARRIS Bus Passengers passengers, per bus stop, ine and direction. -
LS BUST 03 [TRANSPORT_DEMAND _|Public Transport ‘Aggregated. Occupancy data | Counts TBC v CARRIS hi
Bus network performance from CARRIS. The
data will provide information on Commercial
speed, Lost vehicle km; % scheduled trips
|CARRIS Bus network operated, per bus line & direction for the desired Available under
LIS_BUST 04 | TRANSPORT_SUPPLY _Transport Network Performance | Traffic state and behavior tmeframe - TBC |CARRIS histonical_|agreement
| Tram ticket vaiidahon dataset from CARRIS (the
public operator for urban Trams and Buses) The
Dsammgud Ticket CARRIS Tram Ticket data will provide
Tram passal_)er from CARRIS. The data
! will provide on the #incoming / #outcoming
TRAM |CARRIS Tram Passengers  |passengers. per tram stop, line and direction
US_TRAM_ 02| TRANSPORT_DEMAND _ Agpapmnt Occupecy e Couts T8C CARRIS
ransport Supply & GPSums}CARRISScMUes Lines and | Tram fines, stop locations and real-time position
LIS_TRAM_03  TRANSPORT_SUPPLY jrom Tram vehicles |Tram locations
|data will provide information on Commercial
| |speed, Lost vehucle km; % scheduled trips
|CARRIS Tram network operated, per tram line & direction for the desired Avaiable under
LIS TRAM 04 TRANSPORT SUPPLY  Transpart Network Performance (Traffic state and behavior timeframe. TBC CARRIS historical _agreement
Brisa Concess3o | historical
Traffic counters for A1, AS, A9, A12 motorways( |Rodoviaria (BCR), |data (few
from BCR), A8 (AEA) and 25 de Abnil and Vasco |Autoestradas do ‘;MIIS-S
| da Gama bridges (Lusoponte), at the Lisbon Allantico (AEA),  days delay, |avadable only under
LIS CARS 01 |TRANSPORT_DEMAND |Car Traffic \Aggregated Traffic counters | Motorways traffic counters Metropolitan Area Lusoponte 5) agreement Fip fink
avadable only undes
|US_CARS 02  TRANSPORT DEMAND _ Parking Parking On Street Parking On Street Parking ViaVerde histornical Fip ink
| avadable only under
LIS_CARS 03 |TRANSPORT_DEMAND  Parking F g Oft Street Parking Off Street Parking Via Verde _historical Ftp fink
Brisa Concessao
Rodowéana, historical (1-
CAR Motorways tolling transactions for vehicles Autoestradas do 5 days
entering/exting Lisbon through A1, AS, A9, A12 | Atlantico, delay),
Disagaregated: Toll motorways (from BCR), A8 (AEA) and 25 de Lusoponte through 'updated ‘avaiable only under
LIS_CARS 04 TRANSPORT_DEMAND _|Car Traffic s toling Abril and Vasco da Gama bridges (L Via Verde |1xiday Fip fnk
\ Traffic counters for the urban roads inside the [ avadable only under ‘
LIS CARS 05 |TRANSPORT DEMAND |Car Traffic \Aggregated: Traffic counters  |Urban roads traffic counters  city of Lisbon CML/EMEL historical _|agreement
‘ |Intersechon control information: type of
| lintersecton (stop sign, traffic signal, efc ), type of ‘
LIS_CARS 08 |TRANSPORT SUPPLY _ Traffic Control Intersection control Intersection control info___ [traffic signal, signaltimingplan etc.  |CMUEMEL static data
| | |Speed and lane control signs, Rxwmﬁang type of ramp metening (speed
| frafic counters and classifiers. [and lane control),location of raffic sensors
LIS CARS 07 | TRANSPORT_SUPPLY _'Traffic Control {Ramp metering ‘hfu (counter, classifiers), elc CMUEMEL [static data
‘ ‘ Private providers (
Brisa, through A-to-
ILIS_CITS_01 | TRANSPORT_SUPPLY _ CATS Infrastructure RSU location CTS RSU locations IRSU locations (GPS coordnates) |Be) Static Open data |direct download
| Mommous Car Floating Data from detected |
connected vehicles (position of the vehicles, ‘
nstant speed, etc ), through the ITS-G5 Prvate provders ( histoncal  |Brisa/A-to-Be
infrastructure of RSUs connected directly 10 A-to-|Brisa, through A-to-|data, real-  avadable undes Cloud secure MQTT/
LS CITS 02 [TRANSPORT_DEMAND _ Car Traflic [FCD from Connected vehicles |C-TS CFD |Be! Be) __ Mime |agreement _ |Datexiinode
Prvate providers { historical  |Bnsa/Ao-Be
|vehicle breakdawn, animal or person on the road, Brisa, through A-to- wdata real- |avadable under Cloud secure MQTT /
CATS  |US CITS 03 MAPS CARTOGRAPHY _ Transpon related events \Declared incidents \CTS Declared incidents lcongestions, etc _ Be) agreement Datex Il node
Private providers ( \ham:d Brisa/A-to-Be
| | Weather event wamings published at Ato-Be's | Bnsa, through A-to-/data, real-  |avadable under Cloud secure MQTT /
|US_CITS 04 |MAPS_CARTOGRAPHY _|Weather & Environmental Data | Weather information. {CTS Weather event wamings |CATS network. L Be) time: agreement Datex Il node
Private providers
(concessions) and
the national road
management
throught the
Traffic ncidents reported in real-ime at the National Access
LS CITS 05 \MAPS CARTOGRAPHY | Transport related events Traffic incidents | Traffic incidents info sharing _ | Traffic Management Centers of the concessions | Point (NAP) historical | TBD 8D

Figure 9: Snapshot of data sources described in the Lisbon catalogue
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Annex |l

A snapshot summarising the information in the Manchester catalogue is provided in Figure 10.

D2.1 Data requirements and available data sources

Public Transport Schedules |current bus route and Department for
TFGM_BUST 01 |[TRANSPORT SUPPLY |and Lines scheduled bus timetable |Bus timetable Scheduled bus timetable Transport static open API
BUS Public Transport Schedules Department for
TFGM_BUST_02 |TRANSPORT_SUPPLY |and Lines Fixed bus stop locations |Bus stops Fixed bus stop locations Transport static open API
Public Transport Schedules |real time bus location via Department for
TFGM_BUST_03 |[TRANSPORT_SUPPLY |and Lines AVL Bus location real time bus location Transport real time: open API
Metrolink - TIGM
TRAM Public Transport Schedules |Real time public transport| real time departure data and network owned fram
TFGM_TRAM_01 [TRANSPORT_SUPPLY |and Lines data Metrolink status operator real time open data API
Cycle trips, availability of bike hire, dock
BIKE locations, via Beryl app who manage
TFGM_BIKE_01 |TRANSPORT_SUPPLY |Shared Mobility Cycle trips Beryl - cycle hire TFGM's cycle hire scheme
Private provider
PEDESTRIAN Pedestrian volumes and nitps:fivi Agreement with
TFGM_PEDE_01 |[TRANSPORT_SUPPLY  |Pedestrian count data path Pedestrian counts Videoanalytics sensor com/ real time: Vivacity - API APl
Weather & Environmental Sensors for hourly ambient air quality University of
LU kg TFGM_AIRQ_01 |MAPS_CARTOGRAPHY |Data Alr quality sensors Alr quality concentration. Manchester real time agreement API
Manchester
Mapped location of Journey time sensors, TfGM Asset Map —
TFGM_CARS 01 |[TRANSPORT_SUPPLY  |ITS Assets Location of assets Location of assets Automatic traffic counters TIGM STATIC Google My Maps
Mapped location of Assets
TFGM_CARS_02 |TRANSPORT_SUPPLY  |ITS Assets CCTV and VMS Location of assets Location of assets TIGM STATIC — Google My Maps
GMUTC signals
Traffic signal locations Mapped location of traffic maps
TFGM_CARS_03 |TRANSPORT_SUPPLY |mapped signal assets Location of assets location of assets TIGM STATIC (gmtu gov_uk)
Real time journey time data from bluetooth |Private provider
sensors, sensor locations are mapped on | hitps:/www.drake Agreement with
TFGM_CARS_04 |[TRANSPORT_SUPPLY |Traffic network performance |Bluetooth sensors Journey time data the platform well.com/ real time Drakewell API
Fixed location automatic Traffic flow and vehicle classification on Private provider
traffic counters - count Highway network includes mapped hitps:/iwww drake Agreement with
TFGM_CARS_05 [TRANSPORT_SUPPLY |Traffic network performance |and classification Traffic information locations of sensors. well.com/ real time Drakewell API
Highway count/classification, turning Private provider
movement, speed, journey time. Sensor | hitps:/ivir with
TFGM_CARS_06 |TRANSPORT_SUPPLY  |Traffic network performance |Video analytics sensors |Highway Information location are mapped on the platform .com/ realtime  |Vivacity API
agreement with
TFGM_CARS 07 |TRANSPORT_SUPPLY  |Traffic network performance |Full turning count Count/classification count/classification TIGM historical TIGM
agreement with
TFGM_CARS_08 |TRANSPORT_SUPPLY | Traffic flow survey Origin destination survey |Vehicles origin/destination |origin destination of vehicles TIGM historical TIGM
Private provider
nitps: AW yunext
Traffic signal fault and Urban fraffic control (UTC) raffic.com/global’e
CAR TFGM_CARS_09 |TRANSPORT_SUPPLY  |Traffic signal timing data SCOOT Ioop data system Urban fraffic control (UTC) system n/ real time open API
Private provider
hittps:Awww_yunext
Traffic signal phase and |Urban traffic control (UTC) raffic.com/globalfe
TFGM_CARS_10 |TRANSPORT SUPPLY |Traffic signal timing data stage fiming system Urban traffic control (UTC) system |nf real time. under agreement | API
open - need to
request via TRL
Traffic signal phase and Private provider (Transport
Traffic signal timing data - |stage timing. GLOSA hitps:Atrisoftware. Research
TFGM_CARS 11 |TRANSPORT_SUPPLY |TRL application Traffic signal data real time fraffic signal data ‘com/ real time. Laboratory
TIGM - database, map Future planned roadworks, sporting
TFGM_CARS_12 |TRANSPORT_SUPPLY  |Event data layers Future planned events evenis, concerts road closures, diversions | TIGM historical open APl
TIGM - database, map  |Incident location, duration,
TFGM_CARS_13 |TRANSPORT_SUPPLY _|Incident data layers impact Incident location, duration, impact TIGM historical open API
Real time flow, speed, National Highways
ljourney time Tor Strategic hitps:#nationalnig
TFGM_CARS_14 |TRANSPORT_SUPPLY _|Count/flow road network Carriageway 100ps Carriageway 100ps hways.co.uk/ realtime |open API
Availability of spaces, Detection system counting
TFGM_CARS_15 |[TRANSPORT_SUPPLY _ |Car park occupancy status of car park vehicles infout Detection system counting vehicles in/out | TIGM real time. open APl
Transport network Crowd sourced journey time data obtained Agreement with
TFGM_CARS_16 |[TRANSPORT_SUPPLY |performance Real time journey fime | Traffic data from Waze by Waze fracking its app users \Waze for Cities  |real time supplier reached  |API
Transport network Crowd sourced info from app users on Agreement with
TFGM_CARS_17 |[TRANSPORT_SUPPLY |performance Incident alerts Traffic data from Waze incidents they log about the network 'Waze for Cities  real time supplier reached  |API
Network Rail -
RAILWAY real fime service status/arrival times of natioan! rail
TFGM_RAIL_01 |TRANSPORT_SUPPLY |Public transport schedule  |real time public transport |Service status/arrival times |train operator real time
Collision Data each year in three tables  |Department for
TFGM_OTHD_01 |DRVING_BEHAVIOR Accidents Data collision data - STATS19 |Collision data “Collision. Casualty and Vehicle” - Transport Historical OPEN
Met Office
GIHEE Hourly, three hourly and daily weather (national UK Real-
Weather & En weather Met Office Weather forecast information given Latitude- OPEN (free tier or
TFGM_OTHD_02 |MAPS_CARTOGRAPHY |data semvices DataHub Longitude coordinates service) ed payment) AP

Figure 10: Snapshot of data sources described in the Manchester catalogue
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Annex IV

D2.1 Data requirements and available data sources

A snapshot summarising the information for Rennes is provided in Figure 11 and Figure 12.

Topologie-des-points- | Station topological map. List of bus
TRANSPORT_SUPPL | Transport Network darret-de-bus-du-reseau-{stops in the STAR network, including Rennes Static/mappi direct download,
REN_BUST_01 |Y Geometry Map star their name, municipality and geolocation.|Metropole ng open data API
TRANSPORT_SUPPL |Public Transport Parcours-des-lignes-de- Rennes Static/mappi direct download,
REN_BUST_02 |Y Schedules and Lines Lines of the buses bus-du-reseau-star Bus routes of the STAR network Metropole ng open data API
Real time
TRANSPORT_SUPPL |Public Transport Real-time public Tco-bus-vehicules- Position of buses in circulation on the STAR DATA (every direct download,
REN_BUST_03 |Y Schedules and Lines transport data position-tr STAR network in real time EXPLORE minutes) open data? API or KEOLIS?
Geolocation of the STAR network buses
Tco-bus-vehicules- in real time that are in service with Real time
TRANSPORT_SUPPL |Public Transport GPS traces from Public |geoposition-suivi-new- |information on the new ticketing STAR DATA (every direct download,
REN_BUST_04 |Y Schedules and Lines Transport vehicles billetique-tr equipment EXPLORE minutes) open data API or KEOLIS?
BUS List of services on the bus routes of the
TRANSPORT_SUPPL |Transport Network Tco-bus-topologie- STAR network, including the order of the |Rennes Static/mappi direct download,
REN_BUST_05 |Y Performance Bus services dessertes-td service. Metropole ng open data API
TRANSPORT_SUPPL |Transport Network Equipement-accessibilite{Goegraphical data of the STAR network |Rennes Static/mappi direct download,
REN_BUST_06 |Y Geometry map arrets-bus : Physical stops Metropole ng open data API
Alertes-trafic-en-temps- Rennes Real time
TRANSPORT_SUPPL |Transport Network Traffic state and reel-sur-les-lignes-du-  |Real-time traffic alerts on STAR network |Metropole/KEOLI |(every direct download,
REN_BUST_07 |Y Performance behavior reseau-star lines S minutes) open data API
Rennes
TRANSPORT_SUPPL | Transport Network Mkt-frequentation-niveau: Metropole/KEOLI |weekly direct download,
REN_BUST 08 |Y Performance Occupancy data freq-max-ligne Maximum ridership level per STAR line  |S updating open data API
Tco-billettique- Rennes
TRANSPORT_SUPPL |Transport Network frequentation-agregee- |Monthly agregated Bus and metro Metropole/KEOLI |Monthly Available under |direct download,
REN_BUST_09 |Y Performance Occupancy data td occupancy data S updating agreement? FTP
TRANSPORT_SUPPL soft mobility data - localisation of STAR |Rennes Static/mappi Direct download,
REN BIKE_01 |Y Shared-Mobility Station location Stations_vls bike stations Metropole ng Open Data API
List of self-service bicycle stations in the
TRANSPORT_SUPPL |Transport Network Topologie-des-stations- |STAR network, including their name, Rennes Static/mappi Direct download,
REN_BIKE_02 |Y Performance Topology of stations citiz number of locations and geolocation. Metropole ng Open Data API
Real-time status of self-service bicycle
stations, including the number of
bicycles available, the number of spaces
available and their operational status. real time
TRANSPORT_SUPPL Etat-des-stations-le-velo-|Please provide a data source type for Rennes (every Direct download,
REN_BIKE_03 |Y Shared-Mobility Real time station status |star-en-temps-reel this dataset. Metropole minutes) Open Data API
Data from meters installed by the City of
BIKE TRANSPORT_DEMA i Rennes qn several sites. Thg counts Rennes Direct download,
REN_BIKE_04 |ND Cycling Counts of cycles Eco-counter-data include bicycles and pedestrians. Metropole Hours Open Data API
Data from meters installed by the City of
TRANSPORT_DEMA Rennes on several sites. The counts Rennes Direct download,
REN_BIKE_05 |ND Pedestrian Counts of pedestrian Eco-counter-data include bicycles and pedestrians. Metropole Hours Open Data API
Amenagements-velo-et- |Existing state of specific facilities
TRANSPORT_SUPPL Cycling facilities and zones-de-circulation- dedicated to cycles. Roads classified as |Rennes Static/mappi Direct download,
REN _BIKE_06 |Y Shared-Mobility traffic calming zones apaisee traffic calming zones (30 km/h max). Metropole ng Open Data API
Parcs-velos-securises-
TRANSPORT_SUPPL geres-par-rennes- Secure bicycle parks managed by Rennes Static/mappi Direct download,
REN_BIKE_07 |Y Shared-Mobility Secure bicycle parks metropole Rennes Métropole Metropole ng Open Data API
Real time bike service occupation on the
TRANSPORT_SUPPL Real time bike service Rennes Metropol website: bicycle Rennes data available
REN_BIKE_08 |Y Shared-Mobility occupation Bike service counting Metropole real time under agreement

Figure 11: Snapshot of data sources described in the Rennes catalogue (Part 1)
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D2.1 Data requirements and available data sources

Etat-des-lignes-de-metro: Real time
TRANSPORT_SUPPL |Public Transport Real-time public du-reseau-star-en-temps{Status of the STAR metro lines network (every direct download,
REN_METR_01 |Y Schedules and Lines transport data reel in real time KEOLIS minutes) Open data API
METRO _ ) Metro-du-reseau-star- ) _ )
TRANSPORT_SUPPL |Public Transport Schedules and lines for |traces-de-laxe-des- Static/mappi direct download,
REN_METR_02 |Y Schedules and Lines metro and underground |lignes STAR metro lines KEOLIS ng Open data API
TRANSPORT_DEMA
REN_METR_03 |ND Public Transport Ticketing data Ticketing data Ticketing data from the Cleunay Station |KEOLIS historical TBD CSV or FTP/API ?
available under
REN_AIRQ_01 |OTHER Air Quality Air quality measurement| AQMO Sensors (fixand mobile on vehicles) Irisa Real time agreement
AIR Air quality data from fix |Fix scientific instruments around Rennes
QUALITY | REN_AIRQ 02 |OTHER Air Quality Air quality measurement|stations Métropole Airbreizh Real time open data
Air quality data from Rennes available under
REN_AIRQ_03 |OTHER Air Quality Air quality measurement|LoRa sensors LoRa sensors Métropole Real time agreement API ?
Real time traffic conditions (good, bad,
impossible, etc.) during winter real time (15 Direct download,
REN_TRAF_01 |DRIVING_BEHAVIOR |Traffic Winter traffic conditions |Winter traffic conditions |(November 16 to March 8) DIRO minutes) open data API
real time
Gross FCD data on the intra- (every 3 Direct download,
REN_TRAF_02 |DRIVING_BEHAVIOR |Traffic Traffic data Real time traffic data Metropolitan perimeter (V, TdP) Autoroute trafic |minutes) open data API
TRANSPORT_SUPPL Winter traffic circulation (viabilite Rennes real time (15 Direct download,
REN_TRAF_03 |Y Traffic Winter traffic conditions |Winter traffic circulation |hivernale) Métropole min) open data API
Supervision data from metropolitan
traffic control equipment (controllers, Rennes
RM Traffic control traffic lights, sensors at traffic lights, Metropole real time available only CSV (manual
REN_TRAF_04 |DRIVING_BEHAVIOR |Traffic Trafifc equipement equipement data etc.) (DVGTS) (1min) under agreement |transmission)
Rennes
Metropole real time available only CSV (manual
TRAFFIC REN_TRAF_05 |DRIVING_BEHAVIOR |Traffic Trafifc lights Traffic lights plan data | Traffic light plans to be applied ERDVGTS) (1min) under agreement |transmission)
ennes
Applied traffic light plans, Top Metropole real time available only CSV (manual
REN_TRAF_06 |DRIVING_BEHAVIOR |Traffic Trafifc lights Traffic lights plan data (DVGTS) (1min) under agreement |transmission)
Rennes
Comptages-routiers- traffic data from counting stations in PC |Metropole Direct download,
REN_TRAF_07 |DRIVING_BEHAVIOR |Traffic Traffic station count station control (DVGTS) 1/5min Open Data API
DIRO traffic count data
(Q, To, V) Traffic count on national and real time (1/5|available only CSV (manual) or
REN_TRAF_08 |DRIVING_BEHAVIOR |Traffic Traffic count departemenal roads DIRO (SGAT) min) under agreement |FTP ?
DIRO traffic count data
(Q, To, V) Traffic count on national and available only CSV (manual) or
REN_TRAF_09 |DRIVING_BEHAVIOR |Traffic Traffic count departemenal roads DIRO (SGAT) historical under agreement |FTP ?
Keolis bus approach Consideration of approach curves in the
curves modulation of traffic light cycles to give available only CSV (manual) or
REN_TRAF_10 |DRIVING_BEHAVIOR |Traffic Traffic management priority to PT vehicles KEOLIS Real time under agreement |[FTP ?
LFP (French direct donwload
Social, Cultural or Stade rennais games calendar of the ligue 1 season of Stade |national football from the ligue 1
REN_OTHD_01 |OTHER Sportive Events Stade Rennais's games |season calendar Rennais FC league) static open (data) website
data.gouv
French ministery direct download
Holiday/Seasonal French national education Calendar of national from the datagouv
OTHER REN_OTHD_02 |OTHER Calendar Holiday Calendar Le calendrier scolaire (zone B for Rennes) education static open data website
direct download
Social, Cultural or Date of the SPACE date of the SPACE event (international from the SPACE
REN_OTHD_03 |OTHER Sportive Events SPACE event event livestock show) SPACE static open data Site
REN_OTHD_04 |OTHER Weather Current Weather Current Conditions APl _|Current weather data for Rennes Accuweather real time TBD API
REN_OTHD_05 |OTHER Weather Weather Forecast Forecast API weather forecast for Rennes Accuweather real time TBD API
Weather alerts for specific weather
REN_OTHD_06 |OTHER Weather Weather Event Weather Alarms API events Accuweather real time TBD API

Figure 12: Snapshot of data sources described in the Rennes catalogue (Part 2)
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