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Executive Summary

This deliverable aims to provide a comprehensive assessment of the data requirements and
inventory necessary for the SYNCHROMODE project, focusing on the three case studies:
Madrid, South Holland, and Thessaloniki. It includes the identification, classification, and
analysis of data needs and available sources, establishing a foundational framework for
subsequent project tasks and the SYNCHROMODE Toolbox development.

The methodologies applied in this deliverable ensure data are accurately aligned with the
project's goals. The document outlines data quality dimensions such as accuracy,
completeness, validity, timeliness, coverage, and accessibility, ensuring robust data quality
assessment and mapping datasets to specific quality criteria.

Key contributions include the systematic identification and categorization of data
requirements, a comprehensive data inventory ensuring alignment with project goals, and
detailed methodologies for data collection, quality assessment, and storage requirements.
Furthermore, there is an extensive review and application of transport sector-related data
standards like DATEX Il, GTFS, and NeTEx for interoperability and data quality.

By documenting the data requirements and inventory, this deliverable ensures that the
SYNCHROMODE project is equipped with a thorough understanding of the data landscape,
significantly contributing to the project's objectives and the development of the
SYNCHROMODE Toolbox. Also, through this data inventory all possible data gaps have

D3.1: Data requirements and inventory Page 5 of 94

Copyright © 2023 by SYNCHROMODE



&

SYNCHROMODE

Summary sheet

Deliverable No.

3.1

Project Acronym

SYCHROMODE

Full Title

Data requirements and inventory

Grant Agreement No.

101104171

Responsible Author(s)

Evangelos Mitsakis (CERTH), Dimitris Tzanis (CERTH)

Contributing Author(s)

Evangelos Mintsis (CERTH), Dimitris Tzanis (CERTH), Vasileios
Karagounis (CERTH), Antonis Mpoutovinas (CERTH), Paraskeuas
Pitsianis (CERTH), Panagiotis Karetsos (CERTH), Athina Tympakianaki
(AIMSUN), Antonio Pellicer (AIMSUN), Juan M. Arranz (NOMMON),
Pablo Ruiz (NOMMON), Raquel Sdnchez (NOMMON), Oliva Garcia
Cantu (NOMMON), Antonio David Masegosa Arredondo (DEUSTO),
Steven Boerma (MAPTM), Rick Overvoorde (MAPTM), Berber
Dotinga (ARRIVA NL), Carlos Casas (ARRIVA ES), Margarita Jiménez
(ARRIVA ES)

Peer Review

Simon Michels (BE-MOBILE)

Date 30-4-2024
Status Draft
Dissemination level Public
Version 0.1

Work Package No. WP3

Work Package Title

Data gathering, fusion and analysis

Work Package Leader

NOMMON SOLUTIONS AND TECHNOLOGIES SL (NOMMON)

Project Coordinator

ETHNIKO KENTRO EREVNAS KAI TECHNOLOGIKIS ANAPTYXIS (CERTH)

Website

https://synchromode.eu

D3.1: Data requirements and inventory

Page 6 of 94

Copyright © 2023 by SYNCHROMODE


https://synchromode.eu/

Project partners

SYNCHROMODE

&

Organisation Country Abbreviation
ELI-IAI\FI)I_ﬁ?(II;ENTRO EREVNAS KAl TECHNOLOGIKIS Greece CERTH
;Jé\ll-ll\éElgSSIEAD DE LA IGLESIA DE DEUSTO ENTIDAD Spain DEUSTO
NOMMON SOLUTIONS AND TECHNOLOGIES SL Spain NOMMON
YUNEX GMBH Germany YUNEX
MAP TRAFFIC MANAGEMENT BV Netherlands MAPTM
AIMSUN SLU Spain AIMSUN
BE-MOBILE Belgium BE-MOBILE
VMZ BERLIN N BETREIBERGESELLSCHAFT MBH Germany VMZ
ARRIVA PERSONENVERVOER NEDERLAND BV Netherlands ARRIVA NL
RUPPRECHT CONSULT-FORSCHUNG & BERATUNG GMBH Germany Rupprecht
POLIS NETWORK Belgium POLIS
PNO INNOVATION SL Spain PNO
REGION OF CENTRAL MACEDONIA Greece RCM
CITYLOGIN IBERICA SL Spain CITYLOGIN
PROVINCIE ZUID-HOLLAND Netherlands PZH
UNIVERSITY COLLEGE LONDON United Kingdom | UCL
EMPRESA DE BLAS Y COMPANIA, S.A. Spain ARRIVA ES
D3.1: Data requirements and inventory Page 7 of 94

Copyright © 2023 by SYNCHROMODE



Document history

&

SYNCHROMODE

Version Date Organisation Main area of changes Comments
Version 0.1 01.03.2024 CERTH-HIT Initial Draft Internal

Version 0.2 19.04.2024 CERTH-HIT Initial Draft To be reviewed
Version 0.3 26.04.2024 BE-MOBILE Reviewed Deliverable Reviewed
Version 1.0 30.04.2024 CERTH-HIT Final Deliverable To be submitted

D3.1: Data requirements and inventory

Copyright © 2023 by SYNCHROMODE

Page 8 of 94



&

List of Figures

Figure 1: SYNCHROMODE’s data quality assessment methodology .......cccceevciieiiiniiieiiniieee e, 56
Figure 2: Transmodel Conceptual Model. Source: CEN - Transmodel........ccccocvveiiiniieeiinniieeecniieenn. 72
D3.1: Data requirements and inventory Page 9 of 94

Copyright © 2023 by SYNCHROMODE



&

SYNCHROMODE

List of Tables

Table 1: Simplified description of data sources collected for the Madrid Case Study...................... 15
Table 2: Simplified description of data sources collected for the Netherlands Case Study.............. 17
Table 3: Simplified description of data sources collected for the Thessaloniki Case Study.............. 18
Table 4: Identification of modules under each WP and correlation with each Case Study (Madrid,

Netherlands, and TheSSAIONIKI).....cccvvveeeriiiiiiiiiiie e e e e s esbbre e e e e e s seesabrrrereeeeees 23
Table 5: Mapping of data requirements with data availability for the Madrid Case Study.............. 25

Table 6: Mapping of data requirements with data availability for the Netherlands Case Study...... 28
Table 7: Mapping of data requirements with data availability for the Thessaloniki Case Study ...... 35

Table 8: Requirements classifiCation ..........occcuiiiiiiiii e 44
Table 9: Requirements for data collection and StOrage ........ccccvveeecciiiieiee e, 47
Table 10: Different definitions of traffic data quality dimensions .........ccccceeeiieeeiciiec e, 51
Table 11: Dataset related to Madrid Case Study for quality assessment.........ccccovveeeeeiieiccciiienenennn. 57
Table 12: Dataset related to Thessaloniki Case Study for quality assessment.........ccccceeeviveeeeenneenn. 59
Table 13: Dataset related to South Holland Case Study for quality assessment............cccccveeeeeunneen.. 61
Table 14: Accuracy assessment information ... 62
Table 15: Completeness assessment information..........ccccvvveeeiii e, 63
Table 16: Validity criteria for loop detectors per Case Study .......occccvivieiee i, 67
Table 17: Timeliness assessment information ... e 68
Table 17: Coverage assessment iNformation........ccccioeicciiiieeiec e e ee e 69

Table 18: Summary of data standards in the transport sector. Adapted from (Bellini et al., 2024).74
Table 19: Summary of dataset identified in the SYNCHROMODE project and the corresponding
data standards and fOrmMats. .......coociiiii i e e rae e e 77

D3.1: Data requirements and inventory Page 10 of 94
Copyright © 2023 by SYNCHROMODE



List of acronyms

&

SYNCHROMODE

API Application Programming Interface

BT Bluetooth

CS Case Study

C-ITS Cooperative Intelligent Transport Systems
DRT Demand Responsive Transport

EC European Commission

ETA Estimated Time of Arrival

FCD Floating Car Data

GDPR General Data Protection Regulation
GLOSA Green Light Optimal Speed Advice

ICT Information and Communication Technology
KPI Key Performance Indicator

oD Origine-Destination

PuT Public Transport

TMC Traffic Management Center

TMP Traffic Management Plan

WP Work Package

D3.1: Data requirements and inventory

Copyright © 2023 by SYNCHROMODE

Page 11 of 94



&

SYNCHROMODE

1 Introduction
1.1 Project Overview

The SYNCHROMODE project aims to develop a data driven ICT toolbox for improving the
management of transport operations from a multimodal perspective, to manage the transport
network. SYNCHROMODE will provide transport managers with new predictive and network
optimization capabilities for balancing the transport supply and demand, enabling efficient reaction
to different types of events. SYNCHROMODE will demonstrate via well-chosen Case Studies the
effectiveness of integrated multimodal and multi-actor traffic and transport management solutions
and the SYNCHROMODE Toolbox, able to balance the demand load of both people and goods and,
at the same time, reduce individual journey times.

1.2 Purpose of the document

This Deliverable initially aims to provide an exhaustive assessment of the data requirements of each
of the three SYNCHROMODE case studies. This is, in turn, compared to a detailed inventory of
already identified and available data sources. The requirements and inventory include the
characteristics of the data appropriate for development purposes (e.g., name, access method,
language, etc.). This assessment of data needs and availability is followed by an identification of the
requirements in the context of SYNCHROMODE in terms of data collection and storage methods.
For each required and available dataset, specific quality characteristics, which are of importance to
subsequent tasks (such as reliability, sample size, format, geographical and temporal scope,
geographical and temporal granularity, completeness, validity, etc.) are calculated and an
association is made with the related tasks. In addition, the methodology regarding the data quality
assessment is presented as well as a detailed mapping of the data made with the quality assessment
criteria. Finally, a review of existing transport sector-related data standards is conducted, and the
use of such standards within SYNCHROMODE is assessed and defined (further information will be
provided about their adoption in the deliverables D6.1 “Reference architecture and its applications
- version 1” and D6.2 “Reference architecture and its applications - final version 2”.

1.3 Intended audience

This deliverable is publicly available and disseminated internally within the project’s consortium.
The intended readership comprises the members of the SYNCHROMODE consortium and the EC’s
project officer. Also, this deliverable may be of use to any future work that requires a quality
assessment framework for the evaluation of available transport related data (in terms of reliability,
validity, completeness etc.).

1.4 Document structure
This deliverable has the following structure:

e Introduction

D3.1: Data requirements and inventory Page 12 of 94
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e Data requirements and availability for each Case Study

e |dentification of requirements for data collection and storage
e Data quality assessment methodology

e Data related standards

e Conclusions

1.5 Interrelations

The deliverable D3.1 “Data requirements and inventory” is part of WP3. Due to its nature, this
deliverable is closely related to all subsequent SYNCHROMODE tasks that utilize the described and
assessed data.

D3.1: Data requirements and inventory Page 13 of 94
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2 Data requirements and availability for each
Case Study

This section will comprehensively detail the data requirements and availability for the three case
studies considered in SYNCHROMODE. This process and this information are of great importance,
as identifying data gaps allows us to establish when the development and testing of the components
to be integrated into the SYNCHROMODE Toolbox is feasible. To facilitate the understanding of the
process followed to establish the data requirement and availability per Case Study, Section 2.1
presents the initial identification and classification of data sources that we have used to set a
common ground for the data and metadata collection process. After that, in Section 2.2, the data
sources identified and collected for each case study are described using the previous classification
and metadata. Then, the methodology followed to establish the data requirements and availability
per Case Study is discussed in Section 2.3. Finally, the last three subsections of the chapter are
devoted to presenting the data requirements identified for each case study and the data sources
collected that covered those requirements when they were available.

2.1 Initial data identification and classification

Prior to the identification of data requirements and an assessment of the data availability for each
of the three case studies, an initial identification of data and classification was conducted. This
analysis resulted in the following list of data characteristics to be, at minimum, filled out for each
available dataset of the three case studies. Specifically:

e Category: Most datasets are expected to fall under one of three categories (Traffic, Demand,
Supply). Datasets that do not fall under one of these categories are labelled as "other".

e Sub-Category: This variable provides a lower-level categorisation of the nature of the
information the data set provides. Examples include, for the case of Traffic-related data,
Incidents and Traffic light status in real-time. For Demand-related data, examples include public
transport ticketing and parking data in real-time. For Supply-related data, examples include
public transport schedules, lines, and stops, as well as Parking supply data. Sub-categories for
datasets labelled as "other" have already been identified, including smartphone data and
mobile app data.

e Source name and description: These two variables are used to identify the source of each
dataset and provide qualitative information regarding the source.

e Related mode and type: The former is related to the transport mode (i.e., road, rail), while the
latter is related to the nature of what is being transported (i.e., passenger, freight, or mixed).

e Temporal coverage: This variable describes whether the data are provided in real-time or are
historical or static.

e Geographic coverage: This variable describes whether the data provides information at an
urban, regional, European, or international level.

e Granularity: This variable refers to the level of detail or precision of the described data. From
lower to higher levels of detail this translated to per minute, hourly, daily, weekly, monthly, per
year.

D3.1: Data requirements and inventory Page 14 of 94
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e Format: This variable relates to how the data are structured (e.g. xml, json, csv)

e Standard: These variable states whether the described data follow a specific standard (e.g.
DATEX II)

e Language: This variable states the language(s) in which the information is provided.

e Access type/Provided/Owner: These variables state, respectively, whether the data are open
or not, the name of the entity that provides them, and who is the actual owner.

e License type: This variable states the specific license type under which the data are provided.

2.2 Data Collection per Case Study

The objective of this section is to present the data sources collected for the three case studies
considered in SYNCHROMODE. For the sake of the space, only some of the most relevant
characteristics from the ones presented in the previous sub-section are shown. The list of data
sources with all available characteristics can be found in Appendix A.

2.2.1 Data Collection for Madrid Case Study

Table 1: Simplified description of data sources collected for the Madrid Case Study

n Categ. Sub-category Source Name Source Description Modes

Mobile phone Call Detail Records contain
the geolocated information of mobile
phone users every time they
make/receive a call, send/receive an SMS
or use a data connection to access the
Internet.
The key features of this data source are:
Mobile network | - capability to identify door-to-door trips
operator data - big sample (more than 20% of the total
population)
- passive collection, which allows the
study of unpredicted events
- contains data of both roamers-in (non-
Spanish people that connect to Orange
Spain network) and roamers-out (Orange
Spain clients travelling abroad)
Land-use information of each
SIOSE land use Autonomous Community of Spain. This
data information includes the geometry of
each land use type
INE is the Spanish National Statistical
Office. It  provides demographic
information for Spain at a high level of
Spanish census detail. In particular, the data considered
data to be useful is the Spanish Census, where
population data, characterised by age
group and gender is available at census
tract level

MA1 Other All

MA2 Other

MA3 Other

D3.1: Data requirements and inventory Page 15 of 94
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MA4

MAS

MA6

MA7

MA8

MA9

MA1

MA1

MA1

MA1

MA1

Demand

Supply

Other

Supply

Demand

Other

Other

Traffic

Traffic

Supply

Demand

Traffic counts
(historical, from
any traffic
measuring system)

Speed (historical,
from any traffic
measuring system)

Shared mobility
usage/ demand
data

citylogin TMS

Public transport
network

E-commerce
survey

Public transport
schedules

Household
Travel Survey

AEMET weather
data

Madrid network
model

Traffic counts

Average speed

Logistic
consolidation
centers

Shared Mobility
Vehicle Dataset
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Information of goods travel demand.
Including main delivery stops and delivery
itineraries.

Location data of the Cercanias train and

Metro stations, and intercity bus
interchanges of the Community of
Madrid

Data obtained from surveys conducted to
residents in Spain about the use of e-
commerce  for private reasons
characterised by age group, gender,
income level, household structure, etc.
Line route, vehicles and timetables for
the different public transport systems in
Madrid (metro, cercanias, city and
intercity buses, ...)

The Mobility Household Survey is carried
out by the Regional Transport Authority
and analyses the Madrid residents’ daily
trips on a working day. It is based on
85,000 personal and telephone
interviews carried out between February
and May 2018

Meteorological data produced by official
weather stations distributed all over
Spain (800 weather stations). These data
are provided in real-time basis through a
REST webservice. A Python script collects
the updates of the data hourly and
gathers it in sorted files, producing one
JSON file per day. The files contain one
single line per hourly record of each
station along the day

Aimsun-based Madrid road network
model. It covers the whole Madrid region.
It includes the road network, some
control plans at some intersections,
adjusted demand for the AM, PM peak
and IP (only cars). Public transport is not
considered.

Hourly traffic counts from road detectors
that are used to calibrate/validate the
Aimsun model. Note that the Madrid
network model is property of Madrid City
Council and Aimsun has to get the
permission to wuse the model in
SYNCHROMODE.

Average speed on the M30 ring road

Shapefile with some set of relevant
identified logistic consolidation centers in
Madrid Region (points).

Dataset containing information on trips
made by shared mobility vehicles in the
city of Madrid: origin and destination
coordinates and timestamps, etc.

Road Freight
Road Passenger
Road Freight
Road Passenger
Road Passenger
Road

Road

Road

Road

Page 16 of 94



SYNCHROMODE

2.2.2 Data Collection for Netherlands Case Study

Table 2: Simplified description of data sources collected for the Netherlands Case Study

Id. Categ. Sub-category Source Name Source Description m

SH1 Traffic Trafflc. counts opendata.ndw.nu Trafflc mformatlon. for major roads, Road Passenger
(real-time) traffic counts (real-time).

SH2 Traffic | Speed (real-time) opendata.ndw.nu UELLE |nfor.mat|on BI7 EfEl? (CERS, Road Passenger

speed (real-time).

SH3 Traffic Travel times (real- opendata.ndw.nu Trafﬂc |nforrT1at|on for major roads, travel Road Passenger
time) times (real-time).

SH4 Traffic V.arlable Me.ssage opendata.ndw.nu | Variable Messages Signs (real-time). Road Passenger
Signs (real-time)

SH5 Traffic Earklng data (real- openda'ta. Parking data (real-time). Road Passenger
time) technolution.nl
Bri .

SH6 Other ndge.opemng opendata.ndw.nu | Bridge opening data (real-time). Road Passenger
(real-time)
Roadworks

SH7 Other (planned, real- opendata.ndw.nu | Roadworks (planned, real-time). Road Passenger
time)

SH8 Other Inadents (real- SRERekE R f jl'ra.fflc mforma.mon of major roads, Road PesserEED
time) incidents (real-time).

SH9 Traffic MSI Hl'ghways opendata.ndw.nu Trafflc. information of major roads, MSI Road Passenger
(real-time) (real-time).
Variable M

SH10 | Traffic .anab € e.ssage Technolution Variable Message Signs (real-time) Road Passenger
Signs (real-time)

SH11 | Traffic ;:zl)ng data real- NPR Information for parking data (real-time). Road Passenger

. Parking data (real- . . . .

SH12 | Traffic i Operpaking.nl Information for parking data (real-time). Road Passenger
Roadworks

SH13 | Traffic | (planned, real- Melvin Roadworks (planned, real-time) Road Passenger
time)

SH14 | Other KNMI Weather data (real-time)
Floating Car Data .

SH15 | Traffic | (raw data, real FCD - Be-Mobile FCD on road segments of rr)ax. 50m, with Road Passenger

. frequency of 10s up to 1 min.
time)
Floating Car Data .
D .
SH16 | Traffic | (raw data, FCD - Be-Mobile REDCINICELI i ”73" 50m, with Road Passenger
. . frequency of 10s up to 1 min.

historical)

SH17 | Traffic Ir.1C|dents (real Tra_ff|c ev.ents i Flitsmeister feed traffic events Road Passenger
time) Flitsmeister

SH18 | Traffic ||.1C|dents (real Tra'fflc e\{ents i Flitsmeister feed traffic events Road Passenger
time) Flitsmeister

SH19 | Traffic Trafflc.llghts status opendata.ndw.nu | iVRI status via UDAP Road Passenger
(real-time)

SH20 | Traffic | [ravel times Travel times-Be- [ o 1 on Be-Mobile's FCD Road Passenger
(historical) Mobile

SH21 | Traffic Trafflc. counts Traffic cou.nts i Based on Be-Mobile's FCD Road Passenger
(real-time) Be-Mobile

SH22 | Traffic Tr.aff|c.counts Traffic cou'nts i Based on Be-Mobile's FCD Road Passenger
(historical) Be-Mobile

SH23 | Traffic Speed (real-time) Spe'\:g;i—leBe— Based on Be-Mobile's FCD Road Passenger

SH24 | Traffic Speed (historical) Speeds‘- Be- Based on Be-Mobile's FCD Road Passenger

Mobile
D3.1: Data requirements and inventory Page 17 of 94
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SH25

SH26

SH27

SH28

SH29

SH30

SH32

SH34

SH36

TH2

TH3

TH4

TH5

TH6

TH7

TH8

TH9

Traffic

Traffic

Other

Other

Traffic

Sales

Traffic

Traffic

Traffic

Passenger counts
per bus stop
(historical)

Speed (historic,
ZHN bus
operations buses,
operational data,
schedules)
School holidays
Europe

National holidays
Europe

National Database
Publoc Transport
(NDOV)
Ticketsales
Keukenhof PuT
users / non PuT
users?

Traffic
management
scenarios
Keukenhof
Bicycle counts
(historical)

Traffic counts
(historical)

Arriva

Arriva

open data
open data

NDOV (open
data)

Arriva /
Keukenhof

Province of
South-Holland

dexter.ndw.nu/
opendata/
bicycle
dexter.ndw.nu/
opendata

SYNCHROMODE

Transaction data OV chipcard.

Automated vehicle location.

Vacation days.

Vacation days.

Floating bus data (raw data, real time)

Number of visitors per hour.

Province of South Holland decision
document

Bicycle counts (historical, from any traffic
measuring system)

traffic information major roads, traffic
counts historical

2.2.3 Data collection for Thessaloniki Case Study

Traffic

Traffic

Traffic

Other

Other

Traffic

Traffic

Traffic

Traffic

Public
Transport

Public
Transport

Public
Transport

Road,
and
Public
transport

Road

Road

Road

Table 3: Simplified description of data sources collected for the Thessaloniki Case Study

Categ. Sub-category Source Description Modes

Traffic counts (real-

time)

Travel times (real-

time)

Travel times
(historical)

Floating Car Data
(raw data, real
time)

Floating Car Data
(raw data,
historical)

Travel times (real-

time)

Travel times
(historical)

iTravel-
detections

iTravel-
traveltimes

iTravel-
traveltimes-
historical

iTravel-paths

iTravel-devices

fcd-gps

fcd-gps-historical

fcd-traveltimes

fcd-traveltimes-
historical
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Total number of detections per iTravel
device (every 15-minutes, real-time).
Travel times for selected paths in
Thessaloniki produced using iTravel
detections (every 15-minutes, real-time).
Travel for selected paths in Thessaloniki
produced using iTravel detections
(historical).

Predefined paths between the iTravel
devices.

iTravel devices characteristics.

Floating car data in Thessaloniki in -
almost- real time conditions.
Thessaloniki

Floating Car Data in

(historical).

Travel times for predefined paths in
Thessaloniki, Greece produced using FCD
(every 15-minutes, real-time).

Travel times for predefined paths in
Thessaloniki, Greece produced using FCD
(historical).

Road Passenger
Road Passenger
Road Passenger
Road

Road

Road Passenger
Road Passenger
Road Passenger
Road Passenger

Page 18 of 94

Passenger

Passenger

Passenger

Passenger

Passenger




TH10

TH11

TH12

TH13

TH14

TH15

TH16

TH17

TH18

TH19

TH20

TH21

TH22

TH23

TH24

TH25

TH26

Traffic

Traffic

Traffic

Other

Supply
Supply
Supply

Supply

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Speed (real-time)

Speed (historical)

Traffic counts (real-

time)

Public transport
lines

Public transport
stops

Public transport
schedules
Public transport
schedules

Traffic counts (real-

time)

Traffic counts
(historical)

Traffic counts
(historical)

Traffic counts
(historical)

Traffic counts
(historical)

Traffic counts
(historical)

Traffic counts
(historical)

Traffic counts (real-

time)

Traffic counts (real-

time)

network-speed

network-speed-
historical

network-
congestion

GIS (shapefile)
for the
Thessaloniki
network (FCD)

buslinesJan2021
busstopslan2021
public_schedules

ETA

Traffic Data from
Toll Stations in
Hellastron
network

Volume-
detector-
historical-link

Speed-detector-
historical-link

Occupancy-
detector-
historical-link

Volume-
detector-
historical

Speed-detector-
historical

Occupancy-
detector-
historical

Volume-
detector-
realtime-link

Speed-detector-
realtime-link
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Speed values on OpenStreetMap
network links (every 15-minutes, real-
time).

Speed values on OpenStreetMap

network links (historical).
Traffic conditions on OpenStreetMap
network links about congestion (every
15-minute, real-time).
Base traffic network of Thessaloniki, built
on OSM data. This is the reference
network for the datasets:
e  network-speed (real-time and
historical)
e  network-congestion (real-time
and historical)

Public bus lines for the city of
Thessaloniki.
Public bus stops for the city of
Thessaloniki.

Public bus schedules for the city of
Thessaloniki.

Estimated time of arrival for each bus line
and for each bus stop.

Traffic data collected from Toll Stations in
Hellastron network. Network includes
Aegean Motorway, Attiki Odos, Gefyra,
Egnatia Odos, Kentriki Odos, Moreas
Motorway, lonia Odos, Nea Odos and
Olympia Odos.

Flow values retrieved from traffic count
systems before specific intersections
across Thessaloniki (per network link).
Speed values retrieved from traffic count
systems before specific intersections
across Thessaloniki (per network link).
Occupancy values retrieved from traffic
count systems before specific
intersections across Thessaloniki (per
network link).

Flow values retrieved from traffic count
systems before specific intersections
across Thessaloniki (per detector).

Speed values retrieved from traffic count
systems before specific intersections
across Thessaloniki (per detector).
Occupancy values retrieved from traffic

count systems before specific
intersections across Thessaloniki (per
detector).

Flow values retrieved from traffic count
systems before specific intersections
across Thessaloniki (per network link,
real-time).

Speed values retrieved from traffic count
systems before specific intersections
across Thessaloniki (per network link,
real-time).

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Passenger
Passenger
Passenger

Passenger
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TH27

TH28

TH29

TH30

TH31

TH32

TH33

TH34

TH35

TH36

TH37

TH38

TH39

TH40

TH41

THA42

Traffic

Traffic

Traffic

Traffic

Other

Traffic

Traffic

Traffic

Traffic

Other

Other

Other

Other

Demand

Demand

Traffic

Traffic counts (real-
time)

Traffic counts (real-
time)

Traffic counts (real-
time)

Traffic counts (real-
time)

Traffic lights status
(real-time)

Traffic lights status
(real-time)

C-ITS message
broadcasted (real-
time)

C-ITS message
broadcasted (real-
time)

Traffic
management
plans, incl. triggers,
targets & actions
(real-time)

Traffic
management
plans, incl. triggers,
targets & actions
(library)

Origin-Destination

matrices unimodal

Origin-Destination
matrices unimodal

Variable Message
Signs (real-time)

Occupancy-
detector-
realtime-link

Volume-
detector-
realtime

Speed-detector-
realtime

Occupancy-
detector-
realtime

GIS (shapefile)
for the
Thessaloniki
network
(detectors)

tlc-status

tlc-info

tlc-signal-status

denm-incidents

location-event
(historical)

location-event
(realtime)

Traffic
Management
Plans real-time

Traffic
Management
Plans historical

OD Matrix for
the city of
Thessaloniki
OD Matrix for
the city of
Thessaloniki
Real Time Traffic
Information
from VMS in
Hellastron
network
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Occupancy values retrieved from traffic
count systems before specific
intersections across Thessaloniki (per
network link, real-time).

Flow values retrieved from traffic count
systems before specific intersections
across Thessaloniki (per detector, real-
time).

Speed values retrieved from traffic count
systems before specific intersections
across Thessaloniki (per detector, real-
time).

Occupancy values retrieved from traffic
count systems before specific
intersections across Thessaloniki (per
detector, real-time).

Base traffic network of Thessaloniki, built
on OSM data. This is the reference
network for the datasets related to
Volume, Speed and Occupancy from
detectors (real-time, historical).
Information about the operational status
of specific traffic lights controllers in
Thessaloniki.

Information about the signal program of
specific traffic lights controllers in
Thessaloniki (real-time).

Information about the signal status of
specific traffic lights controllers in
Thessaloniki (real-time).

C-ITS messages in real-time about traffic
incidents in Thessaloniki.

Location of events (e.g.,
congestion, etc.) (historical)
Location of events (e.g.,
congestion, etc.) (real-time)

accidents,

accidents,

Library of activated traffic management
plans in Thessaloniki, including their
trigger values, targets, and actions (real-
time)

Library of activated traffic management
plans in Thessaloniki, including their
trigger values, targets, and actions
(historical)

OD matrix for the city of Thessaloniki for
base year 2018.

OD matrix for the city of Thessaloniki for
base year 2025.

Current information for drivers from
Variable Message Signs (VMS) in
Hellastron network.

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road
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TH43

TH44

TH45

TH46

TH47

TH48

TH49

TH50

TH51

TH52

TH53

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Other

Other

Supply

Traffic

Traffic

Demand

Supply

Demand

Supply

Other

Demand

Demand

Variable Message
Signs (library)

Variable Message
Signs (real-time)

Speed (real-time)

Speed (historical)

Travel times (real-
time)

Travel times
(historical)

Traffic counts (real-
time)

Traffic counts
(historical)

Floating Car Data
(raw data, real
time)

Floating Car Data
(raw data, real
time)

Parking data (real-
time)

Parking supply
data

Shared mobility
useage/demand
data
On-demand
mobility supply
data

Road work
preplanned

vms-library

vms-realtime

speed-tomtom-
realtime

speed-tomtom-
historical

traveltimes-
tomtom-
realtime

traveltimes-
tomtom-
historical

counts-tomtom-
realtime

counts-tomtom-
historical

SUMO network
for the
Thessaloniki
network

Weather

Thessaloniki
network

Mode choice
data
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Library of all available Variable Message
Signs (VMS) for the city of Thessaloniki
and all installed VMSs.

VMS messages about traffic conditions in
Thessaloniki (real-time).

Speed values for network links in
Thessaloniki, produced using TomTom
FCD (every 1-minute, real-time).

Speed values for network links in
Thessaloniki, produced using TomTom
FCD (historical).

Travel time for specific routes in
Thessaloniki, produced using TomTom
FCD (every 1-minute, real-time).

Travel time for specific routes in
Thessaloniki, produced using TomTom
FCD (historical).

Dealy, queue, volume and turn ratio
values for specific signalized intersection
in Thessaloniki, produced using TomTom
FCD (every 1-minute, real-time).

Dealy, queue, volume and turn ratio
values for specific signalized intersection
in Thessaloniki, produced using TomTom
FCD (historical).

Base traffic network of Thessaloniki, in

SUMO format, for off- and on-line
simulation.
Weather data across the city of

Thessaloniki, in specific locations (every
60-minutes, real-time).

Base traffic network of Thessaloniki, in
VISSUM format, for off- and on-line
simulation.

Passenger train FCD (real-time).

Freight train FCD (real-time).

Available parking spots from specific
parking stations in the city of Thessaloniki
(real-time).

Total number of parking spots for specific
parking stations in the city of
Thessaloniki.

Shared vehicles/ scooters and bikes

Shared vehicles/ scooters and bikes

Road work preplanned

Mode choice data

Freight demand data

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Rail

Rail

Road

Road

Road

Road

Passenger

Freight

Passenger

Passenger

Passenger

Passenger
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2.3 Methodology for the identification of data requirements and
availability

As mentioned above, the objective of this section is to describe the process that was followed to
establish the data requirements and availability for each use case. This process is necessary so as to
identify potential data gaps in the data catalogues, to guide the data collection in the subsequent
stages of the project by filling these gaps and to determine when is feasible or not the development
and testing of a component in a specific case study. To this end, a two-phase process was
established, which is described below:

e Eliciting data requirements. Data requirements are formulated to define the input data
sources required for developing and testing the components constituting the
SYNCHROMODE Toolbox. These requirements differ across individual components. To
establish the data requirements, we followed the methodology outlined below:

o The initial stage involved gathering the data requirements or inputs for the
components to be developed in WP3, WP4 and WP5. To do this, we used the list of
components for these three work packages that are being defined in Task 6.1 and
that will be reported in Deliverable “D6.1 Creation and application of a reference
architecture”. For each component, we requested the following information:

= |dentifier: A unique identifier index for each data requirement and Work
Package.
=  Component: WP component to which the data requirement refers.
= Category: The general category to which the dataset belongs. It is the same
characteristic as the one described in Section 2.1.
= Sub-category: Lower-level categorisation of the nature of the input data
required for the component. It is aligned with the sub-category characteristic
described in Section 2.1.
= Provider: Indicates whether that data need should be covered by another
SYNCHROMODE component or by an external data source that needs to be
collected.
= Potential WP Provider: Indicates which is the WP that can potentially cover
that data need.
= Data requirement name: The name of the identified data requirement.
= Data requirement description: a brief description of the data requirement
and its characteristics.
= Priority: Indicates the priority of the "data requirement" for the development
and testing of the component. Three possible priorities were established:
e Critical: Development or testing of the component is impossible
without this data source.
e Desirable: Although the component can be developed or tested
without this data source, its absence may significantly impact
performance or functionality.

D3.1: Data requirements and inventory Page 22 of 94
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e Optional: The component can be developed or tested without this
data source; however, the performance or functionalities may have a
minor impact.

o The next phase involved specifying the precise data needs for each Case Study. This
was accomplished by identifying the components evaluated in each Case Study,
which is shown in Table 4 . Specifically, the data requirements for each Case Study
were established based on the data requirements of the WP3, WP4, and WP5
modules that will be tested in each.

e Matching data requirements and data availability for each Case Study. This phase involved
determining which data sources from the catalogues presented in Section 2.2, matched each
data requirement identified in the preceding step for each Case Study. Here it is important
to note that we only focus on those whose provider should be external data source. Through
this process, three key goals accomplished: 1) establish which modules are testable or not
in each Case Study based on available data, 2) identify suitable data sources for testing and
developing each module in each Case Study, and 3) identify data gaps that require to be
addressed and their level of criticality.

Finally, it is essential to note that both the data catalogues and the data requirements of the Case
studies may change during the following phases of the project. In other words, it is an iterative
process in which the documents and templates created for collecting data sources and data
requirements will be constantly updated.

Table 4: Identification of modules under each WP and correlation with each Case Study (Madrid, Netherlands, and Thessaloniki)

Module. WP. Madrid CS  Netherlands CS  Thessaloniki CS
Data quality: Assessment WP3 v v v
Data quality: Imputation of Missing and Erroneous Data WP3 (V) v
Trajectories analytics WP3 (V) v
Interfaces with raw/external data (Datex Il compliant) WP3 v N4 v
Forms (Datex Il compliant) WP3 N4 N v

Logistics delivery demand estimation & Service time

estimation for logistics deliveries WP3 v
DRT demand estimation WP3/WP4 N4
OD matrix similarity metrics for special events WP3 N/
PuT service KPIs WP3 v N v
Roadworks effect WP3 4 v
Id.entlfl.catlon and characterization of bottlenecks and WP3 v v
disruptions
Offline Simulation module WP4 v N v

D3.1: Data requirements and inventory Page 23 of 94
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Online Simulation module WP4 v v
Traffic state prediction WP4 v v
Prediction of disruptions WP4 v v
Synchronisation of PuT and DRT WP5 v

Freight on Transit WP5 v

Roadworks planning WP5 v

Advanced C-ITS and Traffic Signal Control Measures WP5 v
Automatic selection/recommendation of interventions WP5 N v
21:\2/:5;!:“::?: balance in connected and automated WPS v v
Social routing WP5 N v
KPls calculation WP6 v N v
TMPs exchange WP6 N v

The modules named “Interfaces with raw/external data”, “Forms (Datex Il compliant)”, “KPIs
calculation”, and “TMPs exchange” will not be included within the following process of identifying
the data needs/requirements. This is because these four modules do not have any data input
need/requirement. Specifically, the “Interfaces with raw/external data” module will facilitate the
programmatic interface between the available/external datasets and the rest of the
SYNCHROMODE modules. Additionally, the “Forms (Datex Il compliant)” module will play the role
of the interface through which the users of the SYNCHROMODE Toolbox will be able to import, edit
or delete all the information related to both planned and unplanned events, including the position
of the event, the affected links, lanes, the duration, the type of the event etc. Moreover, the last
two modules, “KPIs calculation” and “TMPs exchange”, will be abilities that the SYNCHROMODE
Toolbox will have in order to be able both to visualize the results as well as to communicate with
external and existing traffic management systems and centers.
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2.4 Data requirements and availability for Madrid Case Study

WP3
WP3
WP3

WP3

WP3
WP3
WP3
WP3
WP3
WP3
WP3
WP3
WP3

WP3

Component

Logistics delivery
demand and service
time estimation
Logistics delivery
demand and service
time estimation
Logistics delivery
demand and service
time estimation
Logistics delivery
demand and service
time estimation
DRT demand
estimation

DRT demand
estimation

DRT demand
estimation

DRT demand
estimation

DRT demand
estimation

DRT demand
estimation

PT service KPIs
PT service KPIs
PT service KPIs

PT service KPIs

Category

Demand

Other

Other

Other

Demand
Other
Other
Supply
Supply
Other
Supply
Supply
Supply

Demand

SYNCHROMODE

Table 5: Mapping of data requirements with data availability for the Madrid Case Study

Sub-category

Delivery demand data (freight)

Data from mobile-phone records

Shared mobility usage/demand data

Data from mobile-phone records
Public transport stops

Public transport stops

Public transport schedules
Public transport lines

Public transport stops
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Data Need ID

WP3_Dd_1

WP3_Dd_2

WP3_Dd_3

WP3_Dd_4

WP3_DRTE_1
WP3_DRTE_2
WP3_DRTE_3
WP3_DRTE_4
WP3_DRTE_4
WP3_DRTE_5
WP3_PTSK_1
WP3_PTSK_2
WP3_PTSK_3

WP3_PTSK_4

Data Need Name so:ra::ID

Parcel demand MA4
e L
Census data MA3
Logistic Pols MA6
Share mobility service data MA14
Land use MA2

OD matrices MA1

PT supply data MAS

PT supply data MA7
Sociodemographic information MA3

PT fixed schedules MA7

PT lines MA7

PT bus stops position MA5

PT Estimation time of arrival MA7
(ETA) per bus stop and line
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Data source Name

citylogin TMS

Mobile network
operator data

Spanish census data

E-commerce survey

Shared Mobility
Vehicle Dataset

SIOSE land use data

Mobile network
operator data
Public transport
network

Public transport
schedules

Spanish census data

Public transport
schedules
Public transport
schedules
Public transport
network

Public transport
schedules



WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

Data quality:
Assessment
Data quality:
Assessment
Data quality:
Assessment
Data quality:
Assessment
Data quality:
Assessment
Data quality:
Assessment
Data quality:
Assessment
Data quality:
Assessment
Data quality:
Assessment
Data quality:
Assessment
Data quality:
Assessment
Data quality:
Assessment
Data quality:
Imputation of
Missing and
Erroneous Data
Data quality:
Imputation of
Missing and
Erroneous Data
Data quality:
Imputation of
Missing and
Erroneous Data
Data quality:
Imputation of
Missing and
Erroneous Data

Traffic
Traffic
Other
Other
Supply
Supply
Other
Demand
Demand
Demand
Supply

Other

Traffic

Traffic

Traffic

Traffic

Traffic counts (historical, from any traffic
measuring system)

Speed (historical, from any traffic
measuring system)

Public transport stops

Public transport stops

Delivery demand data (freight)

Shared mobility usage/demand data

Speed (historical, from any traffic
measuring system)

Traffic counts (historical, from any traffic
measuring system)

Traffic counts (historical, from any traffic
measuring system)

Speed (historical, from any traffic
measuring system)

D3.1: Data requirements and inventory

Copyright © 2023 by SYNCHROMODE

WP3_DQA_9

WP3_DQA_5
WP3_DQA_6

WP3_DQA_7
WP3_DQA 8
WP3_DQA_9
WP3_DQA_10
WP3_DQA_11
WP3_DQA_12
WP3_DQA_13
WP3_DQA_14

WP3_DQA_15

WP3_IMI_2

WP3_IMI_4

WP3_IMI_6

WP3_IMI_8

SYNCHROMODE

Flow values .from. loop MAL1
detectors (historical)
Sp.eed yalues for network links MA12
(historical)
Census data MA3
Logistic Pols MA6
PT supply data MAS
PT supply data MA7
Land use MA2
Parcel demand MA4
Share mobility service data MA14
Household Travel Survey MAS8
Logistic consolidation centers MA13
Weather data MA9
Speed values from loop
detectors (historical) MALL
Flow values from} loop MA11
detectors (historical)
Occupancy Yalugs from loop MA11
detectors (historical)
Speed Yalues for network links MA12
(historical)
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Traffic counts
Average speed
Spanish census data

E-commerce survey

Public transport
network

Public transport
schedules

SIOSE land use data

citylogin TMS

Shared Mobility
Vehicle Dataset
Household Travel
Survey

Logistic consolidation
centers

AEMET weather data

Traffic counts

Traffic counts

Traffic counts

Average speed



WP4

WP4

WP4

WP4

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5
WP5
WP5

Offline simulation
module
Offline simulation
module
Offline simulation
module
Offline simulation
module

Freight on Transit
Freight on Transit
Freight on Transit
Freight on Transit

Freight on Transit
Freight on Transit

Synch of PT and DRT
Synch of PT and DRT

Synch of PT and DRT

Synch of PT and DRT
Synch of PT and DRT
Synch of PT and DRT

Other

Traffic
Traffic
Traffic
Supply
Supply
Supply
Supply
Supply
Other

Supply
Supply

Supply

Supply
Supply
Other

Transport model

Traffic counts (historical, from any traffic
measuring system)

Travel times (historical, from any traffic
measuring system)

Speed (historical, from any traffic
measuring system)

Public transport schedules
Public transport lines
Public transport stops
Public transport fleet data

Freight fleet data
Transport model

Public transport schedules
Public transport lines

Public transport stops

DRT Fleet data
DRT Fleet data

Transport model
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WP4_OffSM_1
WP4_OffSM_3
WP4_OffSM_4
WP4_OffSM_5
WP5_FoT 2
WP5_FoT_3
WP5_FoT_4
WP5_FoT 5

WP5_FoT_7
WP5_FoT_8

WP5_PT&DRT_3
WP5_PT&DRT_4

WP5_PT&DRT_5

WP5_PT&DRT_6
WP5_PT&DRT_7
WP5_PT&DRT_8

SYNCHROMODE

Transport model MA10

historical vehicular traffic data MA11

historical trip time

Avg speed data MA12

Public transport schedules MA7

Public transport lines MA7

Public transport stops MAS

Public transport fleet

characteristics

Location of logistic operators MA13

depots

Transport model MA10

Public transport schedules MA7

Public transport lines MA7

Public transport stops MAS

DRT fleet characteristics

DRT operators' depot location

Transport model MA10
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Madrid network model

Traffic counts

Average speed

Public transport
schedules
Public transport
schedules
Public transport
network

Logistic consolidation
centers

Madrid network model
Public transport
schedules

Public transport
schedules

Public transport
network

Madrid network model
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2.5 Data requirements and availability for Netherlands Case Study

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

Component

Table 6: Mapping of data requirements with data availability for the Netherlands Case Study

Category

Sub-category

Data Need ID

Data Need Name

Data
source

Data source Name

Data quality: Assessment
Data quality: Assessment
Data quality: Assessment

Data quality: Assessment

Data quality: Assessment

Data quality: Assessment

Data quality: Assessment

Data quality: Assessment

Data quality: Assessment
Data quality: Assessment

Data quality: Imputation of Missing
and Erroneous Data

Data quality: Imputation of Missing
and Erroneous Data

Data quality: Imputation of Missing
and Erroneous Data

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Speed (real-time, from any traffic
measuring system)
Speed (historical, from any traffic
measuring system)
Speed (real-time, from any traffic
measuring system)
Speed (historical, from any traffic
measuring system)

Speed (real-time, from any traffic
measuring system)

Speed (historical, from any traffic
measuring system)

Traffic counts (real-time, from any
traffic measuring system)

Traffic counts (historical, from any
traffic measuring system)

Traffic counts (real-time, from any
traffic measuring system)
Traffic counts (historical, from any
traffic measuring system)

Speed (real-time, from any traffic

measuring system)

Speed (historical, from any traffic
measuring system)

Traffic counts (real-time, from any
traffic measuring system)
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WP3_DQA 4
WP3_DQA_5
WP3_DQA 4

WP3_DQA_5

WP3_DQA_6

WP3_DQA_7

WP3_DQA_8

WP3_DQA_9

WP3_DQA_10

WP3_DQA_11

WP3_IMI_1

WP3_IMI_2

WP3_IMI_3

Speed values for network
. . SH2
links (real-time)
Speed values for network
links (historical)
Speed valugs for network SH23
links (real-time)
Speed values for network
links (historical) SH24
Speed values from loop

. SH2
detectors (real-time
Speed values from loop
detectors (historical) Sk
Flow values from loop

. SH1
detectors (real-time)
Flow values from- loop SH36
detectors (historical)
Flow v.alues from FCD data SH21
(real-time)
Fl9w v?lues from FCD data SH22
(historical)
Speed values from loop SH2
detectors (real-time)
Speed values from loop
detectors (historical) SH36
Flow values from loop

. SH1
detectors (real-time)
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traffic information major
roads, speed real-time

Speeds - Be-Mobile

Speeds - Be-Mobile

traffic information major
roads, traffic counts real-
time

traffic information major
roads, traffic counts
historical

traffic information major
roads, traffic counts real-
time

traffic information major
roads, traffic counts
historical

Traffic counts - Be-Mobile

Traffic counts - Be-Mobile

traffic information major
roads, traffic counts real-
time

traffic information major
roads, traffic counts
historical

traffic information major
roads, traffic counts real-
time



WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3
WP3
WP3

Data quality: Imputation of Missing
and Erroneous Data

Data quality: Imputation of Missing
and Erroneous Data

Data quality: Imputation of Missing
and Erroneous Data

Data quality: Imputation of Missing
and Erroneous Data
Data quality: Imputation of Missing
and Erroneous Data
Data quality: Imputation of Missing
and Erroneous Data
Data quality: Imputation of Missing
and Erroneous Data
Data quality: Imputation of Missing
and Erroneous Data

Trajectories analytics

Trajectories analytics

OD matrix similarity metrics for
special events
OD matrix similarity metrics for
special events
OD matrix similarity metrics for
special events
OD matrix similarity metrics for
special events
OD matrix similarity metrics for
special events
OD matrix similarity metrics for
special events

PT service KPIs
PT service KPIs

PT service KPIs

Traffic

Traffic

Traffic

Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Demand
Demand
Other
Other
Other

Other
Supply

Supply
Supply

Traffic counts (historical, from any
traffic measuring system)

Traffic counts (real-time, from any
traffic measuring system)

Traffic counts (historical, from any
traffic measuring system)

Speed (real-time, from any traffic
measuring system)

Speed (historical, from any traffic
measuring system)

Traffic counts (real-time, from any
traffic measuring system)

Traffic counts (historical, from any
traffic measuring system)

Floating Car Data (raw data, real
time)

Floating Car Data (raw data,
historical)

Origin-Destination matrices
unimodal

Origin-Destination matrices
unimodal

Public transport schedules
Public transport lines

Public transport stops
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WP3_IMI_4

WP3_IMI_5

WP3_IMI_6

WP3_IMI_7
WP3_IMI_8
WP3_IMI_11
WP3_IMI_12
WP3_IMI_13
WP3_TA_3
WP3_TA 4
WP3_ODMSE_1
WP3_ODMSE_2
WP3_ODMSE_3
WP3_ODMSE_4
WP3_ODMSE_5

WP3_ODMSE_5

WP3_PTSK_1
WP3_PTSK_2
WP3_PTSK_3

SYNCHROMODE

Flow values from loop
detectors (historical) Sk
Occupancy values from loop

. SH1
detectors (real-time)
Occupancy v.alue.s from loop SH36
detectors (historical)
speed valugs for network SH23
links (real-time)
S.peed \./alue.s for network SH24
links (historical)
Flow v'alues from FCD data SH21
(real-time)
Fl9w Vf:]lues from FCD data SH22
(historical)
Bicycle counts (historical) SH34
Floating c.ar data from . SH15
commercial fleet (real-time)
Floating c.ar data frgm . SH16
commercial fleet (historical)
Traffic OD matrix
Public transport OD matrix
Weather conditions SH14
T_|c_ket sales/Number of SH30
visitors
Calendar events SH27
Calendar events SH28
PuT fixed schedules
PuT lines
PuT bus stops position
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traffic information major
roads, traffic counts
historical

traffic information major
roads, traffic counts real-
time

traffic information major
roads, traffic counts
historical

Speeds - Be-Mobile
Speeds - Be-Mobile
Traffic counts - Be-Mobile

Traffic counts - Be-Mobile

dexter.ndw.nu/opendata/b
icycle

FCD - Be-Mobile

FCD - Be-Mobile

Weather
Ticket sales Keukenhof
School holidays Europe

National holidays Europe



WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP4

WP4

WP4

WP4

PT service KPIs

Identification of bottlenecks and
disruptions
Identification of bottlenecks and
disruptions
Identification of bottlenecks and
disruptions
Identification of bottlenecks and
disruptions
Identification of bottlenecks and
disruptions
Identification of bottlenecks and
disruptions
Identification of bottlenecks and
disruptions
Identification of bottlenecks and
disruptions
Identification of bottlenecks and
disruptions
Identification of bottlenecks and
disruptions
Identification of bottlenecks and
disruptions
Identification of bottlenecks and
disruptions
Identification of bottlenecks and
disruptions
Identification of bottlenecks and
disruptions

Offline simulation

Offline simulation

Offline simulation

Offline simulation

Demand

Other

Other

Other

Other

Other

Other

Other

Other

Other

Other

Other

Other

Other

Other

Other

Traffic

Traffic

Traffic

Transport model

Traffic management plans, incl.
triggers, targets & actions (library)

Traffic counts (real-time, from any
traffic measuring system)

Traffic counts (real-time, from any
traffic measuring system)
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WP3_PTSK_4

WP3_BND_9
WP3_BND_10
WP3_BND_11
WP3_BND_12
WP3_BND_13
WP3_BND_14
WP3_BND_15
WP3_BND_1
WP3_BND_1
WP3_BND_2
WP3_BND_2
WP3_BND_4
WP3_BND_4

WP3_BND_4
WP4_OffSM_1

WP4_OffSM_2

WP4_OffsSM_3

WP4_OffSM_3

SYNCHROMODE

PuT Estimation time of
arrival (ETA) per bus stop
and line
erathgr conditions SH14
(historical)
Incidents (historical)
Road works (historical)
Road network topology
Free flow speed / Maximum
speed
Road Capacity
Traffic OD matrix
Travel times (historical) SH20
Travel times (historical) SH16
Speed values (historical) SH24
Speed values (historical) SH16
Flow values (historical) SH16
Flow values (historical) SH22
Flow values (historical) SH36
Transport model SH37
Road work preplanned
real time vehicular traffic SH1
data
real time vehicular traffic SHO1
data
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Weather

Travel times - Be-Mobile
FCD - Be-Mobile

Speeds - Be-Mobile

FCD - Be-Mobile

FCD - Be-Mobile

Traffic counts - Be-Mobile

dexter.ndw.nu/opendata

South Holland transport
model

traffic information major
roads, traffic counts real-
time

Traffic counts - Be-Mobile



WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4
WP4

WP4

WP4

WP4

WP4

WP4
WP4
WP4

WP4

WP4
WP4
WP4

WP4

WP4

Offline simulation

Offline simulation

Offline simulation

Offline simulation

Offline simulation

Offline simulation

Offline simulation

Offline simulation
Offline simulation

Offline simulation

Offline simulation

Offline simulation

Offline simulation

Offline simulation
Offline simulation

Offline simulation
Offline simulation

Offline simulation
Offline simulation

Offline simulation

Offline simulation

Offline simulation

Traffic

Traffic

Traffic

Traffic
Traffic
Traffic
Traffic

Traffic
Demand

Demand
Demand
Demand

Demand

Demand
Demand

Demand

Demand

Supply
Supply
Supply

Supply

Supply

Traffic counts (historical, from any
traffic measuring system)

Traffic counts (historical, from any
traffic measuring system)

Travel times (real-time, from any
traffic measuring system)

Travel times (real-time, from any
traffic measuring system)

Travel times (historical, from any
traffic measuring system)

Speed (real-time, from any traffic
measuring system)

Speed (real-time, from any traffic
measuring system)

Speed (historical, from any traffic
measuring system)

Public transport ticketing data

Public transport smart card data

Origin-Destination matrices
unimodal

Shared mobility useage/demand
data

On-demand mobility
useage/demand data

Survey data
Official statistics data
Delivery demand data (freight)

Parking data (real-time)

Public transport schedules
Public transport lines

Public transport stops

Transport network supply data

On-demand mobility supply data
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WP4_OffSM_4

WP4_OffSM_4

WP4_OffSM_5

WP4_OffSM_5
WP4_OffSM_6
WP4_OffSM_7
WP4_OffSM_7
WP4_OffSM_8

WP4_OffSM_9
WP4_OffSM_10

WP4_OffSM_11
WP4_OffSM_12
WP4_OffSM_13

WP4_OffSM_14
WP4_OffSM_15
WP4_OffSM_16
WP4_OffSM_17

WP4_OffSM_18
WP4_OffSM_19
WP4_OffSM_20
WP4_OffSM_21

WP4_OffSM_22

SYNCHROMODE

historical vehicular traffic
data

historical vehicular traffic
data

current trip time

current trip time

historical trip time
current speed data
current speed data

Avg speed data
PuT demand ticketing data

PuT demand smartcard data

OD Matrices Unimodal

Shared mobility

useage/demand data
On-demand mobility
useage/demand data

Survey data
Mode choice data

Freight demand data
historical and realtime
parking data

PuT schedule data

PuT route data

PuT designated stops
vehicle tracking data,
infrastructure capacity data
On-demand mobility supply
data
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SH36

SH22

SH3

SH19

SH20

SH2

SH23

SH24

SH25

SH5

traffic information major
roads, traffic counts
historical

Traffic counts - Be-Mobile

traffic information major
roads, travel times real-
time

Travel times - Be-Mobile

Travel times - Be-Mobile

traffic information major
roads, speed real-time

Speeds - Be-Mobile

Speeds - Be-Mobile

Transaction data OV
chipcard

Parking data (real-time)



WP4
WP4
WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4
WP4
WP4

WP4

WP4
WP4
WP4
WP4
WP4
WP4

Offline simulation
Offline simulation

Offline simulation

Online simulation

Online simulation

Online simulation

Online simulation

Online simulation

Online simulation
Online simulation

Online simulation

Online simulation

Online simulation

Online simulation

Online simulation
Online simulation

Online simulation
Online simulation

Online simulation
Online simulation
Online simulation
Online simulation

Online simulation

Traffic state prediction

Supply
Supply
Supply

Traffic

Traffic

Traffic

Traffic
Traffic

Traffic
Demand

Demand
Demand
Demand

Demand

Demand
Demand

Demand

Demand

Supply
Supply
Supply
Supply
Supply
Supply

Shared mobility supply data
Parking supply data
Freight fleet data

Traffic counts (real-time, from any
traffic measuring system)

Traffic counts (real-time, from any
traffic measuring system)

Travel times (real-time, from any
traffic measuring system)

Travel times (real-time, from any
traffic measuring system)

Speed (real-time, from any traffic
measuring system)

Speed (real-time, from any traffic
measuring system)

Public transport ticketing data

Public transport smart card data

Origin-Destination matrices
unimodal

Shared mobility useage/demand
data

On-demand mobility
useage/demand data

Survey data
Official statistics data
Delivery demand data (freight)

Parking data (real-time)

Public transport schedules
Public transport lines
Public transport stops
Parking supply data
Freight fleet data

Public transport lines
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WP4_OffSM_23
WP4_OffSM_24
WP4_OffSM_25
WP4_OnSM_1

WP4_0OnSM_1

WP4_OnSM_2

WP4_OnSM_2
WP4_OnSM_3
WP4_0OnSM_3

WP4_OnSM_4
WP4_OnSM_5

WP4_OnSM_6
WP4_OnSM_7
WP4_OnSM_8

WP4_OnSM_9
WP4_OnSM_10
WP4_OnsSM_11
WP4_OnSM_12

WP4_OnSM_13
WP4_OnSM_14
WP4_OnSM_15
WP4_OnSM_16
WP4_0OnSM_17
WP4_TSP_1

SYNCHROMODE

Shared mobility supply data

Parking capacity data
Freight supply data

real time vehicular traffic

data

real time vehicular traffic

data

current trip time

current trip time
current speed data

current speed data

PuT demand ticketing data

PuT demand smartcard data

OD Matrices Unimodal

Shared mobility

useage/demand data
On-demand mobility
useage/demand data

Survey data
Mode choice data

Freight demand data
historical and realtime
parking data

PuT schedule data

PuT route data

PuT designated stops
Parking capacity data
Freight supply data

PuT route data

SH5

SH1

SH21

SH3

SH19

SH2

SH23

SH25

SH5

SH5
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Parking data (real-time)

traffic information major
roads, traffic counts real-
time

Traffic counts - Be-Mobile

traffic information major
roads, travel times real-
time

Travel times - Be-Mobile

traffic information major
roads, speed real-time

Speeds - Be-Mobile

Transaction data OV
chipcard

Parking data (real-time)

Parking data (real-time)



WP4

WP4

WP4
WP4
WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4
WP4

WP4

Traffic state prediction
Traffic state prediction

Traffic state prediction
Traffic state prediction

Traffic state prediction
Traffic state prediction
Traffic state prediction

Traffic state prediction

Traffic state prediction
Traffic state prediction

Traffic state prediction
Traffic state prediction

Traffic state prediction

Traffic state prediction

Traffic state prediction

Traffic state prediction

Traffic state prediction
Traffic state prediction

Traffic state prediction

Traffic state prediction

Traffic state prediction

Prediction of disruptions

Supply

Demand

Supply
Demand

Demand
Demand
Demand

Demand

Demand
Demand

Demand
Traffic

Traffic

Traffic

Traffic

Traffic

Traffic
Supply

Supply
Supply
Supply
Traffic

Public transport stops
Parking data (real-time)

Public transport schedules
Official statistics data

Delivery demand data (freight)

On-demand mobility
useage/demand data

Survey data

Origin-Destination matrices
unimodal

Shared mobility useage/demand
data

Public transport ticketing data

Public transport smart card data

Speed (real-time, from any traffic
measuring system)
Speed (real-time, from any traffic
measuring system)

Travel times (real-time, from any
traffic measuring system)

Travel times (real-time, from any
traffic measuring system)

Traffic counts (real-time, from any
traffic measuring system)

Traffic counts (real-time, from any
traffic measuring system)

Transport network supply data

On-demand mobility supply data

Parking supply data

Freight fleet data

Travel times (historical, from any
traffic measuring system)
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WP4_TSP_2
WP4_TSP_3

WP4_TSP_4
WP4_TSP_5
WP4_TSP_6
WP4_TSP_7

WP4_TSP_8
WP4_TSP_9

WP4_TSP_10

WP4_TSP_11
WP4_TSP_12

WP4_TSP_13
WP4_TSP_13

WP4_TSP_14

WP4_TSP_14

WP4_TSP_15

WP4_TSP_15
WP4_TSP_16
WP4_TSP_17

WP4_TSP_18
WP4_TSP_19

WP4_PD_1

SYNCHROMODE

PuT designated stops
historical and realtime
parking data

PuT schedule data
Mode choice data
Freight demand data

On-demand mobility
useage/demand data

Survey data
OD Matrices Unimodal

Shared mobility
useage/demand data

PuT demand ticketing data

PuT demand smartcard data
current speed data

current speed data

current trip time

current trip time

real time vehicular traffic
data

real time vehicular traffic
data

vehicle tracking data,
infrastructure capacity data
On-demand mobility supply
data

Parking capacity data

Freight supply data

Travel times

Page 33 of 94

SH5

SH25

SH2

SH23

SH3

SH19

SH1

SH21

SH5

SH20

Parking data (real-time)

Transaction data OV
chipcard

traffic information major
roads, speed real-time

Speeds - Be-Mobile

traffic information major
roads, travel times real-
time

Travel times - Be-Mobile

traffic information major
roads, traffic counts real-
time

Traffic counts - Be-Mobile

Parking data (real-time)

Travel times - Be-Mobile



WP4

WP4

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

Prediction of disruptions
Prediction of disruptions

Automatic recommendation of
Interventions

Automatic recommendation of
Interventions

Automatic recommendation of
Interventions

Automatic recommendation of
Interventions
Automatic recommendation of
Interventions
Automatic recommendation of
Interventions

Automatic recommendation of
Interventions

Automatic recommendation of
Interventions
Automatic recommendation of
Interventions

Automatic recommendation of
Interventions

Automatic recommendation of
Interventions
Automatic recommendation of
Interventions
Automatic recommendation of
Interventions
Automatic recommendation of
Interventions
Automatic recommendation of
Interventions

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic
Traffic

Traffic

Traffic

Supply

Other

Traffic

Traffic
Traffic
Traffic
Traffic

Traffic

Speed (historical, from any traffic
measuring system)

Floating Car Data (raw data,
historical)

Traffic counts (historical, from any
traffic measuring system)

Traffic counts (historical, from any
traffic measuring system)

Traffic counts (real-time, from any
traffic measuring system)

Traffic counts (real-time, from any
traffic measuring system)

Travel times (historical, from any
traffic measuring system)

Travel times (real-time, from any
traffic measuring system)

Travel times (real-time, from any
traffic measuring system)

Transport network supply data

Transport model

Traffic management plans, incl.
triggers, targets & actions (real-
time)

Traffic management plans, incl.
triggers, targets & actions (library)
Speed (historical, from any traffic
measuring system)

Speed (real-time, from any traffic
measuring system)

Speed (historical, from any traffic
measuring system)

Speed (real-time, from any traffic
measuring system)
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WP4_PD_2

WP4_PD_3

WP5_ARI_1

WP5_ARI_1

WP5_ARI_2

WP5_ARI_2
WP5_ARI_3

WP5_ARI_4

WP5_ARI_4

WP5_ARI_5

WP5_ARI_6

WP5_ARI_7

WP5_ARI_8
WP5_ARI_3
WP5_ARI_4
WP5_ARI_3

WP5_ARI_4

SYNCHROMODE

Speed SH24

Position and speed data

from FCD SH16

Traffic counts historical SH36

Traffic counts historical SH22

Traffic counts real-time SH1

Traffic counts real-time SH21

Travel times historical SH20

Travel times real-time SH19

Travel times real-time SH3

Transport network data

Transport model

Traffic Management Plans

real-time

Traffic Management Plans

historical

Speed historical

Speed real-time SH2

Speed historical SH24

Speed real-time SH23
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Speeds - Be-Mobile

FCD - Be-Mobile

traffic information major
roads, traffic counts
historical

Traffic counts - Be-Mobile

traffic information major
roads, traffic counts real-
time

Traffic counts - Be-Mobile
Travel times - Be-Mobile

Travel times - Be-Mobile

traffic information major
roads, travel times real-
time

traffic information major
roads, speed real-time

Speeds - Be-Mobile

Speeds - Be-Mobile



SYNCHROMODE

2.6 Data requirements and availability for Thessaloniki Case Study

n

WP3
WP3
WP3
WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3
WP3
WP3

WP3

WP3

WP3

WP3

WP3

Data quality:

Data quality:
Data quality:
Data quality:

Data quality:
Data quality:
Data quality:
Data quality:
Data quality:
Data quality:
Data quality:

Data quality:
Data quality:
Data quality:

Data quality:

Data quality:

Data quality:
Data quality:

Data quality:

Assessment
Assessment
Assessment
Assessment

Assessment

Assessment

Assessment

Assessment

Assessment

Assessment

Assessment

Assessment
Assessment

Assessment

Assessment

Assessment

Assessment

Assessment

Assessment

Table 7: Mapping of data requirements with data availability for the Thessaloniki Case Study

Other
Other
Other
Other

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic
Other
Traffic

Traffic

Demand

Traffic

Traffic

Traffic

Sub-category

Speed (real-time, from any
traffic measuring system)
Speed (historical, from any
traffic measuring system)
Speed (real-time, from any
traffic measuring system)
Speed (historical, from any
traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)
Travel times (real-time, from
any traffic measuring system)
Travel times (historical, from
any traffic measuring system)

Travel times (real-time, from
any traffic measuring system)
Travel times (historical, from
any traffic measuring system)

Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)
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Data Need ID

WP3_DQA_20
WP3_DQA 21
WP3_DQA_18
WP3_DQA 18

WP3_DQA_4
WP3_DQA_4
WP3_DQA 6
WP3_DQA_7
WP3_DQA_8
WP3_DQA_9
WP3_DQA_12

WP3_DQA_13

WP3_DQA_14

WP3_DQA_15

WP3_DQA_16

WP3_DQA_18
WP3_DQA_18

WP3_DQA_19

Data Need Name Data Data source Name
source ID
Incidents TH36 Location of event (historical)
Incidents TH37 Location of event (real-time)
Road works TH36 Location of event (historical)
Road works TH37 Location of event (real-time)
lues f k
S:peed va ugs or networ TH10 network-speed
links (real-time)
Speed values f twork S
'pee Ya ue:s or networ TH11 network-speed-historical
links (historical)
lues fi I
Speed values ro.m oop TH29 Speed-detector-realtime
detectors (real-time)
Speed value.s fr°.m loop TH23 Speed-detector-historical
detectors (historical)
Flow values from loop Volume-detector-realtime-
. TH25 .
detectors (real-time) link
Flow values from loop Volume-detector-historical-
. . TH19 .
detectors (historical) link
Travel times frorT\ BT TH2 itravel-traveltimes
detectors (real-time)
Travel tlmes.fron? BT TH3 itravel-traveltimes-historical
detectors (historical)
itravel-paths TH4 itravel-paths
i D
Travel'tlmes from FCD data THS fed-traveltimes
(real-time)
Trf'avel _tlmes from FCD data TH9 fcd-traveltimes-historical
(historical)
ETA value§ per minute for Estimated time of arrival from
each bus line and each bus TH17 .
. . public transport
stop (real-time, every minute)
0 lues fi |
ccupancy va ue?s rom foop TH30 Occupancy-detector-realtime
detectors (real-time)
Occupancy values from loop Occupancy-detector-realtime-
. TH27 .
detectors (real-time) link
0 lues fi |
ceupancy v_a ue_s rom loop TH24 Occupancy-detector-historical
detectors (historical)
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WP3

WP3

WP3

WP3

WP3

WP3
WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

Data quality: Assessment
Data quality: Assessment
Data quality: Assessment
Data quality: Assessment

Data quality: Assessment

Data quality: Assessment
Data quality: Assessment

Data quality: Assessment

Data quality: Assessment

Data quality: Imputation of
Missing and Erroneous Data
Data quality: Imputation of
Missing and Erroneous Data
Data quality: Imputation of
Missing and Erroneous Data
Data quality: Imputation of
Missing and Erroneous Data
Data quality: Imputation of
Missing and Erroneous Data
Data quality: Imputation of
Missing and Erroneous Data
Data quality: Imputation of
Missing and Erroneous Data
Data quality: Imputation of
Missing and Erroneous Data
Data quality: Imputation of
Missing and Erroneous Data
Data quality: Imputation of
Missing and Erroneous Data
Data quality: Imputation of
Missing and Erroneous Data
Data quality: Imputation of
Missing and Erroneous Data

Traffic

Traffic

Traffic

Traffic

Traffic

Other
Other

Other

Other

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic counts (historical, from
any traffic measuring system)
Speed (real-time, from any
traffic measuring system)
Speed (historical, from any
traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)

Speed (real-time, from any
traffic measuring system)
Speed (historical, from any
traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)
Speed (real-time, from any
traffic measuring system)
Speed (historical, from any
traffic measuring system)
Travel times (real-time, from
any traffic measuring system)
Travel times (historical, from
any traffic measuring system)
Speed (real-time, from any
traffic measuring system)
Speed (historical, from any
traffic measuring system)

D3.1: Data requirements and inventory
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WP3_DQA 19
WP3_DQA_14
WP3_DQA_15
WP3_DQA_10

WP3_DQA_11

WP3_DQA 22
WP3_DQA_23

WP3_DQA 24

WP3_DQA_24

WP3_IMI_1
WP3_IMI_2
WP3_IMI_3
WP3_IMI_4
WP3_IMI_5
WP3_IMI_6
WP3_IMI_7
WP3_IMI_8
WP3_IMI_13
WP3_IMI_14
WP3_IMI_15

WP3_IMI_16

SYNCHROMODE

Occupancy values from loop
detectors (historical)
Travel times from FCD data
(real-time)

Travel times from FCD data
(historical)

Flow values from FCD data
(real-time)

Flow values from FCD data
(historical)

PuT route data

PuT designated stops

GIS file for the road network

GIS file for the road network

Speed values from loop
detectors (real-time)

Speed values from loop
detectors (historical)

Flow values from loop
detectors (real-time)

Flow values from loop
detectors (historical)
Occupancy values from loop
detectors (real-time)
Occupancy values from loop
detectors (historical)

Speed values for network
links (real-time)

Speed values for network
links (historical)

Travel times from BT
detectors (real-time)

Travel times from BT
detectors (historical)

Speed values from FCD (real-
time)

Speed values from FCD
(historical)

TH21 Ohccup.ancyf—detector—
historical-link

TH45 speed-tomtom-realtime

TH46 speed-tomtom-historical

TH49 counts-tomtom-realtime

TH50 counts-tomtom-historical

TH14 buslinesJan2021

TH15 busstopslan2021

TH13 GIS (shapgfﬂe) for the
Thessaloniki network (FCD)
GIS (shapefile) for the

TH31 Thessaloniki network
(Detectors)

TH29 Speed-detector-realtime

TH23 Speed-detector-historical

TH2S Yolume-detector-realtlme-
link

TH19 Yolume—detector—hlstorlcal—
link

TH27 Qccupancy-detector-realtlme-
link

TH21 O.ccup.ancyf—detector—
historical-link

TH10 network-speed

TH11 network-speed-historical

TH2 itravel-traveltimes

TH3 itravel-traveltimes-historical

TH45 speed-tomtom-realtime

TH46 speed-tomtom-historical
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WP3

WP3

WP3

WP3

WP3
WP3
WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

Data quality: Imputation of
Missing and Erroneous Data
Data quality: Imputation of
Missing and Erroneous Data

Trajectories
Analytics
Trajectories
analytics

PT service KPIs
PT service KPIs
PT service KPIs

PT service KPIs

Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions

Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions

Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions

Other

Other

Traffic

Traffic

Supply
Supply
Supply

Demand
Other
Other
Other
Other
Other

Other

Other

Other

Other

Other

Other

Other

Floating Car Data (raw data, real
time)

Floating Car Data (raw data,
historical)

Public transport schedules
Public transport lines

Public transport stops

D3.1: Data requirements and inventory
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WP3_IMI_17

WP3_IMI_17

WP3_TA_1

WP3_TA 2

WP3_PTSK_1
WP3_PTSK_2
WP3_PTSK_3

WP3_PTSK_4
WP3_BND_9

WP3_BND_10
WP3_BND_11
WP3_BND_10
WP3_BND_11

WP3_BND_12

WP3_BND_12

WP3_BND_13

WP3_BND_14

WP3_BND_14

WP3_BND_15

WP3_BND_15

SYNCHROMODE

GIS file for the road network

GIS file for the road network
Floating car data from taxi
fleet (real-time)

Floating car data from taxi
fleet (historical)

PuT fixed schedules

PuT lines

PuT bus stops position

PuT Estimation time of arrival
(ETA) per bus stop and line

Weather conditions
Incidents

Road works
Incidents

Road works

Road network topology

Road network topology

Free flow speed / Maximum
speed

Road Capacity

Road Capacity

Traffic OD matrix

Traffic OD matrix

GIS (shapefile) for the

TH13 Thessaloniki network (FCD)
GIS (shapefile) for the

TH31 Thessaloniki network
(Detectors)

TH6 fcd-gps

TH7 fcd-gps-historical

TH14 buslinesJan2021

TH15 busstopsJan2021

TH16 public_schedules

TH17 ETA

TH52 Weather

TH36 Location of event (historical)

TH36 Location of event (historical)

TH37 Location of event (real-time)

TH37 Location of event (real-time)

TH13 GIS (shape.fl.le) for the
Thessaloniki network (FCD)
GIS (shapefile) for the

TH31 Thessaloniki network
(Detectors)

TH11 network-speed-historical

TH13 GIS (shape.f|.|e) for the
Thessaloniki network (FCD)
GIS (shapefile) for the

TH31 Thessaloniki network
(Detectors)
OD Matrix for the city of

TH40 Thessaloniki for 2018
OD Matrix for the city of

THa1 Thessaloniki for 2025
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WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP3

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions
Identification of bottlenecks
and disruptions

Offline simulation

Offline simulation

Offline simulation
Offline simulation
Offline simulation
Offline simulation
Offline simulation
Offline simulation
Offline simulation

Offline simulation

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Other

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)
Speed (real-time, from any
traffic measuring system)
Speed (historical, from any
traffic measuring system)
Travel times (real-time, from
any traffic measuring system)
Travel times (historical, from
any traffic measuring system)
Speed (real-time, from any
traffic measuring system)
Speed (historical, from any
traffic measuring system)

Transport model

Traffic management plans, incl.

triggers, targets & actions
(library)

Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)

D3.1: Data requirements and inventory
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WP3_BND_16
WP3_BND_16
WP3_BND_17
WP3_BND_17
WP3_BND_19
WP3_BND_20
WP3_BND_21
WP3_BND_22
WP3_BND_23
WP3_BND_24

WP4_OffSM_1

WP4_OffSM_2

WP4_OffsM_3
WP4_OffSM_3
WP4_OffsSM_3
WP4_OffsM_3
WP4_OffSM_3
WP4_OffsM_3
WP4_OffSM_4

WP4_OffSM_4

SYNCHROMODE

Occupancy values from loop
detectors (real-time)
Occupancy values from loop
detectors (real-time)
Occupancy values from loop
detectors (historical)
Occupancy values from loop
detectors (historical)

Speed values for network
links (real-time)

Speed values for network
links (historical)

Speed values from FCD (real-
time)

Speed values from FCD
(historical)

Speed values from loop
detectors (real-time)

Speed values from loop
detectors (historical)

Transport model

Road work preplanned

real time vehicular traffic
data
real time vehicular traffic
data
real time vehicular traffic
data
real time vehicular traffic
data
real time vehicular traffic
data
real time vehicular traffic
data
historical vehicular traffic
data
historical vehicular traffic
data

TH30 Occupancy-detector-realtime

TH27 Qccupancy-detector-reaIt|me-
link

TH24 Occupancy-detector-historical

TH21 O.ccup.ancy-detector-
historical-link

TH10 network-speed

TH11 network-speed-historical

TH45 speed-tomtom-realtime

TH46 speed-tomtom-historical

TH29 Speed-detector-realtime

TH23 Speed-detector-historical
SUMO network for the

TH51 Thessaloniki network

TH2S Yolume-detector-realtlme-
link

TH26 Speed-detector-realtime-link

TH27 Qccupancy-detector-realtlme-
link

TH28 Volume-detector-realtime

TH29 Speed-detector-realtime

TH30 Occupancy-detector-realtime

TH19 \(olume-detector-h|stor|ca|-
link

TH20 Speed-detector-historical-link
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WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4
WP4

WP4

WP4

WP4

WP4

WP4
WP4
WP4

WP4

WP4
WP4
WP4

WP4

Offline simulation

Offline simulation

Offline simulation

Offline simulation

Offline simulation

Offline simulation

Offline simulation

Offline simulation

Offline simulation

Offline simulation

Offline simulation
Offline simulation

Offline simulation

Offline simulation

Offline simulation

Offline simulation

Offline simulation
Offline simulation
Offline simulation

Offline simulation

Offline simulation
Offline simulation
Offline simulation

Offline simulation

Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic

Traffic

Demand
Demand

Demand
Demand
Demand

Demand

Demand
Demand
Demand

Demand

Supply
Supply
Supply

Supply

Traffic counts (historical, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)
Travel times (real-time, from
any traffic measuring system)
Travel times (historical, from
any traffic measuring system)
Speed (real-time, from any
traffic measuring system)
Speed (real-time, from any
traffic measuring system)
Speed (historical, from any
traffic measuring system)
Speed (historical, from any
traffic measuring system)
Public transport ticketing data
Public transport smart card data
Origin-Destination matrices
unimodal

Origin-Destination matrices
unimodal

Shared mobility
useage/demand data
On-demand mobility
useage/demand data

Survey data

Official statistics data

Delivery demand data (freight)

Parking data (real-time)

Public transport schedules
Public transport lines
Public transport stops

Transport network supply data

D3.1: Data requirements and inventory
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WP4_OffSM_4
WP4_OffSM_4
WP4_OffSM_4
WP4_OffSM_4
WP4_OffSM_5
WP4_OffSM_6
WP4_OffSM_7
WP4_OffSM_7
WP4_OffSM_8

WP4_OffSM_8

WP4_OffSM_9
WP4_OffSM_10

WP4_OffSM_11
WP4_OffSM_11
WP4_OffSM_12

WP4_OffSM_13

WP4_OffSM_14
WP4_OffSM_15
WP4_OffSM_16

WP4_OffSM_17

WP4_OffSM_18
WP4_OffSM_19
WP4_OffSM_20

WP4_OffSM_21

SYNCHROMODE

historical vehicular traffic
data
historical vehicular traffic
data
historical vehicular traffic
data
historical vehicular traffic
data

current trip time
historical trip time
current speed data
current speed data
Avg speed data

Avg speed data

PuT demand ticketing data
PuT demand smartcard data

OD Matrices Unimodal

OD Matrices Unimodal

Shared mobility
useage/demand data
On-demand mobility
useage/demand data
Survey data

Mode choice data
Freight demand data

historical and realtime
parking data

PuT schedule data

PuT route data

PuT designated stops
vehicle tracking data,
infrastructure capacity data

TH21 O.ccup.ancy{—detector—
historical-link
TH22 Volume-detector-historical
TH23 Speed-detector-historical
TH24 Occupancy-detector-historical
TH2 itravel-traveltimes
TH3 itravel-traveltimes-historical
TH45 speed-tomtom-realtime
TH10 network-speed
TH46 speed-tomtom-historical
TH11 network-speed-historical
OD Matrix for the city of
TH40 Thessaloniki for 2018
OD Matrix for the city of
THa1 Thessaloniki for 2025
TH58 Shared vehicles/ scotters and
bikes
TH58 Shared vehicles/ scotters and
bikes
TH61 Mode choice data
Available parking spots from
TH56 specific parking stations in the
city of Thessaloniki
TH16 public_schedules
TH14 buslinesJan2021
TH15 busstopsJan2021
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WP4

WP4

WP4
WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4
WP4

WP4

WP4

WP4

WP4

WP4
WP4
WP4
WP4

WP4

Offline simulation

Offline simulation

Offline simulation
Offline simulation

Online simulation

Online simulation

Online simulation

Online simulation

Online simulation

Online simulation

Online simulation

Online simulation

Online simulation

Online simulation
Online simulation

Online simulation

Online simulation

Online simulation

Online simulation

Online simulation
Online simulation
Online simulation

Online simulation

Online simulation

Supply

Supply

Supply
Supply

Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic

Traffic

Demand
Demand

Demand
Demand
Demand

Demand

Demand
Demand
Demand

Demand

Supply

On-demand mobility supply
data

Shared mobility supply data

Parking supply data

Freight fleet data

Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Travel times (real-time, from
any traffic measuring system)
Speed (real-time, from any
traffic measuring system)
Speed (real-time, from any
traffic measuring system)
Public transport ticketing data
Public transport smart card data
Origin-Destination matrices
unimodal

Origin-Destination matrices
unimodal

Shared mobility
useage/demand data
On-demand mobility
useage/demand data

Survey data

Official statistics data
Delivery demand data (freight)

Parking data (real-time)

Public transport schedules

D3.1: Data requirements and inventory
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WP4_OffSM_22

WP4_OffSM_23

WP4_OffSM_24
WP4_OffSM_25

WP4_OnSM_1
WP4_OnSM_1
WP4_0OnSM_1
WP4_OnSM_1
WP4_OnSM_1
WP4_OnSM_1
WP4_OnSM_2
WP4_0OnSM_3

WP4_OnSM_3

WP4_OnSM_4
WP4_OnSM_5

WP4_OnSM_6
WP4_OnSM_6
WP4_OnSM_7

WP4_OnSM_8

WP4_OnSM_9
WP4_OnSM_10
WP4_0nSM_11
WP4_OnSM_12

WP4_OnSM_13

SYNCHROMODE

On-demand mobility supply
data

Shared mobility supply data

Parking capacity data
Freight supply data

real time vehicular traffic
data

real time vehicular traffic
data

real time vehicular traffic
data

real time vehicular traffic
data

real time vehicular traffic
data

real time vehicular traffic
data

current trip time
current speed data

current speed data

PuT demand ticketing data
PuT demand smartcard data

OD Matrices Unimodal

OD Matrices Unimodal

Shared mobility
useage/demand data
On-demand mobility
useage/demand data
Survey data

Mode choice data
Freight demand data

historical and realtime
parking data

PuT schedule data

TH59 Shared vehicles/ scotters and
bikes

TH59 Shared vehicles/ scotters and
bikes

TH2S Yolume-detector-realtlme-
link

TH26 Speed-detector-realtime-link

TH27 Qccupancy-detector-realtlme-
link

TH28 Volume-detector-realtime

TH29 Speed-detector-realtime

TH30 Occupancy-detector-realtime

TH2 itravel-traveltimes

TH45 speed-tomtom-realtime

TH10 network-speed
OD Matrix for the city of

TH40 Thessaloniki for 2018
OD Matrix for the city of

THAL Thessaloniki for 2025

TH58 Shared vehicles/ scotters and
bikes

THSS Shared vehicles/ scotters and
bikes

TH61 Mode choice data
Available parking spots from

TH56 specific parking stations in the
city of Thessaloniki

TH16 public_schedules
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WP4
WP4
WP4
WP4
WP4
WP4

WP4

WP4

WP4
WP4

WP4
WP4
WP4

WP4

WP4

WP4
WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

WP4

Online simulation
Online simulation
Online simulation
Online simulation
Traffic state prediction
Traffic state prediction

Traffic state prediction
Traffic state prediction

Traffic state prediction
Traffic state prediction

Traffic state prediction
Traffic state prediction

Traffic state prediction
Traffic state prediction

Traffic state prediction

Traffic state prediction
Traffic state prediction

Traffic state prediction
Traffic state prediction
Traffic state prediction
Traffic state prediction
Traffic state prediction
Traffic state prediction
Traffic state prediction
Traffic state prediction

Traffic state prediction

Supply
Supply
Supply
Supply
Supply
Supply

Demand

Supply
Demand
Demand

Demand
Demand

Demand
Demand

Demand

Demand
Demand

Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic

Traffic

Public transport lines
Public transport stops
Parking supply data
Freight fleet data
Public transport lines
Public transport stops

Parking data (real-time)

Public transport schedules
Official statistics data

Delivery demand data (freight)
On-demand mobility
useage/demand data

Survey data
Origin-Destination matrices
unimodal

Origin-Destination matrices
unimodal

Shared mobility
useage/demand data

Public transport ticketing data
Public transport smart card data
Speed (real-time, from any
traffic measuring system)
Speed (real-time, from any
traffic measuring system)
Travel times (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)

D3.1: Data requirements and inventory
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WP4_OnSM_14
WP4_OnSM_15
WP4_OnSM_16
WP4_OnSM_17
WP4_TSP_1
WP4_TSP_2

WP4_TSP_3
WP4_TSP_4

WP4_TSP_5
WP4_TSP_6

WP4_TSP_7
WP4_TSP_8
WP4_TSP_9

WP4_TSP_9

WP4_TSP_10

WP4_TSP_11
WP4_TSP_12

WP4_TSP_13
WP4_TSP_13
WP4_TSP_14
WP4_TSP_15
WP4_TSP_15
WP4_TSP_15
WP4_TSP_15
WP4_TSP_15

WP4_TSP_15

SYNCHROMODE

PuT route data

PuT designated stops
Parking capacity data
Freight supply data
PuT route data

PuT designated stops

historical and realtime
parking data

PuT schedule data
Mode choice data
Freight demand data
On-demand mobility
useage/demand data
Survey data

OD Matrices Unimodal

OD Matrices Unimodal

Shared mobility
useage/demand data

PuT demand ticketing data
PuT demand smartcard data

current speed data
current speed data

current trip time

real time vehicular traffic
data
real time vehicular traffic
data
real time vehicular traffic
data
real time vehicular traffic
data
real time vehicular traffic
data
real time vehicular traffic
data

TH14
TH15

TH14

TH15

TH56

TH16
TH61

TH58

TH40

TH41

TH58

TH45

TH10

TH2

TH25

TH26

TH27

TH28

TH29

TH30

buslinesJan2021
busstopsJan2021

buslinesJan2021
busstopsJan2021

Available parking spots from
specific parking stations in the
city of Thessaloniki
public_schedules

Mode choice data

Shared vehicles/ scotters and
bikes

OD Matrix for the city of
Thessaloniki for 2018

OD Matrix for the city of
Thessaloniki for 2025

Shared vehicles/ scotters and
bikes

speed-tomtom-realtime
network-speed

itravel-traveltimes

Volume-detector-realtime-
link

Speed-detector-realtime-link

Occupancy-detector-realtime-
link

Volume-detector-realtime
Speed-detector-realtime

Occupancy-detector-realtime
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WP4

WP4

WP4
WP4

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

Traffic state prediction

Traffic state prediction

Traffic state prediction
Traffic state prediction
Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Supply

Supply

Supply
Supply

Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic
Traffic

Traffic

Transport network supply data

On-demand mobility supply
data

Parking supply data

Freight fleet data

Traffic counts (historical, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)
Traffic counts (historical, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Traffic counts (real-time, from
any traffic measuring system)
Travel times (historical, from
any traffic measuring system)
Travel times (real-time, from
any traffic measuring system)
Travel times (historical, from
any traffic measuring system)
Travel times (real-time, from
any traffic measuring system)
Travel times (historical, from
any traffic measuring system)
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WP4_TSP_16

WP4_TSP_17

WP4_TSP_18
WP4_TSP_19

WP5_ARI_1
WP5_ARI_1
WP5_ARI_1
WP5_ARI_1
WP5_ARI_1
WP5_ARI_1
WP5_ARI_2
WP5_ARI_2
WP5_ARI_2
WP5_ARI_2
WP5_ARI_2
WP5_ARI_2
WP5_ARI_3
WP5_ARI_4
WP5_ARI_3
WP5_ARI_4

WP5_ARI_3
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vehicle tracking data,
infrastructure capacity data
On-demand mobility supply
data

Parking capacity data
Freight supply data

Traffic counts historical
Traffic counts historical
Traffic counts historical
Traffic counts historical
Traffic counts historical
Traffic counts historical
Traffic counts real-time
Traffic counts real-time
Traffic counts real-time
Traffic counts real-time
Traffic counts real-time
Traffic counts real-time
Travel times historical

Travel times real-time

Travel times historical

Travel times real-time

Travel times historical

TH59 Shared vehicles/ scotters and
bikes

TH19 Yolume-detector-h|stor|ca|—
link

TH20 Speed-detector-historical-link

TH21 O.ccupancy-detector-
historical-link

TH22 Volume-detector-historical

TH23 Speed-detector-historical

TH24 Occupancy-detector-historical

TH2S \(olume—detector—reaI—tlme—
link

TH26 Speed-detector-realtime-link

TH27 (?ccupa ncy-detector-realtime-
link

TH28 Volume-detector-realtime

TH29 Speed-detector-realtime

TH30 Occupancy-detector-realtime

TH9 fcd-traveltimes-historical

TH8 fcd-traveltimes

TH47 traveltimes-tomtom-historical

TH48 traveltimes-tomtom-realtime

TH3 itravel-traveltimes-historical
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WP5

WP5

WP5

WP5

WP5

WP5

WP5

WP5

Automatic recommendation
of Interventions
Automatic recommendation
of Interventions
Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions

Automatic recommendation
of Interventions
Automatic recommendation
of Interventions
Automatic recommendation
of Interventions
Automatic recommendation
of Interventions

Traffic
Supply

Other

Traffic

Traffic

Traffic
Traffic
Traffic

Traffic

Travel times (real-time, from
any traffic measuring system)

Transport network supply data

Transport model

Traffic management plans, incl.
triggers, targets & actions (real-
time)

Traffic management plans, incl.
triggers, targets & actions
(library)

Speed (historical, from any
traffic measuring system)
Speed (real-time, from any
traffic measuring system)
Speed (historical, from any
traffic measuring system)
Speed (real-time, from any
traffic measuring system)
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WP5_ARI_4
WP5_ARI_5

WP5_ARI_6

WP5_ARI_7

WP5_ARI_8

WP5_ARI_3
WP5_ARI_4
WP5_ARI_3

WP5_ARI_4
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Travel times real-time
Transport network data
Transport model

Traffic Management Plans
real-time

Traffic Management Plans
historical

Speed historical
Speed real-time
Speed historical

Speed real-time

TH2 itravel-traveltimes

TH53 Thessaloniki network
SUMO network for the

TH51 Thessaloniki network

TH38 Trafle Management Plans
real-time

TH39 Trafflc. Management Plans
historical

TH45 speed-tomtom-historical

TH46 speed-tomtom-realtime

TH11 network-speed-historical

TH10 network-speed
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3 Identification of requirements for data
collection and storage

3.1 Approach

As part of the work done in WP3, requirements are gathered for data collection and storage to
facilitate data sharing, analysis and reusability. A short desk research was conducted to identify
availability and approaches regarding the identification of requirements for data collection and
storage. Several websites, papers and documents were scanned to gather content to identify
requirements for this topic, unfortunately, there is little content to be found. A few general quotes
are described in the next paragraph. Based on many years of experience on the topic, MAPtm
created a set of requirements. This experience comes from using functional requirements in
guotations and realisation of traffic-related projects like sensor networks for the National Access
Point or regional parties (road authorities). This contains DB(F)M(O), (Design, Build, (Finance) &
Maintain (& Operate), contracts for large-scale infrastructure projects, as well as supporting road
authorities in setting up (functional) quotations for traffic and traffic management related
guotations. Due to the publicly available standard: the reference used is the BSTTI (Basic
specification of Tunnel Technical Installations) of the “Landelijke tunnel Standaard”(Waterstaat,
n.d.) for the “Koning Willem Alexandertunnel” and A9 Gaasperdammertunnel part of the
“A1/A6/A9/A10 Schiphol-Amsterdam-Almere (SAA)”.

The basis of a list of requirements is to create a categorisation that suits the purpose of the set of
requirements. Nine common categorisations were found (How to Categorize Customer
Requirements). For this requirements determination, the functional and non-functional
requirements classification as depicted in Table 8 is followed. For each requirement, the importance
level is classified from must-have to nice to have.

Table 8: Requirements classification

Functional requirements Non-functional requirements Classification

General Performance Must have
Organizational Quality Should have
Legal Constraint Could have
Technical Nice to have

One of the main challenges of the emerging loT (Internet of Things) is that more data becomes
available, which is certainly also applicable to the world of mobility. (Padgavankar & Gupta, 2014),
address the challenges for the identified four phases (generation, acquisition, storage and analysis)
of the value chain handling big data the challenges and opportunities. These challenges of big data
were identified:
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e Data representation: the reflection of data structure, class and type (metadata) next to
integrated technologies enabling efficient operations (storage methods).

e Redundancy reduction and data compression: Generally, there is a high level of redundancy.
This can be filtered and compressed.

e Data life cycle management: Analysis of the freshness of data and what and on which level
of detail data will be stored.

e Analytical mechanism: An optimisation between relational and non-relational data storage.

e Data confidentiality: When externally processed, extra security must be in place to ensure
confidentiality.

e Energy management: Big data will consume more and more energy. Power consumption
control should be established.

e Expendability and scalability: The support of present and future datasets.

e Cooperation: Interdisciplinary cooperation from different fields of expertise is needed to
harvest the potential of big data.

The challenges can be taken into account when developing requirements and also as a background
focus when adapting to the requirements.

Pendell (2022), offers insight into the organization and documentation for data collection projects,
starting with a consistent organization scheme. With descriptive metadata, the goal is to make data
findable, accessible, interoperable and reusable, meaning FAIR-data. These four requirements are
added to the requirements list for SYNCHROMODE (S-027-S-030).

The OpenText (2020), identifies seven critical requirements for collection software to address the
new world of data:

1. Comprehensiveness: Used software must be able to collect data from all relevant sources.

2. Speed and efficiency: Used software must use advanced search filtering to cull data at the
point of collection and automatically deduplicate and deNIST data sets to limit the size of
collections.

3. Ease of use and insight: Modern data collection software should crawl multiple target
sources in parallel to expedite collection time and enable frequently used criteria to be
templated and automated.

4. Unobtrusive operation: Data collection should run quietly in the background.

5. Failsafe measures: Data collection solutions should maintain logs of their successful
processes and automatically reattempt any collection that fails.

6. Defensible process and results: collection must not alter metadata; process and the results
must be defensible and forensically sound.

7. Easily transferable outputs: data must be collected in an industry-standard format that can
be readily ported.

The first four requirements are more related to the used software. Requirements 5, 6 and 7 do fit
the purpose of SYNCHROMODE requirements and added to the requirements list. (S-031-S-033)
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In (How do you define data collection requirements for stakeholders?), six steps are identified for a
comprehensive way for data collection requirements for stakeholders, as well as what methods and
tools can be used to collect data efficiently and effectively. For our purpose, step five is of interest
where data quality and metrics are addressed. Data collection should be done by defining data
guality metrics including feedback to measure performance, efficiency and effectiveness. In this way
the usage of a dataset can be followed during its lifetime and evaluated on effectiveness of use,
making it possible to identify datasets that are no longer valid for the envisaged purpose at the start
of data collection. This requirement is included in our list of requirements for SYNCHROMODE (S-
034).

Based on limited available information and mainly based on gathered knowledge from field
experience, 34 requirements are gathered for the SYNCHROMODE Toolbox for data collection and
storage. The first 26 are formulated based on experience and supplemented by the aforementioned.
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3.2 Requirements

The identified requirements for data collection and storage are summarized in Table 9.

Table 9: Requirements for data collection and storage

“ Category Short Text Classification | Weight By Requirement text Explanation

$-001

S-002

S-003

S-004

S-005

S-006

S-007

S-008

S-009

S-010

S-011

S-012

General

General

General

General

Organizational

Organizational

Technical

Technical

Technical
Organizational

Organizational

Technical

Datasets to be shared amongst partners must
) Ease of. Must have High MAPtm be easy to mter.pret regarding the sourc‘e,
interpretation relevance, resolution, and temporal and spatial
characteristics.
Description of Must have High MAPtm Datasets to be shared must have a description
content of the content.
Description of . Datasets to be shared must have a description
Fields Must have High MAPtm of fields available in the dataset.
Ease of Datasets made available for partners should be
. Should have High MAPtm easy to access with accompany of a description
operation
of usage.
Traceability Should have High MAPtm The usage of datasets should be logged in a
traceable manner.
Usage of When datasets are used within the For instance. separation of datasets for
datasets . SYNCHROMODE project/Toolbox a description . _ 2
Should have High MAPtm . (machine) learning and datasets used for
of the function of the usage must be created on L
. prediction as a result of the process.
an easy to trace location.
Type of datasets Should have High MAPtm -(I:-zfreZI’:\)/e of a dataset must be described Like API, CSV, push pull.
Category of . For a shared dataset it should be clear what .
dataset Should have High MAPtm kind of data it is about. Demand, supply, count, speed, travel time.
Temporal Should have High MAPtm The temporal coverage and sample size of 3 Historical, real-time/minutes, hours etc.
coverage dataset must be described.
Creation of Should have High MAPtm The c.reatlon date ar?d the period the data
datasets describes must be available.
Source of Should have High MAPtm The source of a dataset must be described.
datasets
Status of . In the description of a dataset the status of In the .descrlpt|0|.1 it should be. clear if the
Should have High MAPtm . data is Raw, interpreted, interpolated,
datasets alteration must be clear. . .
estimated, calibrated, etc.
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S-013

S-014

$-015

S-016

S-017

S-018

S-019

S-020

S-021

S-022

$-023

S-024

Technical

Organizational
Organizational
Organizational

Legal

Performance

Quality

Quality

Quality

Performance

Performance

Performance

Mathematic
value of
datasets

Provider
Owner
License of use

GDPR compliant

Process speed

Data quality

Completeness

Location
reference

Data retrieval
real-time

Data retrieval
historical

Calculation
retrieval real-
time

Should have

Could have

Should have

Should have

Must have

Should have

Must have

Must have

Should have

Should have

Could Have

Should have

High

Medium
High
High

High

Medium

High

Medium

Medium

High

Medium

High

MAPtm

MAPtm

MAPtm

MAPtm

MAPtm

MAPtm

MAPtm

MAPtm

MAPtm

MAPtm

MAPtm

MAPtm
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The mathematic value of fields in a dataset
bust be described (average, mean, max,
harmonized).

The provider of the dataset should be
registered as metadata

The owner of the dataset should be registered
as metadata

The licensing of a dataset must be registered as
metadata

The usage of datasets must be GDPR
compliant.

For real time data the processing time should
be lower than the resolution of the data.

The quality of the data must be available in the
metadata of the dataset.

The completeness of the data should be
traceable, which data is missing should be
transparent.

Location reference should be precise and up to
date using standardized reference method(s).

Available data collected within the last month
+ one day, should be available with a response
time of maximum of 10000 milliseconds for a
straightforward query.

Available data collected within the last year
should be available with a response time of
maximum of 5 minutes for a straightforward
query.

Available calculated data collected within the
last month (+) one day should be available with
a response time of maximum of 10000
milliseconds for a straightforward query.

Public domain, Creative commons etc.

For instance, usage of license plates should
be hashed to ensure GDPR.

If real time data resolution is one minute the
processing time should by lower than one
minute.

For instance, traffic counts have a 95%
accuracy per vehicle class.

For instance, the use of -1 value to identify a
missing period in a time range.

The specified response time is an average
upper limit for straightforward queries on
data collected. However, actual response
times may vary depending on the
characteristics of the data, such as its time
frequency or resolution.

The specified response time is an average
upper limit for straightforward queries on
data collected. However, actual response
times may vary depending on the
characteristics of the data, such as its time
frequency or resolution.

The specified response time is an average
upper limit for straightforward queries on
data collected. However, actual response
times may vary depending on the
characteristics of the data, such as its time
frequency or resolution.
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$-025

S-026

S-027

S-028

S-029

S-030

S-031

S-032

$-033

S-034

Performance

Technical

Constraint

Technical

Constraint

Constraint

Quality

Quality

Technical

Quality

Calculation
retrieval
historical

Way of data
collection

Findable

Accessible

Interoperable

Reusable

Failsafe
measures

Defensible
process and
results
Easily
transferable
outputs

Data quality
metrics

Could Have

Must have

Should have

Should have

Should have

Should have

Should have

Must have

Could have

Should have

Medium

High

Medium

Medium

Medium

Medium

Medium

High

Medium

Medium

MAPtm

MAPtm

(Pendell, 2022)

(Pendell, 2022)

(Pendell, 2022)

(Pendell, 2022)

(OpenText, 2020)

(OpenText, 2020)

(OpenText, 2020)

(How do you
define data
collection
requirements for
stakeholders?)
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Available calculated data collected within the
last year should be available with a response
time of maximum of 5 minutes for a
straightforward query.

Description of the way data is collected, kind of
instruments/methods used, due to determine
bias of dataset.

Data must have unique identifiers, effectively
labeling it within searchable resources.

Data must be easily retrievable via open
systems and effective and  secure
authentication and authorization procedures.
Data should “use and speak the same
language” via use of standardized vocabularies.
Data must be adequately described to a new
user, have clear information about data-usage
licenses, and have a traceable “owner’s
manual,” or provenance (NIH, 2018, p.6).

Data collection solutions should maintain logs
of their successful processes and automatically
reattempt any collection that fails.

Data collection must not alter metadata,
process and the results must be defensible and
forensically sound.

Data must be collected in an industry-standard
format that can be readily ported.

Data collection sets should be accompanied
with data quality metrics including feedback to
measure  performance, efficiency and
effectiveness.

The specified response time is an average
upper limit for straightforward queries on
data collected. However, actual response
times may vary depending on the
characteristics of the data, such as its time
frequency or resolution.

For instance, OD-matrix or travel times based
on LPR-cameras or FCD.

In this way the usage of dataset can be
followed during their lifetime and evaluated
on effectiveness of use and can indicate also
datasets that are no longer valid for the
envisaged purpose at the start of data
collection
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4 Data quality assessment methodology

The scope of this chapter is the presentation and the detailed explanation of the available data
quality categories and specifically, those that are fully related to the evaluation of the traffic data in
terms of quality. Moreover, under this chapter, a presentation of the formulas associated with the
most relevant data quality categories and indicators will be made, as well as the foundations of the
data quality methodology that will be followed in the SYNCHROMODE project.

4.1 Data quality definition

To commence the exploration, a clear definition of data quality is imperative. Drawing from existing
literature, two closely aligned definitions emerge. Strong et al., (1997) describe information quality
as being “fit for use by an information consumer”, a definition further refined by English, (1999),
who characterizes information quality as the “fitness for all purposes in the enterprise processes
that require it”.

These definitions underscore the relative nature of data quality, wherein the acceptability of a
dataset can vary among consumers. A dataset deemed acceptable by one consumer may fall short
of the standards set by another with more stringent requirements and expectations (Batini et al.,
2009a). Consequently, it becomes crucial to delineate the specific use cases and purposes for each
available dataset, defining a minimum acceptable quality level before engaging in measurements or
prescribing data quality standards.

Building upon this foundation, the definition for traffic data quality, as proposed by Batini et al.,
(2009), adds depth to the understanding. According to Batini et al., “Data quality is the fitness of
data for all purposes that require it. Measuring data quality requires an understanding of all
intended purposes for that data”.

This definition encapsulates the essence of data quality in the context of traffic data, emphasizing
the need for alignment with diverse purposes. It sets the stage for the methodology, which will
consider the multifaceted nature of traffic and network management, accommodating various data
requirements for different objectives.

4.2 Traffic data quality dimensions

After establishing the foundational definitions of both general data quality and traffic data quality,
the next crucial step involves identifying and defining the dimensions of data quality measurements.
This step is integral to the overarching framework of the SYNCHROMODE Toolbox development,
contributing significantly to the project's completion and diversification. Recognizing the
dimensions of data quality is pivotal, offering various benefits such as instilling confidence and
efficacy in decisions derived from the analysis and use of data.
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Within the landscape of data quality literature, a comprehensive classification of data quality
dimensions is available. Nevertheless, discrepancies in definitions persist due to the contextual
nature of quality. Notable classifications by Wand & Wang (1996), , and Naumann (2002) provide
six key categories of quality dimensions. An analysis of these classifications reveals a fundamental
set of data quality dimensions, including accuracy, completeness, consistency, and timeliness. These
dimensions have been emphasized by numerous authors, such as Scannapieco & Catarci (2002), and
their validity has been confirmed by (Feiqe et al., 2004).

For traffic data specifically, six essential measures are recommended, encompassing accuracy,
completeness (availability), validity, timeliness, coverage, and accessibility (usability). The literature
presents diverse definitions for each of these traffic data quality dimensions. The following table
presents different definitions for each of the six identified measures.

Table 10: Different definitions of traffic data quality dimensions

Traffic Data

Quality Definitions
Dimensions

The measure or degree of agreement between a data value or set of values and a source
assumed to be correct. It is also defined as a qualitative assessment of freedom from error, with
a high assessment corresponding to a small error (Feige et al., 2004).

Data are accurate when data values stored in the database correspond to real-world values
(Ballou & Pazer, 1985; Batini et al., 2009a).

A . . . -
ceuracy The extent to which data is correct, reliable and certified (Wang & Strong, 1996).

Accuracy is a measure of the proximity of a data value (v), to some other value (V’), that is
considered correct (Batini et al., 2009a; Redman, 1997).

A measure of the correction of the data (which requires an authoritative source of reference to
be identified and accessible (McGilvray, 2021).

The degree to which data values are present in the attributes (e.g., volume and speed are
attributes of traffic) that require them. Completeness is typically described in terms of
percentages or number of data values. Completeness can refer to both the temporal and spatial
aspect of data quality, in the sense that completeness measures how much data is available
compared to how much data should be available (Feige et al., 2004).

The ability of an information system to represent every meaningful state of the represented real
world system (Batini et al., 2009b; Wand & Wang, 1996).

(STl S L The extent to which data are of sufficient breadth, depth, and scope for the task at hand (Wang

(availability) | ¢ o 0ne 1996).
The degree to which values are present in a data collection (Batini et al., 2009b; Redman, 1997).
Percentage of the real-world information entered in the sources and/or the data warehouse
(Batini et al., 2009b; Jarke et al., 2002).
Information having all required parts of an entity’s information present (Batini et al., 2009b;
Bovee et al., 2003).
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Ration between the number of non-null values in a source and the size of the universal relation
(Batini et al., 2009b; Naumann, 2002).

All values that are supposed to be collected as per a collection theory (Batini et al., 2009b; Liu &
Chi, 2002).

The degree to which data values are present in the attributes (e.g., volume and speed are
attributes of traffic) that require them. Completeness is typically described in terms of
Validity percentages or number of data values. Completeness can refer to both the temporal and spatial
aspect of data quality, in the sense that completeness measures how much data is available
compared to how much data should be available (Feige et al., 2004).

The degree to which data values or a set of values are provided at the time required or specified.
Timeliness can be expressed in absolute or relative terms (Feige et al., 2004).

The extent to which age of the data is appropriated for the task at hand (Wang & Strong, 1996).

Timeliness Timeliness refers only to the delay between a change of a real-world state and the resulting
modification of the information system rate (Batini et al., 2009b; Wand & Wang, 1996).

Timeliness has two components: age and volatility. Age or currency is a measure oh how old the
information is, based on how long age it was recorded. Volatility is a measure of information
instability the frequency of change of the value for an entity attribute (Batini et al., 2009b; Bovee
et al., 2003).

The degree to which data values in a sample accurately represent the whole of that which is to
be measured. As with other measures, coverage can be expressed in absolute or relative units
Feige et al., 2004).

Coverage (Feiq )

A measure of the availability and comprehensiveness of data compared to the total data
universe or population of interest (McGilvray, 2021).

The relative ease with which data can be retrieved and manipulated by data consumers to meet

Freesiatig their needs. Accessibility can be expressed in qualitative or quantitative term (Feige et al., 2004).

Extent to which information is available, or easily and quickly retrievable (Wang & Strong, 1996).

4.3 Traffic data quality measures

Having identified several definitions for each of the six essential traffic data quality dimensions,
based on the literature, the following section will present and explain the formulas for each of these
dimensions as well as the definition under the SYNCHROMODE project.

4.3.1 Accuracy

Accuracy is the measure or degree by which a data value or set of values corresponds to a presumed
correct source. To assess data accuracy, three commonly used measures are frequently employed:
1. Mean absolute percent error (MAPE) (Equation 1)

2. Signed percent error (Equation 2)
3. Root mean squared error (RMSE) (Equation 3)
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MAPE (%) = (1) v ( ?:1 Xi—Xreference

n

) (Equation 1),

Xreference

Signed Error (%) = (%) X (Z?=1M) (Equation 2),

Xreference

1 2 .
RMSE = \/(;) X ( ?zl(xi — xreference) ) (Equation 3),
Where: X; = the observed data value
Xreference = the reference value
n = the total number of observed data values

Note that in each of these error formulations, the error is the difference between the observed
value(s) and the reference (i.e., ground truth) value, and percent error is the error divided by the
reference value.

For the evaluation of traffic data accuracy, two datasets should be defined:
e Ground Truth Dataset: This dataset will serve as the reference or benchmark.
e Observed Dataset: This dataset will be the one for which the accuracy will be calculated
against the ground truth.

The mean absolute percent error (MAPE) and signed error are both presented in percentage terms,
allowing for comparisons of relative accuracy across various attributes such as traffic volume count
and speed measurement accuracy. Unlike MAPE, which relies on absolute error values, the signed
error formulation can indicate whether there is a consistent bias in measurements. Root mean
squared error (RMSE) is a commonly accessible error formulation found in many statistical software
applications.

4.3.2 Completeness

Completeness data quality dimension expresses the degree to which the number of retrieved values
from a specific measurement system is equal to the number of the expected values. This data quality
dimension can be quantified as a percentage (Equation 4), where the equation represents the
proportion of available data values relative to the total expected data values.

Percent Complete (%) = %mh‘;s x 100 (Equation 4),
total expecte

Where: Nyyqitabie values =the number of records or rows with available values present
Ntotal expected = the total number of records or rows expected

The expected number of data records can vary depending on factors such as the application and the
system used to retrieve the data, as well as its resolution. The percent completeness metric
encompasses all “values present”, whether they are valid or invalid. However, if a process removes
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invalid data from the dataset instead of flagging and storing them, these removed values won't
contribute to the completeness statistic as they're no longer considered “present”.Following this
approach, an updated completeness metric, named Valid Percent Complete (%), should be defined
and computed.

4.3.3 Validity

Validity data quality dimension expresses the degree to which data values from a specific dataset
satisfy acceptance requirements of the validation criteria or fall within the respective domain of
acceptable values. This metric can be expressed as the percentage of data passing validity criteria
(Equation 5).

Percent Valid (%) = Z"“ﬂ x 100 (Equation 5),
total
Where: nyqiq = the number of records or rows with values meeting validity criteria
n = the total number of records or rows subjected to validity criteria
total

Validity criteria, also known as business rules or validation checks, are established within numerous
data management applications and can vary from a single straightforward rule to multiple layers of
intricate regulations. A basic rule might stipulate that traffic volume counts must not surpass a
specified maximum value linked to road capacity (e.g., 2,600 vehicles per hour per lane) or that
traffic speeds must not exceed a reasonable threshold (e.g., 100 km/h). Additional validity criteria
for traffic data might encompass the following:
e Examining multiple data elements (such as volume, occupancy, and speed) to detect
inconsistencies among traffic data values.
e Comparing traffic data with historical averages or trends from previous periods (e.g., days,
months, or years).
e Contrasting traffic data with similar nearby locations (upstream or downstream) to ensure
the continuity of traffic flow.
e Analysing traffic data across consecutive time periods to identify rapid fluctuations.

In addition to defining validity criteria, it's essential to incorporate a mechanism within the datasets
under assessment to effectively flag values as either valid or invalid. This necessitates the inclusion
of an extra column dedicated to this purpose during the design phase of the respective databases.
This additional column serves as a tool to mark data points based on the established validity criteria.
By implementing this flagging system, it becomes feasible to swiftly identify and differentiate
between valid and invalid data values, facilitating more accurate analyses and decision-making
processes. Furthermore, such a column enhances transparency and traceability within the dataset,
ensuring that data quality assessments are conducted with high precision.

4.3.4 Timeliness

The timeliness data quality dimension defines the degree to which the data values or a set of values
are received at the expected/specified time. This metric can be expressed with the following two
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measures (Equation 6 and 7). The measure named Percent Timely Data can be applied to both
device-to-TMC communications and for TMC-to-end user applications.

Percent Timely Data (%) = w x 100 (Equation 6),
total
Where:
Non—time = the number of data messages or packets received within acceptable time limits
Neotal = the total number of data messages or packets received
1 .
Average Delay for Late Data = (n—) X (Z(tiare) — (texpectea)) (Equation 7),
late
Where:
Nyate = the number of data messages or packets received outside acceptable time limits
tiate = the actual arrival time of a late data message or packet
texpected = the expected arrival time of a late data message or packet

4.3.5 Coverage

Coverage data quality dimension expresses the degree of those data values in a sample that can
accurately represent the whole of that which is to be measured. Practically, this metric can be
defined as the percent of roadways (network links or areas of the network) for which specific traffic
data are available. Moreover, for different functional classes of roadway separate coverage
statistics should be calculated. The possible formulas that can be utilized in order to calculate the
coverage of a dataset are the following two (Equation 8 and 9).

Number of relevant links covered by data

Network Coverage (%) = x 100 (Equation 8),

Total number of relevant links

Number of relevant areas covered by data

Area Coverage (%) = x 100 (Equation 9),

Total number of relevant areas

4.3.6 Accessibility

The term accessibility refers to the ease with which data can be accessed and manipulated by a data
consumer or system to fulfil their requirements. This metric can be expressed both qualitatively and
guantitatively. In the context of the SYNCHROMODE project, the accessibility data quality dimension
will be examined from a quantitative perspective. Accordingly, this metric is defined as the average
time required for data consumers or systems to execute specific data retrieval or manipulation
tasks. It's crucial to note that this metric should be evaluated under realistic conditions, reflecting
typical system usage scenarios.

This indicator can be used to measure the average response time of connected systems to the
SYNCHROMODE Toolbox, as well as the response time of the SYNCHROMODE Toolbox's databases.
Therefore, there is no need to define a specific traffic data quality formula to measure this data
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guality dimension. The accessibility of the system will be measured during the assessment phase of
the SYNCHROMODE Toolbox, and the acceptable thresholds will be defined under Task 6.4
“Assessment of testing results,” specifically in deliverable “D6.7: Impact assessment results”.

4.4 Traffic data quality assessment methodology

Having identified the most essential and critical data quality dimensions, as well as the measures
through which the assessment of traffic data under the SYNCHROMODE project will be made, it is
crucial to define the assessment methodology. This methodology will integrate all these data quality
dimensions into a common framework to achieve comprehensive evaluation. This chapter
delineates the detailed processes and specific steps involved in this assessment, providing a
comprehensive guide to understanding and implementing the methodology within the project.

As already described, the most essential data quality dimensions for assessing the quality of traffic
data are accuracy, completeness, validity, timeliness, coverage, and accessibility. The following
diagram presents the order of the data quality dimensions that will be implemented to assess each

traffic dataset.
[ [\

“ RawData“ ‘

Real-time

v

Data quality
assessment

Completeness &
Coverage
>
Validity
e threshold

Non Acceptance. Imputation of missing and
P! > P! g
threshold erroneous data

Modules

Accuracy
Timeliness

Accessibility

Figure 1: SYNCHROMODE’s data quality assessment methodology

This workflow figure presents the steps under which a traffic dataset will be assessed. Additionally,
there is also the ability to assess a traffic dataset with a subset of the already identified data quality
dimensions. In that case, the general order of the assessment methodology remains the same but
uses only those dimensions that have been selected.

As depicted in the figure above, the first step of the data quality assessment methodology involves
the evaluation of a dataset in terms of completeness and, afterward or in parallel, in terms of
coverage. After that, the dataset is evaluated based on the defined coverage thresholds, where the
second step of the data quality assessment methodology is employed. The third step involves the
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evaluation of a dataset through the validity dimension. Specific validity criteria for each type of
dataset will be defined and used for the evaluation. Information regarding the validity criteria
defined for each type of dataset is provided later in this deliverable.

The fourth step relates to the assessment of a dataset in terms of timeliness. Finally, once the
dataset has met and passed all the thresholds set for the previously assessed data quality
dimensions, it is assessed in terms of accuracy. For this step of the data quality assessment
methodology, the assessed dataset is compared to another dataset which serves as the reference
or the ground truth.

By following these detailed steps, the project ensures that all aspects of traffic data quality are
comprehensively assessed, leading to reliable and high-quality data for traffic management and
network optimization. Additionally, datasets or parts of a dataset that fail to pass completeness,
validity, or accuracy criteria will undergo a process named “Imputation of Missing and Erroneous
Data.” Through this process, various methodologies will be utilized to complete the dataset, correct
erroneous and invalid data, or increase its accuracy.

4.5 Traffic data to be assessed

The scope of this section is to define those datasets that will undergo data quality assessment within
the project’s framework. Specifically, a detailed list of the traffic-related datasets per Case Study
will be presented as well as a mapping of each dataset to the data quality dimensions that will be
employed for their quality assessment. Additionally, for the data quality dimensions of accuracy,
completeness, validity, timeliness, and coverage, the necessary information for the quality
assessment will be defined for each dataset falling into these dimensions.

To begin, the following table (Table 11) lists all datasets related to the Madrid CS and maps each
dataset to the data quality dimensions will be used for their quality assessment.

Table 11: Dataset related to Madrid Case Study for quality assessment.

Dataset
Identifier

Dataset Description

Accuracy
Completeness
Validity
Timeliness
Coverage

Land-use information of each Autonomous Community of
MA2 Spain. This information includes the geometry of each N v
land use type

INE is the Spanish National Statistical Office. It provides
demographic information for Spain at a high level of

MA3
detail. In particular, the data considered to be useful is VI v
the Spanish Census, where population data,
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MA7

MAS8

MA9

MA11

MA12
MA13

MA14
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characterized by age group and gender is available at
census tract level

Information of goods travel demand. Including main
delivery stops and delivery itineraries.

Location data of the Cercanias train and Metro stations,
and intercity bus interchanges of the Community of
Madrid

Data obtained from surveys conducted to residents in
Spain about the use of e-commerce for private reasons
characterized by age group, gender, income level,
household structure, etc.

Line route, vehicles and timetables for the different
public transport systems in Madrid (metro, cercanias, city
and intercity buses, ...)

The Mobility Household Survey is carried out by the
Regional Transport Authority and analyses the Madrid
residents’ daily trips on a working day. It is based on
85,000 personal and telephone interviews carried out
between February and May 2018

Meteorological data produced by official weather
stations distributed all over Spain (800 weather stations).
These data are provided in real-time basis through a REST
webservice. A Python script collects the updates of the
data hourly and gathers it in sorted files, producing one
JSON file per day. The files contain one single line per
hourly record of each station along the day

Hourly traffic counts from road detectors that are used to
calibrate/validate the Aimsun model. Note that the
Madrid network model is property of Madrid City Council
and Aimsun has to get permission to use the model in
SYNCHROMODE.

Hourly average speed on the M30 ring road

Shapefile with some set of relevant identified logistic
consolidation centers in Madrid Region (points).

Dataset containing information on trips made by shared
mobility vehicles in the city of Madrid: origin and
destination coordinates and timestamps, etc.

v
VAN 4 v
v
vV
VAN N V4
V|V v
vV v
V|V v
v
v

Following the Madrid CS, the next table (Table 12) provides a comprehensive list of traffic-related
datasets for the Thessaloniki CS. Each dataset is mapped to the relevant data quality dimensions
that will be employed for their quality assessment.
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Table 12: Dataset related to Thessaloniki Case Study for quality assessment.

Dataset
Name

Dataset Description

Validity
Coverage

Accuracy
Completeness
Timeliness

TH2 Real-time travel times for selected paths in Thessaloniki A,
produced using detections from Bluetooth devices.
Historical travel times for selected paths in Thessaloniki
TH3 produced using detections from Bluetooth devices| v | V
(historical dataset).
TH4 Predefined paths between the Bluetooth devices. v
TH5 Bluetooth devices characteristics. v
THS Real-time' 'travel time§ for predefined paths in YA,
Thessaloniki produced using FCD.
TH9 Historical travel times for predefined paths in Thessaloniki YA,
produced using FCD (historical dataset).
TH10 Beal-time speeds on OpenStreetMap (OSM) network YA, Y
links.
TH11 Historical speeds on OpenStreetMap (OSM) network YA, Y
links.
Real-time traffic conditions on OpenStreetMap (OSM)
TH12 . N
network links.
TH13 The current public bus lines for the city of Thessaloniki. v
TH14 The current public bus stops for the city of Thessaloniki. V4
TH16 Real-time estimated time of arrival (ETA) from public Y
transport.
Flow retrieved from traffic count systems before specific
TH18 intersections across the city of Thessaloniki (per road-link, v |V
historical dataset).
Speed retrieved from traffic count systems before specific
TH19 intersections across the city of Thessaloniki (per road-link, | v | vV | V
historical dataset).
Occupancy retrieved from traffic count systems before
TH20 specific intersections across the city of Thessaloniki (per v |V
road-link, historical dataset).
Flow retrieved from traffic count systems before specific
TH21 intersections across the city of Thessaloniki (per detector, v |V
historical dataset).
Speed retrieved from traffic count systems before specific
TH22 intersections across the city of Thessaloniki (per detector, | v | vV | V
historical dataset).
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TH23

TH24

TH25

TH26

TH27

TH28

TH29

THA40

THA1

THA42

THA43

TH44
THA45
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Occupancy retrieved from traffic count systems before
specific intersections across the city of Thessaloniki (per
detector, historical dataset).

Flow retrieved from traffic count systems before specific
intersections across the city of Thessaloniki (per road-link,
real-time).

Speed retrieved from traffic count systems before specific
intersections across the city of Thessaloniki (per road-link,
real-time).

Occupancy retrieved from traffic count systems before
specific intersections across the city of Thessaloniki (per
road-link, real-time).

Flow retrieved from traffic count systems before specific
intersections across the city of Thessaloniki (per detector,
real-time).

Speed retrieved from traffic count systems before specific
intersections across the city of Thessaloniki (per detector,
real-time).

Occupancy retrieved from traffic count systems before
specific intersections across the city of Thessaloniki (per
detector, real-time).

Speed in Thessaloniki produced using TomTom FCD (real-
time).

Speed in Thessaloniki produced using TomTom FCD
(historical dataset)

Travel times in Thessaloniki, Greece produced using
TomTom FCD (real-time).

Travel times in Thessaloniki, Greece produced using
TomTom FCD (historical dataset).

Delay, queue, volume, turn ratios(real-time).

Delay, queue, volume, turn ratios (historical dataset).

v
v

L GRS

v v
v v
v v

Finally, the subsequent table (Table 13) presents a detailed list of traffic-related datasets for the
South Holland CS. Each dataset is mapped to the corresponding data quality dimensions will be used
for their quality assessment.
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Dataset
Name

SH1
SH2
SH3

SH4
SH5
SH6
SH7
SH8
SH9
SH10
SH11
SH12
SH13
SH14

SH15

SH16

SH17
SH19
SH20
SH23
SH24

SH25

SH26
SH29
SH30
SH34

SH36

&
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Table 13: Dataset related to South Holland Case Study for quality assessment.

Dataset Description

Traffic information major roads, traffic counts (real-
time).

Traffic information major roads, speed (real-time).
Traffic information major roads, travel times (real-
time).

Variable Message Signs (real-time).

Parking data (real-time).

Bridge opening (real- time).

Road works (planned — real time).

Traffic information major roads, incidents (real-time).
Traffic information major roads, MSI (real-time).
Variable Message Signs (real-time).

Parking data (real-time).

Parking data (real-time).

Road works (planned — real time).

Weather data

FCD on road segments of max. 50m, with frequency of
10s up to 1 min.

FCD on road segments of max. 50m, with frequency of
10s up to 1 min.

Flitsmeister feed traffic events.

Real-time travel times, based on Be-Mobile's FCD.
Historical travel times, based on Be-Mobile's FCD.
Real-time speed, based on Be-Mobile's FCD.

Historical speed, based on Be-Mobile's FCD.
Transaction data OV chipcard (Automated Fare
Collection).

Automated Vehicle Location.

Real time public transport information.

Number of visitors per hour for Keukenhof.

Bicycle counts (historical dataset).

Traffic information major roads, traffic counts
(historical dataset).
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Accuracy
Completeness

v
v
v
v
v
v
v
v
v |V
V|V
v
v
V|V
v
v
v

Validity
Timeliness
Coverage

VAN VAN V4
VAN VAN V4
VAN VAN V4
v
v
v
v
v
v
v
v
v
v
vV
VAN N V4
VAN N V4
v
VAN I 4
VAN I V4
v
v
VAN I 4
ViV
VAN VAN V4
VIV
VAN N V4
VAN I 4
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Having defined and mapped the traffic-related datasets that will be assessed with each data quality
dimension, it is of high importance to also present the characteristics and the attributes that will be
taken into account during the assessment phase. Specifically, in the case of accuracy, the dataset
that will serve as the ground truth should be defined. Similarly, the expected values and time
resolution for completeness, the validity criteria and the time resolution for validity, the time
resolution for timeliness, and the spatial coverage level for coverage must be specified. The
following sub-sections contain all this information for each of the data quality dimensions. All this
information will be utilized during the development of the corresponding module of the
SYNCHROMODE Toolbox, named “Data Quality: Assessment”. Finally, the threshold values for each
of the data quality dimensions and for each dataset will be defined during the evaluation/
assessment phase and specifically under deliverable “D3.2: API for data harmonisation and fusion -
version 1”. Also, these threshold values will be updated under deliverable “D3.3: API for data
harmonisation and fusion - final version 2”.

4.5.1 Accuracy assessment

This section focuses on defining the datasets that will serve as ground truth and the datasets to be
assessed for accuracy. By comparing the datasets against a reliable ground truth, the extent to
which the data accurately represents real-world conditions could be defined. The following table
provides a detailed mapping of the ground truth datasets and the corresponding datasets to be
assessed for accuracy of each case study.

Table 14: Accuracy assessment information

General Data Ground Truth Dataset
u u Assessed Dataset

Category Dataset Identifier

Speed values

Speed (from Speed values retrieved from taxi fleet

retrieved from TH6, TH7
FCD) TomTom FCD FCeb

Speed (loop Spged values TH19, TH22,
retrieved from Speed values from loop detectors

detectors) TH25, TH28
TomTom FCD

Flow (loop Flow values retrieved Flow values from loop detectors TH18, TH21,

detectors) from TomTom FCD (selected signalized intersections) TH22, TH27

UG A VEIEE Travel times calculated from BT
Travel Times retrieved from TH2, TH3
detectors data (selected paths)

TomTom FCD
Estimated Initial ETA per bus Actual time of arrival per bus and bus
. . TH16
Time of Arrival and bus stop stop
Traffic events traffic | Community feedback from Flitsmeister

Traffic events control center of on roadworks, accidents, closures, SH 17

South-Holland jams, objects on the road, ...
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Speed (based Real-time speed of

on FCD)

NDW loops

Speed (based Historical speed of

on FCD)

Travel times

NDW loops

Historical speed of
Arriva AVL data

SYNCHROMODE

Real-time speed (based FCD from Be-
Mobile) on segment of 50m SH15, SH23

Historical speed (based FCD from Be-
Mobile) on segments of 50m SH16, SH24
Travel times in NDOV Database SH26, SH29

4.5.2 Completeness assessment

This section focuses on defining the expected values and time resolution required for completeness.
By examining the datasets in detail, any missing information could be identified and ensure that the
data is comprehensive. The specific characteristics, such as the expected values and temporal
resolution, will be considered to ensure a thorough and precise evaluation. The following table
provides a detailed mapping of the expected values and time resolution for completeness for each

dataset of each case study.

General Data Category

Table 15: Completeness assessment information

Expected
value(s)

Time
resolution

Dataset

Source
Identifier

Mobile Network Operator
Data

Census data

Public transport network

Public transport schedules

Weather data

Traffic counts

Average speeds

Available raw
MNO data
(either available
or not)

Values present
for each census
tract

Values for each
station

Values for each
line

Values per
needed variable

1 value per
detector

1 value per
detector
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1 day

NA

NA

NA

1 hour

1 hour

1 hour

Mobile Network Operator MA1

Spanish National Statistical Office
(Instituto Nacional de Estadistica - MA3
INE)

Statistical office of the Community of
Madrid (El Instituto de Estadistica de MAS5
la Comunidad de Madrid)

Regional Transport Authority of

Madrid MA7
Spanish Weather Agency (Agencia
o , MA9
Espafiola de Meteorologia - AEMET)
AIMSUN Madrid model MA11
AIMSUN Madrid model MA12
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Flow/ Speed/ Occupancy

Flow/ Speed/ Occupancy

Flow/ Speed/ Occupancy

Speed

Speed

Delay/Queue/Volume/Turn
ratios

Travel Times

Travel Times

Travel Times

Speed (based on FCD)

Speed (based on FCD)

Travel times (based on FCD)

Travel times (based on FCD)

1 value per
detector

1 value per
detector

1 value per
detector

1 value per
network link

1 value per
network link

1 value per
intersection
approach

1 value per path

1 value per path

1 value per path

Real-time speed
on segment of
50m

Historical speed
on segments of
50m

Real-time travel
times on
segment of 50m

Historical travel
times on
segment of 50m
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1 minute
and 30
seconds

1 minute

5 minutes

1 minute

15 minutes

1 minute

15 minutes

1 minute

15 minutes

1 minute

1 minute

1 minute

1 minute

SYNCHROMODE

Loop detectors (YUNEX)

Loop detectors (SCAE)

Loop detectors (SWARCO)

FCD from TomTom fleet

FCD from taxi fleet

FCD from TomTom fleet

BT detectors

FCD from TomTom fleet

FCD from taxi fleet

Be-Mobile FCD

Be-Mobile FCD

Be-Mobile FCD

Be-Mobile FCD

TH21,
TH22,
TH23,
TH27,
TH28,
TH29
TH21,
TH22,
TH23,
TH27,
TH28,
TH29
TH21,
TH22,
TH23,
TH27,
TH28,
TH29

TH40,
TH41

TH6, TH7

TH44,
TH45

TH2, TH3

TH42,
TH43

TH8, THY

SH15,
SH23

SH16,
SH24

SH15,
SH19

SH16,
SH20
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Values for each
Travel times PT (based on trip and bus . . SH26,
AVL) stops within a 1 minute NDQV, Arriva AVL SH29
trip
Several
Passenger counts (based on | Values for each s'to.ps Arriva AEC SH25
AFC) trip within a
trip
Values for each
Number of Keukenhof day fi d
umber of fed enno ayfor or. ers, 1 Day Keukenhof data SH30
Visitors cancellations,
and ticket scans
Real-time
. ts and .
Traffic counts and speed counts an . 1 minute Opendata.ndw.nu SH1, SH2
speed on major
roads
Real-time travel
Travel time times on major 1 minute Opendata.ndw.nu SH3
roads
Bicycle counts Historic 15 minutes dexter.ndw.nu/opendata/bicycle SH34
Traffic counts and speed Historic 1 minute dexter.ndw.nu/opendata SH36

4.5.3 Validity assessment

This section focuses on defining the validity criteria and the time resolution required for validity. By
examining the datasets against these criteria, it can be ensured that the data is both accurate and
reliable. Due to the importance of loop detectors as well as the information that is retrieved from
such systems the rest of the section, contains a short literature as well as the validity criteria which
will be incorporated under the data quality assessment methodology, in order to assess the
information collected from loop detectors.

To begin with, (Turochy & Smith, 2000) used the following criteria to identify invalid detector data
from Hampton Roads, Virginia. Data were considered invalid if:

e Occupancy > 95%

e Volume >0 and Speed =0

Meanwhile, Hu et al. used the following criteria based on data from Long Island, New York, and
Orlando, Florida. Data were considered invalid if:
e Five-minutes Volume>300 vehicles or Volume>30 vehicles per 30-seconds
e Volume<0
e Number of consecutive zero volume values exceed maximum threshold (variable depending
upon hour of day, ranges from 5 to 15-minute duration)
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Additionally, Chen et al. described a daily statistics algorithm based on which the identification of
erroneous data from single loop detectors in the California PeMS data archive was feasible. Based
on this statistical algorithm, a daily score is computed for each unique loop detector and compared
to a specified threshold that can be customized for different systems. The following four different
scores have been identified:
1. Number of 30-second samples that have Occupancy=0 (maximum threshold of 1,200 per
day)
2. Number of 30-second samples that have Occupancy >0 and Volume=0 (maximum threshold
of 50 per day)
3. Number of 30-second samples that have Occupancy>35% (maximum threshold of 200 per
day)
4. Entropy of 30-second occupancy samples (minimum threshold of 4), which is defined as:
Entropy, E(x) = — Xxp@>o P (x) - log(p(x)),
where p(x) gives the probability of any x

Moreover, Turner et al. defined some quality control checks based on which the identification of
invalid data was feasible by utilizing data from nearly 30 cities in the Mobility Monitoring Program.
The identified quality control checks are as follows:
e Controller error codes: remove numeric error code values (typically “-1” or “255”)
e No vehicles present: replace zero speed values with null/missing speed values when
Volume=0 and Occupancy=0 and Speed=0
e Check for and remove duplicate records (detector identifier, date and time stamp are
identical)
e Maximum volume (varies based on time interval, invalid if Volume>3000 vehicles per hour
per lane - phpl as max rate)
e Maximum occupancy (invalid if OCC>95% for 20-30 second periods, OCC>80% for 1-5
minutes periods)
e Maximum speed (invalid if Speed>150 km/h for 20-30 second periods, Speed>130 km/h for
1-5-minute periods
e Invalid data if: Speed=0 and Volume>0
e Invalid data if: Speed=0 and Volume>0 and Occupancy>0
e Invalid data if: Volume=0 and Speed>0
e Invalid data if: Occupancy>0 and Speed=0 and Volume=0
e Consecutive identical volume, occupancy and speed values (invalid if more than 8
consecutive volume AND occupancy AND speed values are identical, including zero values)

Finally, Weijermars & Berkum defined different criteria that could be used to check traffic counts
from loop detectors on signalized arterial streets. These criteria are based on maximum expected
traffic flow, minimum expected traffic flow, and the principle of flow conservation.

In light of the literature review above, the following table encloses a summary of the validity criteria
which could be used within the SYNCHROMODE project to assess the validity and as a result the
quality of the dual loop detectors. Specifically, loop detectors data will be used both for the
Thessaloniki Case Study as well as for the South Holland Case Study.
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The following table provides a detailed mapping of the validity criteria and time resolution for each

dataset of each case study.

Table 16: Validity criteria for loop detectors per Case Study

Validity Criteria

Thessaloniki Loop

Detectors (from YUNEX)

Thessaloniki Loop
Detectors (from SCAE)

South Holland Loop
Detectors

Time interval of data

Controller error codes (e.g., -1,
255, etc.)
Check for duplicate records
(location ID, date, time identical)

If VOL>0 & SPD=0 then invalid

If VOL=0 & SPD>0 then invalid

If VOL=SPD=0 & OCC>0 then
invalid
If VOL=0CC=SPD=0, then set
SPD=missing/null (no vehicles
present)

If OCC=0 and VOL>VOLmax*

Maximum consecutive identical
VOL, OCC, and SPD values
(including VOL=0, OCC=0, and
SPD=0)

Minimum required daily data
samples ?

Daily data samples where OCC >
X% (default X=70%) 2

Daily data samples with OCC=0 ?

Daily data samples with VOL=0 2

Daily data samples with VOL=0 and
OCC > X (default X=0%) 2

1 minute and 30 seconds

v

NN

> 90%

>20%

> 20%

>20%

>20%

4.5.4 Timeliness assessment

1 minute

v

NGRS

> 90%

>20%

> 20%

>20%

>20%

1 minute

v

> 90%

<20%

This section focuses on defining the time resolution required for timeliness for each of the case
studies. By examining the datasets' timeliness, we can ensure that the data is current and relevant

1VOL max = [(2.932xSPEEDxELAPSED_TIME)/600 — based on maximum possible volume when occupancy value is

truncated to 0.

2 These validity criteria identify a detector as invalid for the entire day.
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for real-time applications. Specific characteristics, such as the time resolution, will be considered to
ensure a thorough and precise evaluation. The following table provides a detailed mapping of the
time resolution for timeliness for each dataset of each case study.

Table 17: Timeliness assessment information

General Data Category Time resolution Dataset Identifier

Flow/ Speed/ Occupancy (loop detectors - YUNEX)
Flow/ Speed/ Occupancy (loop detectors - SCAE)
Flow/ Speed/ Occupancy (loop detectors - SWARCO)
Speed (FCD)

Travel Times (FCD)

Travel Times (BT detectors)

Traffic Events (Flitsmeister)

Travel times PT

Traffic counts and speed real-time

Travel times real-time

Parking data

Variable Message Signs

Bridge openings

Road works

Incidents

MSI-data

Weather

4.5.5 Coverage assessment

1 minute and 30 seconds
1 minute
5 minutes
15 minutes
15 minutes
15 minutes

5 min
1 min or less
1 minute
1 minute
1 minute
1 minute
1 minute
1 minute
1 minute
1 minute

10 minutes

TH27, TH28, TH29
TH27, TH28, TH29
TH27, TH28, TH29
TH6
THS
TH2
SH 17
SH 26, 29
SH1, SH2
SH3
SH5, SH11, SH12
SH4, SH10
SH6
SH7, SH13
SH8
SH9

SH14

This section focuses on defining the spatial coverage level required for each of the case studies. By
examining each datasets' coverage, we can ensure that the data adequately represents the
geographical areas of interest. Specific characteristics, such as spatial resolution and extent, will be
considered to ensure a thorough and precise evaluation. The following table provides a detailed
mapping of the spatial coverage level for each case study.
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Table 18: Coverage assessment information

General Data Category

Mobile network operator data
Land use data

Census data

Public transport network
Household Travel Survey
Weather data

Traffic counts

Average speed

Flow/ Speed/ Occupancy (loop detectors
- YUNEX)

Flow/ Speed/ Occupancy (loop detectors
- SCAE)

Flow/ Speed/ Occupancy (loop detectors
- SWARCO)

Speed (FCD)

Travel Times (FCD)

Travel Times (BT detectors)
PT bus stops

PT lines

Travel times (Be-Mobile FCD)
Speeds (Be-Mobile FCD)

Travel times PT
Passenger counts PT (based on AFC)

Traffic counts and speed real time
Travel times real time

Weather data

Bicycle counts

Traffic counts and speed historic
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Spatial Coverage Level

Area
Area

Area

Area/Network

Area
Area
Network

Network

Area

Area

Area

Network
Area
Area

Area

Area/Network

Network

Network

Bus Stops on selected PT lines

Relevant Bus Stops for use case on
selected PT lines

Network
Network
Area
Network

Network

Dataset
Identifier

MA1
MA2
MA3
MAS
MAS
MA9S
MA11

MA12

TH27, TH28,
TH29
TH27, TH28,
TH29
TH27, TH28,
TH29

TH10, TH11
TH10, TH11
TH4, TH5
TH14
TH13
SH15, SH19
SH15, SH23
SH26, SH29
SH25
SH1, SH2
SH3
SH14
SH34
SH36
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5 Data related standards

5.1 Review of existing data related standards in the transport sector

Data standards in the transport sector are defined as a set of rules, guidelines and specifications on
the collection, format and meaning of mobility data to facilitate its sharing and exchange. These
standards play a crucial role in ensuring interoperability, data consistency, and seamless
communication between different systems and stakeholders in the transportation sector. Overall,
interoperability is one of the essential aspects which refers to the capacity of diverse organizations
and systems to collaborate seamlessly, so that they are capable to interoperate with different
datasets (Open Knowledge Foundation, n.d.).

With the aim of ensuring a seamless life cycle of data exchange and processing, the EU proposed
the deployment of National Access Points (NAPs) to facilitate access, exchange and reuse of
transport related data (European Commission, n.d.). The following list shows the current state of
deployment of NAPs across Europe, as part of the implementation of the delegated acts adopted
under Directive 2010/40/EU (European Parliament, 2010).

e DR EU No 885/2013 — Provision of information services for safe and secure parking places
for trucks and commercial vehicles — Safe and Secure Truck Parking (SSTP) (European
Commission, 2013a).

e DR EU No 886/2013 — Data and procedures for the provision, of road safety-related
minimum universal traffic information free of charge to users — Safety Related Traffic
Information (SRTI) (European Commission, 2013b).

e DR EU No 2015/962 — Provision of EU-wide real-time traffic information (RTTI) services
(European Commission, 2015).

e DREUNO02017/1926 — Provision of EU-wide Multimodal Travel Information (MMTI) Services
(European Commission, 2017).

e DR EU No 2022/670 — Provision of EU-wide real-time traffic information (RTTI) services
(European Commission, 2022).

Each ITS-related data is published on each NAP in the form of datasets that should comply to
standardized formats. These formats are determined by their relevance with the data categories
described within the Delegated Regulations supplementing the ITS Directive (Mylonas et al., 2023).

The data standards that are mentioned in these directives are:
e DATEXII® (CEN/TC 278): the EU standard for the exchange of traffic information and traffic
data.

3 https://datex2.eu
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e NeTEx* (CEN/TS 16614): is a CEN (Comité Européen de Normalisation) technical standard
for exchanging public transport network, schedules and related data (CEN CENELEC, n.d.).
CEN (European Committee for Standardisation) is a private international non-profit
organization.

e SIRI® (CEN/TS 15531) (Standard Interface for Real-time Information): is a CEN technical
standard for exchanging information about the real-time public transport operations.

Other EU standards that can also be highlighted are:
e DVC (Data Communication on Vehicles) CEN/TS 13149
e DJP/OJP (Open API for distributed journey planning) CEN/TS 17118
e OpRa (Operating Raw Data and Statistics exchange)

The DATEX standard was originally developed to exchange information between traffic
management centres, traffic information centres and service provides, but expanded its scope with
DATEX Il, adding all actors in the dynamic traffic and travel information sector (Rinne, 2014). The
information exchanged with DATEX Il includes the following aspects: traffic situations, traffic status,
traffic management, messages displayed on Variable Message Signs (VMS), service information,
parking, truck parking, urban traffic specifics, electromobility infrastructure, refuelling and
recharging, management of electronic traffic regulations, urban vehicle access regulations (DATEX
I, 2021).

The main service types that are facilitated by DATEX Il are: traffic management information from
operator to operator; Real time high-density traffic information and route guidance based on
measures taken by road operators; Provision of journalistic traffic information in human
understandable formats (and content); Dynamic route navigation based on traffic conditions and
traffic management measures; Joint network management by multiple road operators; Joint
network management by road operators and service providers; Data collection for traffic
management; Cooperative ITS (DATEX Il, 2021).

Within the framework of the public transport data standards, the European Project DATA4PT?, led
by the “Union Internationale des Transports Publics” (UITP), supports entities with the
implementation of data models NeTEx, Transmodel, and SIRI with the aim to enhance the
interoperability of information travel services in the public transport sector.

NeTEx and SIRI are both based on the Transmodel conceptual model, which is a CEN European
Reference Data Model for public transport (short name for the European Standard “Public Transport
Reference Data Model EN 12896). Transmodel provides common PuT concepts and data structures,
covering multimodal conventional public transport, including flexible transport such as Demand

4 https://netex-cen.eu
5 https://www.siri-cen.eu
5 https://datadpt-project.eu/
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Responsive Transport (DRT). The following figure summarises the components of Transmodel and
data standards associated.

SIRI

P4
Operations
Monitoring
& Control
P8
Management
Information
& Statistics \\ PLPors
Opk \ P6 Network, P7
Passenger Timing Information Driver
B Information and Vehicle Management
b N Scheduling
//v \.‘ S -
@ P10 W
| Alternative |
\_ Modes /
\ P5
Fare
Management

Figure 2: Transmodel Conceptual Model. Source: CEN - Transmodel

NeTEx is a CEN (European Committee for Standardisation) Technical Standard for Public Transport
to systematise and harmonise European passenger information data. NeTex allows the exchange of
public transport data for passenger information such as stops, route timetables and fares. NeTEx is
used to exchange the following data: public transport schedules including stops, routes, departure
times, frequencies, and map coordinates; timetables; composite journeys; information about the
operators providing the service; data about accessibility of services to passengers with restricted
mobility; and fare structures, products, and prices. Data in NeTEx format are files that can be
exchanged by a wide variety of protocols (http, FTP, email, portable media, etc.) (NeTEx, 2014).

SIRI allows the exchange of real-time information about schedules, vehicles, connections, and
general information messages related to the operation of the service. SIRI complements NeTEx as
it adds the real-time element. The information provided by SIRI can be used to: provide real-time
departure for display on stops, internet, and mobile delivery systems; provide real-time progress
information about individual vehicles; manage the movement of buses; distribute status messages
about the operation of the services; exchange planned and real-time timetable updates. The system
that wants to exchange information implements the SIRI protocols as XML services (JSON is also
available) (SIRI, 2021).

IFOPT (ldentification of Fixed Objects in Public Transport) is a CEN Technical Specification that
presents a Reference Data Model for describing the main fixed objects required for public access to
Public Transport. This Standard has been revised and incorporated into Transmodel in 2016 and is
a key component of the modern Public Transport information systems required to operate the
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transport services and to inform passengers’. The scope of this Data Model includes information
about the following transportation hubs and infrastructures: bus stops, ports, airports and other
point of interest and destination places within the transport facilities, such as platforms, entrances,
concourses, accessibility, equipment, internal spaces, etc.

OpRa® is part of Transmodel environment and developed by CEN and covers all the observed
operational raw data of public transport (for operational reporting, KPl and statistics, service quality
analysis, etc.) (MaaS$ Alliance, 2021). This Standard mainly focuses on the identification of actual and
measured information, i.e. information which cannot be changed anymore in the future.

Additionally, in the context of urban mobility data, the German standard DIN SPEC 91367 (DIN SPEC
91367, 2019), published by the German Institute for Standardisation (Deutsches Institut fiir
Normung), provides guidelines about data models, data accesses, data interfaces in the fields of
traffic management systems, public transport, logistics, infrastructure, floating car data and other
mobility management systems.

Apart from the officially recognised standards, such as DATEX I, NeTEx, and SIRI, there are other
well-known de facto standards that have become widely accepted in practice, such as the General
Transit Feed Specification (GTFS) and General Transit Feed Specification Real Time (GTFS-RT) for
road transport or even Flight Information Exchange Model (FIXM) for air transport. GTFS is a
standard developed by Google for the description of public transport planning and routes. This data
format consists of text files collected in a ZIP file that models each aspect of transit information,
such as stops, routes, stop times, etc (Google Developers, n.d.). This common data format is used
by different transit agencies and software platforms to exchange transit data. GTFS RT is a data
format used for providing real-time updates and information about public transport. It is an
extension of the GTFS. The type of information that can be shared using this format includes trip
updates (delays, cancellations, changed routes, etc.), service alerts (unforeseen events affecting a
station, route, network, etc.), and vehicle positions (including location and congestion levels)
(Google Developers, n.d.). Note that NeTEx is comparable with the GTFS schedule standard and SIRI
is analogous to the GTFS-RT.

Other relevant open standards in the context of sharing transport information are the General
Bikeshare Feed Specification (GBFS) (North American Bikeshare Association, 2015) and the Mobility
Data Specification (MDS) (Open Mobility Foundation, n.d.). The GBFS is an open data standard for
bike and scooter sharing systems (and other micro-mobility systems), whose aim is to provide real-
time information about the status of the bike-sharing system (North American Bikeshare
Association, 2015). It uses JSON files that report real-time data on stations, prices, availability, etc.
For the exchange of data with cities, in recent years there has been a lot of interest in the MDS, API
defined and maintained by the Open Mobility Foundation®. The most restrictive data privacy

7 https://www.transmodel-cen.eu/ifopt-standard/
8 https://www.opra-cen.eu/
9 https://www.openmobilityfoundation.org/
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features (GDPR) in Europe have boosted the creation of an alternative APl to MDS, the City Data
Standard - Mobility (CDS-M), powered by Top Five Cities in the Netherlands (Touma et al., 2022).
The MDS is a set of standards that allows the data-sharing between cities and mobility providers,
focussing on mobility services such as scooters, bicycles, car share, delivery robots and passenger
services. It also includes a set of APIs that works on HTTP requests and delivers JSON responses
(Open Mobility Foundation, n.d.).

More specifically in the context of logistics and last-mile delivery, which has relevant importance in
the Madrid Case Study, the Open Trip Model (OTM) is highlighted (SUTC, n.d.). This is a data model
used to exchange real-time logistic trip data on the web. Currently, the OTM is maintained and
developed by SUTC (Stichting Uniforme Transport Code), a centre for Logistics IT standard. Other
standards have been used to develop the model such as DATEX Il to identify traffic waning types,
ISO-8601 to represent time and data values. However, no other standards have been proposed so
far to address this interoperability in the logistic sector (Bellini et al., 2024).

Other open data standards are specially designed to be used by the transport modelling community
(Mahajan et al., 2022). For instance, the OMX (Open Matrix Format) standard allows the import
and export of model’s matrices. The recent General Modelling Network Specification (GMNS)
promoted by Zephyr foundation creates an open readable format for sharing road network files to
be used in multi-modal static and dynamic transportation planning and operational models (Smith
et al., 2020). The OpenStreetMap (OSM) has become a standard data source for networks in
transport models and, in general, for geographical data (Bellini et al., 2024). GIS data are also
provided by local authorities as Shapefiles or GeoJSON, describing information about reserved
lanes, lane sizes, parking slots, etc. Alternatively, the definition of a standard and API for sharing
parking data has also been developed by the Alliance for Parking Data Standards (APDS) (APDS, n.d.).

The following table (Table 19) summarises these data standards and indicates the data format
corresponding to each one.

Table 19: Summary of data standards in the transport sector. Adapted from (Bellini et al., 2024)
Non-functional

requirements

Data and
standards

Type of information Available formats

Infrastructure
Logistics
Public Transport

Road network, traffic conditions, safety-
DATEX Il v N related traffic information, urban elements, XML, JSON
traffic signals, Points of Interest (POI), parking.
Public transport schedules; timetables;
composite journeys; operator information;

NeTEx v v e . . XML, JSON
accessibility of services to passengers with
restricted mobility; fare structures and prices.
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PuT real-time departures; real-time progress
SIRI v v | information; exchange planned and real-time XML, JSON
timetable updates.
Transmodel Y Y PuT U_rban (Bus, tram, railways, etc.), journey i
planning.
PuT Urban (Bus, tram, railways, etc.): public | CSV Protocol Buffers
GTFS v .
transport planning and routes. (PBF)
GTFS-RT v PuT' reaI-tln'u.a trip updates, service alerts, and | CSV Protocol Buffers
vehicle positions. (PBF)
GIS data o GeoJSON, shapeﬂles,
e ETE v Road network, urban elements, POI, buildings, SVG, SQLite, PNG,
& traffic signals, buildings, terrain. CSV Protocol Buffers
and OSM)
(PBF)
GBFS v Bike sharing and micro-mobility. JSON
Data-sharing standard for mobility services
MDS v such as scooters, bicycles, car share, delivery JSON
robots and passenger services.
OTM v Real-time logistic trip data. XML, JSON
DIN SPEC 91367 v v v Y Road network., urban elem.ents, POI, PT grban XML, JSON
(Bus, tram, railways, etc.), journey planning.

5.2 Use of data related standards in SYNCHROMODE

Depending on their content or their data categories and to facilitate the interoperability, data
resources should comply to specific data standards and consequently standardised data formats
(Mylonas et al., 2023). For instance, some datasets that are related to traffic information and traffic
data should comply to the standards developed by DATEX II. The following sections describe more
specifically the data standards related to traffic and public transport that will be applied in
SYNCHROMODE. The last part of this section includes a table that summarises data categories
identified in this project and the potential data standards and formats that are used in this context.

5.2.1 Traffic related standards applied in SYNCHROMODE

As it presented in Section 5.1, DATEX Il is the most widely used standard in Europe for traffic and
travel data, which makes it highly recommended for use within the SYNCHROMODE project since it
can allow for more efficient and effective traffic management. The main reasons for this suitability
are the following:

e Interoperability: DATEX Il helps to create seamless data exchange between traffic
management centres, service providers, and other stakeholders. This interoperability
ensures that various systems can communicate effectively.

e Standardization: By providing a standardised traffic and travel data format, DATEX Il helps
reduce inconsistencies and incompatibilities between SYNCHROMODE components and
between SYNCHROMODE and external services.

e Flexibility and Scalability: DATEX Il is designed to be flexible and scalable, accommodating a
wide range of data types and traffic management scenarios. Whether dealing with real-time
traffic conditions, incidents, or planned events, DATEX Il can adapt to various needs, making
it a versatile tool for traffic managers.

D3.1: Data requirements and inventory Page 75 of 94
Copyright © 2023 by SYNCHROMODE



&

SYNCHROMODE

e Data Quality Monitoring: The standard allows for establishing and monitoring the quality
and accuracy of data, which is critical for making informed traffic management decisions and
for the appropriate functioning of the different modules that will compose the
SYNCHROMODE Toolbox.

e Support for Advanced Traffic Management Systems (ATMS): DATEX Il integrates well with
advanced traffic management systems, facilitating the implementation of sophisticated
traffic control strategies such as dynamic routing, incident management, and real-time
traffic monitoring.

e Comprehensive Data Coverage: DATEX Il covers a wide range of data, including traffic
conditions, roadworks, weather conditions, and traffic regulations. This comprehensive data
coverage ensures that all relevant aspects of traffic management are addressed, providing a
holistic view of the traffic situation.

In summary, DATEX II's robust framework, standardisation capabilities, support for interoperability,
flexibility, scalability, support for ATMS and comprehensive data coverage make it an ideal choice
for traffic-related data in SYNCHROMODE.

5.2.2 Public transport related standards applied in SYNCHROMODE

The analysis of the different Public Transport Standards for SYNCHROMODE in the section 6.1,
shows two trends: officially recognised standards (NeTEx, SIRI, Transmodel, DIN SPEC 91367) and
de facto standards that are mostly widespread and accepted in practice, such as the General Transit
Feed Specification (GTFS and GTFS-RT) developed by Google. The second alternative (GTFS) would
be more suitable for the project, considering the availability of the datasets provided by the Public
Transport Authorities and for the Transport Operators in over 100 countries, established as an
industry standard.

General Transit Feed Specification (GTFS) and General Transit Feed Specification Real Time (GTFS-
RT) will provide to the project a text-based Open Standard, simple and easy to produce, maintain
and share Public Transport data by the different stakeholders of the Public Transport sectors, such
as public administrations, transport authorities and transport operators, among other key players
and sources of information for SYNCHROMODE.

GTFS feeds have different repositories or directories that provides public transport data at
international level. The main feed registries are:

e Mobilitydatabase.org: is an extensive archive of public transit data for software developers,
transit agencies and other players that provides official 2.000 GTFS & GTFS-Realtime feeds
from around the world in 70 countries.

e Transitland.com:is an open data platform that collects GTFS, GTFS Realtime, GBFS, and other
open data feeds from transit providers around the world. This platform aggregates feeds
from over 2.500 operators in over 55 countries.

Alternatively, the Transmodel environment developed by CEN, mainly NeTEx (Public Transport) and

SIRI (Vehicle monitoring) standards could complement or cover possible gaps for SYNCHROMODE
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project and could be used to double check the data, being the primary source in the case of lack of
information in the GTFS standard or format availability.

5.3 Summary of standards applied in SYNCHROMODE

The following table (Table 20) summarises the main data sources identified in SYNCHROMODE and
groups them into various categories based on their content. Note that only the most relevant ones
are considered in this table. According to the previous sections, the most suitable data standards
that can be applied to these datasets are also indicated. The last column includes the data formats
for each identified dataset in SYNCHROMODE. If more than one format is accepted by the data
standard, then it is also included.

Table 20: Summary of dataset identified in the SYNCHROMODE project and the corresponding data standards and formats.

Data category SYNCHROMODE Dataset Base standards Identified data formats

Road traffic measurements (traffic
occupancy, speed, flow, traffic

Road Traffic Data counts). DATEX Il XML, CSV
Floating vehicle data (GPS mobile,
etc)
. Road travel times
Road Travel Times DATEX Il XML, CSV
Travel delays
N ) Traffic light status
etwor' C-ITS messages | VMS DATEX Il XML, JSON
Information i
Parking data
OD traffic matrices
Demand Data Logistic  demand  (including OMX XML, CSV
delivery stops and itineraries)
PuT lines CSV, Shapefile
Public Transport PuT schedules GTFS JSON
(NeTEx can complement)
Bus stops Shapefile
Public Transport Delays Basic Geo
Vehicle Monitoring | Floating bus data 2l Basic Geo
(NeTEx can complement
Ticket sales PT users CsV

Geographical

. Land use data GIS GeoJSON, Shapefile
Information
Meteorological data (e.g.
Weather Data temperature, humidity, rainfall, DATEX Il XLSX
etc.)
Location and situation of planned
Events events (e.g. roadworks), DATEX Il XML, JSON

unplanned incidents, etc.

PT Events PT network planned events and GTFS-RT XML, JSON
unplanned events (SIRI can complement)
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6 Conclusions

This deliverable has systematically outlined the methodologies, requirements, and standards
pertinent to the SYNCHROMODE project, particularly focusing on data management and quality.
The key points from the deliverable are summarized below. The project identified and categorized
data requirements for three specific case studies: Madrid, South Holland, and Thessaloniki. Each
case study involved meticulous data collection, identification, and classification to ensure the
comprehensiveness of the data inventory. The methodologies employed ensured that data were
accurately aligned with the project's goals and requirements, thereby establishing a solid
foundation for the SYNCHROMODE Toolbox.

A significant part of the deliverable was dedicated to defining and assessing data quality dimensions,
including accuracy, completeness, validity, timeliness, coverage, and accessibility. The quality
assessment framework adopted was robust, ensuring that all datasets met the required standards
for subsequent project tasks. This framework also involved mapping datasets to specific quality
criteria to ensure they are fit for purpose.

Requirements for data collection and storage were identified through extensive desk research and
field experience. This included the functional and non-functional requirements necessary for the
effective collection, storage, sharing, and utilization of data. The deliverable emphasized the
importance of metadata, traceability, and data confidentiality, highlighting the need for GDPR
compliance and efficient data lifecycle management.

An extensive review of existing data-related standards was conducted, particularly those relevant
to the transport sector. The SYNCHROMODE project leverages standards such as DATEX I, GTFS,
and NeTEx to ensure interoperability and data quality across different systems and datasets. These
standards facilitate the harmonization and integration of various data sources, which is crucial for
the project's success.

Detailed descriptions of data sources collected for each case study were provided, highlighting the
unique data requirements and challenges associated with each location. The case studies
demonstrated the practical application of the methodologies and standards discussed, providing a
real-world context for the SYNCHROMODE project.

The findings and methodologies outlined in this deliverable will significantly contribute to the
SYNCHROMODE project's objectives as well as to the development of both the “Data quality:
assessment” module and the SYNCHROMODE Toolbox. By ensuring high data quality and adherence
to established standards, the project is well-positioned to enhance multimodal transport
management. The insights gained from this deliverable will support the development of predictive
and optimization capabilities within the SYNCHROMODE Toolbox.

In conclusion, this deliverable has successfully identified, assessed, and documented the data
requirements and inventory necessary for the SYNCHROMODE project. The comprehensive
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approach adopted ensures that the project can move forward with a clear understanding of the
data landscape.
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Appendix A Detailed description of data sources collected

A.1 Detailed description of data sources collected for the Madrid Case Study

Sub-
category

MA Other

MA Other

Source

Name

Mobile
network
operator
data

SIOSE
land use
data

Spanish
census
data

Source Description

Mobile phone Call Detail Records
contain the geolocated
information of mobile phone
users every time they
make/receive a call, send/receive
an SMS or use a data connection
to access the Internet.

The key features of this data
source are:

- capability to identify door-to-
door trips

- big sample (more than 20% of
the total population)

- passive collection, which allows
the study of unpredicted events
- contains data of both roamers-
in (non-Spanish people that
connect to Orange Spain
network) and roamers-out
(Orange Spain clients travelling
abroad)

Land-use information of each
Autonomous Community of
Spain. This information includes
the geometry of each land use
type

INE is the Spanish National
Statistical Office. It provides
demographic information for
Spain at a high level of detail. In
particular, the data considered to
be useful is the Spanish Census,
where population data,
characterised by age group and
gender is available at census
tract level

2005

Date
last
updated

Daily
updated

2014

2022

Tempor
Ell
Coverag
e

Historic
al

Static

Historic
al
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Geogra
phic
Coverag
e

National

National

National

Granularity

Minute-
level

Standar
d Used

Languag
e

Spanish

Spanish

Spanish

csv

Spanish
total
populati
on
(depend
son the
day)

Spanish
total
populati
on

Access
Type

API Link

Provide
r

Restrict Orange Orange
ed MM
ON
Open http://centrod Spanish Spanish NO
edescargas.cni Nationa National MM
g.es/CentroDes | Geograp ON
cargas/catalog Geogra hic
0.do?Serie=SI0 phic Informat
SE Informa ion
tion Center
Center
Public https://www.in Spanish NO
e.es/dyngs/INE Nationa MM
base/es/opera | ON
cion.htm?c=Est Statistic
adistica_C&cid al Office
=12547361769 (Institut
92&menu=ulti o
Datos&idp=125 Naciona
4735572981 I de
Estadisti
ca - INE)
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http://centrodedescargas.cnig.es/CentroDescargas/catalogo.do?Serie=SIOSE
http://centrodedescargas.cnig.es/CentroDescargas/catalogo.do?Serie=SIOSE
http://centrodedescargas.cnig.es/CentroDescargas/catalogo.do?Serie=SIOSE
http://centrodedescargas.cnig.es/CentroDescargas/catalogo.do?Serie=SIOSE
http://centrodedescargas.cnig.es/CentroDescargas/catalogo.do?Serie=SIOSE
http://centrodedescargas.cnig.es/CentroDescargas/catalogo.do?Serie=SIOSE

MA

MA

MA

Dema
nd

Suppl

Other

Suppl

citylogin
™S

Puplic
transpor
t
network

E-
commer
ce
survey

Public
transpor
t
schedule
s

Information of goods travel
demand. Including main delivery
stops and delivery itineraries.

Location data of the Cercanias
train and Metro stations, and
intercity bus interchanges of the
Community of Madrid

Data obtained from surveys
conducted to residents in Spain
about the use of e-commerce for
private reasons characterised by
age group, gender, income level,
household structure, etc.

Line route, vehicles and
timetables for the different
public transport systems in
Madrid (metro, cercanias, city
and intercity buses, ...)

Road

Road

Road

Road

Freig
ht

Pass

enge

Freig
ht

Pass
enge

2021-
today

2021-
today

2018

2022

o gifs-
red-de-
cercania
s:
August
2022

o gtfs-
red-de-
metro:
August
2022

o gtfs-
red-de-
emt:
Decemb
er 2021
o gtfs-
red-de-
metro-
ligero:
August
2022

o gtfs-
red-de-
autobus
es-
urbanos

Decemb
er 2021
o gtfs-
red-de-
autobus
es-
interurb
anos:
Decemb
er 2021
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Historic
al

Static

Historic
al

Static

Inter-
urban

Inter-
urban

National

Inter-
urban

GTFS

Spanish

Spanish

Spanish

Spanish

csv

csv

csv
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2,000
deliverie
s per
day
Madrid
Regional
areain
average
All train
and
Metro
stations,
and
intercity
bus
intercha
nges

Around
15,000
Spanish
househo
Ids

Restrict
ed

Open

Public

Public

https://gestion
a.comunidad.
madrid/nomec

alles/Descarga
BDTCorte.icm

https://www.in
e.es/dyngs/INE
base/operacio
n.htm?c=Estadi
stica_C&cid=12
54736176741&
menu=resultad
0s&idp=12547
35976608#!tab
s
125473619457
9

https://datos.c
rtm.es/search?
a=*

CityLogi
n

Statistic
s
Institute
of the
Commu
nity of
Madrid
(Institut
ode
Estadisti
cadela
Comuni
dad de
Madrid)
Spanish
Nationa
|
Statistic
al Office
(Institut
o
Naciona
I de
Estadisti
ca - INE)

Madrid
Regiona
|
Transpo
rt
Consorti
um
(Consor
cio
Regiona
| de
Transpo
rtes de
Madrid
- CRTM)
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https://gestiona.comunidad.madrid/nomecalles/DescargaBDTCorte.icm
https://gestiona.comunidad.madrid/nomecalles/DescargaBDTCorte.icm
https://gestiona.comunidad.madrid/nomecalles/DescargaBDTCorte.icm
https://gestiona.comunidad.madrid/nomecalles/DescargaBDTCorte.icm
https://gestiona.comunidad.madrid/nomecalles/DescargaBDTCorte.icm

MA

MA

MA
10

MA
11

MA
12

MA
13

MA
14

Dema
nd

Other

Other

Traffi

Traffi

Suppl

Dema
nd

Traffic
counts
(historical,
from any
traffic
measuring
system)

Speed
(historical,
from any
traffic
measuring
system)

Shared
mobility
useage/de
mand data

Househo
Id Travel
Survey

AEMET
weather
data

Madrid
network
model

Traffic
counts

Average
speed

Logistic
consolid
ation
centers
Shared
Mobility
Vehicle
Dataset

The Mobility Household Survey is
carried out by the Regional
Transport Authority and analyses
the Madrid residents’ daily trips
on a working day. Itis based on
85,000 personal and telephone
interviews carried out between
February and May 2018

Meteorological data produced by
official weather stations
distributed all over Spain (800
weather stations). These data are
provided in real-time basis
through a REST webservice. A
Python script collects the
updates of the data hourly and
gathers it in sorted files,
producing one JSON file per day.
The files contain one single line
per hourly record of each station
along the day

Aimsun-based Madrid road
network model. It covers the
whole Madrid region. It includes
the road network, some control
plans at some intersections,
adjusted demand for the AM, PM
peak and IP (only cars). Public
transport is not considered.
Hourly traffic counts from road
detectors that are used to
calibrate/validate the Aimsun
model. Note that the Madrid
network model is property of
Madrid City Council and Aimsun
has to get the permission to use
the model in SYNCHROMODE.
Average speed on the M30 ring
road

Shapefile with some set of
relevant identified logistic
consolidation centers in Madrid
Region (points).

Dataset containing information
on trips made by shared mobility
vehicles in the city of Madrid:
origin and destination
coordinates and timestamps, etc.

Road

Road

Road

Road

Road

Pass
enge

2018

2020

2019

2019

2023

2023

2018

Monthly
updated

2019

2019

2023

2023
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Historic
al

Historic
al

Historic
al

Historic
al

Historic
al

Inter-
urban

National

Urban

Urban

National

Minute-
level

Hourly

Hourly

Hourly

Minute-
level

Spanish

Spanish

Spanish

Spanish

Spanish

othe

shp

csv.
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85,000
resident
sin the
Madrid
region

800
weather
stations
distribut
edall
over
Spain

Madrid
city
centre
and the
whole
Madrid
region

Shared
mobility
vehicle
origin
and
destinat
ion
coordin
ates
betwee
nlJune
2022
and
May
2023

Open

Open

Restrict
ed

Restrict
ed

Restrict
ed

Restrict
ed

Restrict
ed

https://www.cr
tm.es/conocen
os/planificacio
n-estudios-y-
proyectos/enc
uesta-
domiciliaria.as
px

https://www.a
emet.es/en/da
tos_abiertos/A
EMET_OpenDa
ta

Regiona
|
Transpo
rt
Authorit
y of
Madrid

Spanish
Weathe
r
Agency
(Agenci
a
Espafiol
ade
Meteor
ologia -
AEMET)

Madrid
City
Council

Madrid
City
Council

Madrid
City
Council

Ellabora
ted
manuall

y
FLUCTU
(o]
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Madrid
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Council

Madrid
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Council
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Nommo
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MM
ON

NO
MM
ON

No
mm
on

NO
MM
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A.2 Detailed description of data sources collected for the Netherlands Case Study

Ide
ntifi
er

SH1

SH2

SH4.

SH5

SH6

SH7

SH8

SH9

SH1

SH1

SH1

SH1

CKAN

yes

yes

yes

yes

yes

Categor

y

Traffic

Traffic

Traffic

Traffic

Traffic

Other

Other

Other

Traffic

Traffic

Traffic

Traffic

Traffic

Other

Sub-category

Traffic counts (real-
time, from any traffic
measuring system)

Source Name

opendata.nd
w.nu

Source Description

traffic information major
roads, traffic counts real-time

Speed (real-time, from
any traffic measuring
system)

Travel times (real-
time, from any traffic
measuring system)
Variable Message

Signs (real-time)

Parking data (real-
time)

Bridge opening (real-
time)

Road works (planned -
real time)

Incidents (real time)

MSI Highways (real-
time

Variable Message
Signs (real-time)

Parking data (real-
time)

Parking data (real-
time)

Road works (planned -
real time)
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opendata.nd
w.nu

opendata.nd
w.nu

opendata.tec

hnolution.nl

opendata.nd

w.nu

opendata.nd
w.nu

traffic i ion major
roads, speed real-time

traffic information major
roads, travel times real-time

Variable Message Signs (real-
time)

Parking data (real-time)

Bridge opening (real- time)

Road works (planned -real
time)

traffic i ion major

opendata.nd
w.nu

Technolution

openparking.
nl

Melvin

KNMI

roads, incidents

traffic information major
roads, MSI

Variable Message Signs (real-

time)

Parking data (real-time)

Parking data (real-time)

Road works (planned -real
time)

Weather

Modes

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Type

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

I-
tim

Natio
nal

Natio
nal

Natio
nal

Urba

Natio
nal

Natio

Natio
nal

Natio
nal

Urba

Urba

Granul
arity

Minute
-level

Minute
-level

Minute
-level

Minute
-level

Minute
-level

Minute
-level

Minute
-level

Minute
-level

Minute
-level

Minute
-level

Minute
-level

Minute
-level

Minute
-level

Minute
-level

Languag

e

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

json

xml

json

json
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Access

Type

Open

Open

Open

Open

Open

Open

Open

Open

Open

Open

Open

Open

Open

Open

API Link

ncis.ndw.nu

ncis.ndw.nu

ncis.ndw.nu

ncis.ndw.nu

https://ope
ndata.techn
olution.nl/o
pendata/pa
rkingdata/v
1/

ncis.ndw.nu

ncis.ndw.nu

ncis.ndw.nu

ncis.ndw.nu

https://ope
ndata.techn
olution.nl/o
pendata/dis
playdata/vl
L
https://npr
opendata.r
dw.nl/parki
ngdata/v2/
https://ope
nparking.nl
[map
https://mel
vin.ndw.nu/
public
https://dat
aplatform.k
nmi.nl/

Provide
r

NDW

Technol
ution

NDW

NDW

NDW

Technol
ution

NPR
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Partner

MAP

MAP

MAP

MAP

MAP

MAP

MAP


https://opendata.technolution.nl/opendata/parkingdata/v1/
https://opendata.technolution.nl/opendata/parkingdata/v1/
https://opendata.technolution.nl/opendata/parkingdata/v1/
https://opendata.technolution.nl/opendata/parkingdata/v1/
https://opendata.technolution.nl/opendata/parkingdata/v1/
https://opendata.technolution.nl/opendata/parkingdata/v1/
https://opendata.technolution.nl/opendata/displaydata/v1/
https://opendata.technolution.nl/opendata/displaydata/v1/
https://opendata.technolution.nl/opendata/displaydata/v1/
https://opendata.technolution.nl/opendata/displaydata/v1/
https://opendata.technolution.nl/opendata/displaydata/v1/
https://opendata.technolution.nl/opendata/displaydata/v1/
https://npropendata.rdw.nl/parkingdata/v2/
https://npropendata.rdw.nl/parkingdata/v2/
https://npropendata.rdw.nl/parkingdata/v2/
https://npropendata.rdw.nl/parkingdata/v2/
https://openparking.nl/map
https://openparking.nl/map
https://openparking.nl/map
https://melvin.ndw.nu/public
https://melvin.ndw.nu/public
https://melvin.ndw.nu/public
https://dataplatform.knmi.nl/
https://dataplatform.knmi.nl/
https://dataplatform.knmi.nl/

SH2

SH2

SH3

SH3

yes

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Traffic

Other

Other

Traffic

Sales

Traffic

Floating Car Data (raw
data, real time)

Floating Car Data (raw
data, historical)

Incidents (real time)

Traffic lights status
(real-time)

Travel times (real-
time, from any traffic
measuring system)

Travel times
(historical, from any
traffic measuring
system)

Traffic counts (real-
time, from any traffic
measuring system)

Traffic counts
(historical, from any
traffic measuring
system)

Speed (real-time, from
any traffic measuring
system)

Speed (historical, from
any traffic measuring
system)

Passenger counts per
bus stop (historical)

Speed (historic, ZHN
bus operations buses,
operational data,
schedules)

School holidays Europe

National holidays
Europe

National Database
Publoc Transport
(NDOV)

Ticketsales Keukenhof
PT users / non PT
users?,

Traffic management
scenarios Keukenhof
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FCD - Be-
Mobile

FCD - Be-
Mobile
Traffic events

- Flitsmeister

opendata.nd
w.nu

Travel times -
Be-Mobile

Travel times -
Be-Mobile

Traffic counts
- Be-Mobile

Traffic counts
- Be-Mobile

Speeds - Be-
Mobile

Speeds - Be-
Mobile

Arriva

Arriva

open data

open data

NDOV (open

data)

Arriva /
Keukenhof

Province of
South-Holland

FCD on road segments of max.
50m, with frequency of 10s up
to 1 min.

FCD on road segments of max.
50m, with frequency of 10s up
to 1 min.

Flitsmeister feed traffic events

iVRI status via UDAP

Based on Be-Mobile's FCD

Based on Be-Mobile's FCD

Based on Be-Mobile's FCD

Based on Be-Mobile's FCD

Based on Be-Mobile's FCD

Based on Be-Mobile's FCD

Transaction data OV chipcard

automated vehicle location

vacation days

vacation days

Floating bus data (raw data,
real time)

Number of visitor per hour

Province of South Holland
descision document

Road

Road

Road

Road

Road

Road

Road

Road

Road

Road

Public
Transpor
t

Public
Transpor
t

Public
Transpor
t

Road+Pu
blictrans
port

Road

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Holiday
Travell
ers

Holiday
Travell
ers

Passen
ger

Travell
ers

Hist
oric

Hist
oric

Hist
oric
al

|-
tim

Hist
oric
al
Hist
oric
al

Hist
oric
al

-
tim

Hist
oric

Natio
nal

Natio
nal

Natio
nal

Natio
nal

Natio
nal

Natio

Natio
nal

Arriva
regio
ns

Arriva
regio

ns

Europ
ean

Europ

Natio

Inter
natio
nal

Minute
-level

Minute
-level
Minute

-level

Second
-level

Minute
-level

Minute
-level

Minute
-level

Minute
-level

Minute
-level

Minute
-level
Second

-level

Minute
-level

Day
level

Day
level

Minute
level

Hour
level

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

Dutch

csv.
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Paid

Paid

Paid

Open

Paid

Paid

Paid

Paid

Paid

Paid

Closed
loop

Closed
loop

Open

Open

Open

Closed
loop

https://ww
w.ndw.nu/
onderwerp
en/udap

https://ww
w.openholi
daysapi.org
Jen/

https://holi
dayapi.com

https://gee
kflare.com/
best-
holiday-
apis/
https://ndo
vloket.nl/

Be-
Mobile

Be-
Mobile
Be-

Mobile

NDW

Be-
Mobile

Be-
Mobile

Be-
Mobile

Be-
Mobile

Be-
Mobile

Be-
Mobile

Arriva

Arriva

Stichtin

8
OpenG
eo
Ticketco
unter
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Arriv

Arriv

Keuk
enho
f&Ar
riva

con
dti
ona

con
dti
ona

Be-
Mobile

Be-
Mobile
Be-

Mobile

Be-
Mobile

Be-
Mobile

Be-
Mobile

Be-
Mobile

Be-
Mobile

Be-
Mobile

Be-
Mobile

Arriva

Arriva

MAP

Arriva

Arriva


https://www.ndw.nu/onderwerpen/udap
https://www.ndw.nu/onderwerpen/udap
https://www.ndw.nu/onderwerpen/udap
https://www.ndw.nu/onderwerpen/udap
https://ndovloket.nl/
https://ndovloket.nl/

SH3

SH3

A.3 Detailed description of data sources collected for the Thessaloniki Case Study

H
Roa

Identi
fier

TH2

TH4

TH6

TH7

TH8

yes

yes

Traffi

Traffi

Other

Other

Traffi

Traffi

Traffi

Traffi

Traffic

Traffic

Sub-
category

Traffic
counts
(real-time,
from any
traffic
measuring
system)
Travel
times
(real-time,
from any
traffic
measuring
system)
Travel
times
(historical,
from any
traffic
measuring
system)

Floating
Car Data
(raw data,
real time)
Floating
Car Data
(raw data,
historical)
Travel
times
(real-time,
from any
traffic
measuring
system)
Travel
times
(historical,

from any

Bicycle counts
(historical, from any
traffic measuring
system)

Traffic counts
(historical, from any
traffic measuring
system)

Source
Name

itravel-
detections

itravel-
traveltimes

itravel-
traveltimes
-historical

itravel-
paths

itravel-

devices

fcd-gps

fed-gps-
historical

fed-
traveltimes

fed-
traveltimes
-historical

dexter.ndw.n
u/opendata/b
icycle

dexter.ndw.n
u/opendata

Source
Description

Current total
number of
detections per
iTravel device

Current travel
times for selected
paths in Greece
produced using
itravel detections

Travel times for
selected paths in
Greece produced
using itravel
detections
(Historical
datasets)
Predefined paths
between the
iTravel devices
iTravel devices
characteristics

Floating car data
in Thessaloniki,
Greece in -almost-
real time

Floating Car Data
in Thessaloniki,
Greece (Historical
datasets)

Current travel
times for
predefined paths
in Thessaloniki,
Greece produced
using fcd

Travel times for
predefined paths
in Thessaloniki,
Greece produced

Bicycle counts (historical, from Road
any traffic measuring system)

traffic information major Road
roads, traffic counts historical

Passen
d ger
Roa Passen
d ger
Roa Passen
d ger
Roa
d
Roa
d
Roa Passen
d ger
Roa Passen
d ger
Roa Passen
d ger
Roa Passen
d ger

Passen
ger

Passen
ger

Temporal
Coverage

Real-time

Real-time

Historical

Static

Static

Real-time

Historical

Real-time

Historical
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Geographic
Coverage

Urban

Urban

Urban

Urban

Urban

Urban

Urban

Hist
oric

Hist
oric

Granula
rity

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Natio
nal

Natio
nal

Standar
d Used

Minute

-level

Language

English

English

English

English

English

English

English

English

English

Dutch

Dutch

xml

xml

xml

Sample
Size

SYNCHROMODE

Open

Open

Access
Type

Open

Open

Open

Open

Open

Open

Open

Open

API Link

https://feed.o|
endata.imetb.g
r/itravel/detect

ions

https://feed.of
endata.imetb.g
r/itravel/travel

times

https://openda
ta.imet.gr/data
set/itravel-
traveltimes-
historical

https://feed.of
endata.imetb.g
r/itravel/paths
https://feed.of
endata.imetb.g
r/itravel/device

https://feed.o|
endata.imetb.g
r/fcd/gps

ftp://62.217.12
5.152:2121/fcd
gps/.

https://openda
ta.imet.gr/data
set/fcd-

traveltimes

https://openda
ta.imet.gr/data
set/fcd-

NDW

NDW

Provide
r

HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT
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HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

Respon
sible
Partner

HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT


https://feed.opendata.imetb.gr/itravel/detections
https://feed.opendata.imetb.gr/itravel/detections
https://feed.opendata.imetb.gr/itravel/detections
https://feed.opendata.imetb.gr/itravel/detections
https://feed.opendata.imetb.gr/itravel/traveltimes
https://feed.opendata.imetb.gr/itravel/traveltimes
https://feed.opendata.imetb.gr/itravel/traveltimes
https://feed.opendata.imetb.gr/itravel/traveltimes
https://opendata.imet.gr/dataset/itravel-traveltimes-historical
https://opendata.imet.gr/dataset/itravel-traveltimes-historical
https://opendata.imet.gr/dataset/itravel-traveltimes-historical
https://opendata.imet.gr/dataset/itravel-traveltimes-historical
https://opendata.imet.gr/dataset/itravel-traveltimes-historical
https://feed.opendata.imetb.gr/itravel/paths
https://feed.opendata.imetb.gr/itravel/paths
https://feed.opendata.imetb.gr/itravel/paths
https://feed.opendata.imetb.gr/itravel/devices
https://feed.opendata.imetb.gr/itravel/devices
https://feed.opendata.imetb.gr/itravel/devices
https://feed.opendata.imetb.gr/itravel/devices
https://feed.opendata.imetb.gr/fcd/gps
https://feed.opendata.imetb.gr/fcd/gps
https://feed.opendata.imetb.gr/fcd/gps
ftp://62.217.125.152:2121/fcd_gps/
ftp://62.217.125.152:2121/fcd_gps/
ftp://62.217.125.152:2121/fcd_gps/
https://opendata.imet.gr/dataset/fcd-traveltimes
https://opendata.imet.gr/dataset/fcd-traveltimes
https://opendata.imet.gr/dataset/fcd-traveltimes
https://opendata.imet.gr/dataset/fcd-traveltimes
https://opendata.imet.gr/dataset/fcd-traveltimes-historical
https://opendata.imet.gr/dataset/fcd-traveltimes-historical
https://opendata.imet.gr/dataset/fcd-traveltimes-historical

TH10

TH11

TH12

TH13

TH14

TH15

TH16

TH17

TH18

TH19

Traffi
c

Traffi

Traffi

Other

Suppl

Suppl

Suppl

Suppl

Traffi

Traffi

traffic
measuring
system)
Speed
(real-time,
from any
traffic
measuring
system)
Speed
(historical,
from any
traffic
measuring
system)
Traffic
counts
(real-time,
from any
traffic
measuring
system)

Public
transport
lines

Public
transport
stops

Public
transport
schedules

Public
transport
schedules
Traffic
counts
(real-time,
from any
traffic
measuring
system)

Traffic
counts
(historical,

network-
speed

network-
speed-
historical

network-
congestion

GIS
(shapefile)
for the
Thessalonik
inetwork
(FCD)

buslineslan
2021

busstopsla
n2021

public_sche
dules

ETA

Traffic Data
from Toll
Stations in
Hellastron
network

Volume-
detector-

using fcd
(Historical
datasets)

Current speeds on
openstreetmap
network links

Historical speeds
on openstreetmap
network links

The current traffic
conditions on
openstreetmap
network links

Base traffic
network of
Thessaloniki,
Greece built on
OSM data. This is
the reference
network for the
datasets network-
speed and
network-
congestion (real-
time and
historical)

The current public
bus lines for the
city of
Thessaloniki

The current public
bus stops for the
city of
Thessaloniki

The current public
bus schedules for
the city of
Thessaloniki
Estimated time of
arrival from public
transport

Traffic data
collected from Toll
Stations in
Hellastron
network. Network
includes Aegean
Motorway, Attiki
Odos, Gefyra,
Egnatia Odos,
Kentriki Odos,
Moreas
Motorway, lonia
Odos, Nea Odos
and Olympia
Odos.

Flow retrieved
from traffic count
systems before

Roa

Roa

Passen
ger

Passen
ger

Passen

ger

Passen
ger

Real-time

Historical

Real-time

Static

Static

Static

Static

Real-time

Real-time

Historical
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Urban

Urban

Urban

Urban

Urban

Urban

Urban

Urban

National

Urban

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Minute-
level

English

English

English

Greek/
English

Greek/
English

Greek/
English

Greek/
English

Greek

Greek/
English

xml

xml

xml

shp

shp

shp

json

json

csv

json

SYNCHROMODE

Open

Open

Open

Open

Open

Open

Open

Open

Open

Restrict
ed

https://feed.o|
endata.imetb.g
r/fcd/speed

https://feed.o|
endata.imetb.g
r/fcd/speed

https://feed.of
endata.imetb.g
r/fcd/congestio

ns

https://openda
ta.imet.gr/data
set/hit-osm-
base-
network/resou
rce/7282b103-
935a-4b62-
a79d-
b2e9540cadbe

https://oseth.c
om.gr/wp-
content/uploa
ds/2021/01/bu
slinesJan2021.z
ip
https://oseth.c
om.gr/wp-
content/uploa
ds/2021/01/bu
sstopslan2021.

zip

https://hellastr
on.imet.gr/toll

ways/latest.csv

http://rcm-
its.gr/info,

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

TheTA

TheTA

OASTH

OASTH

Hellastr
on

SCAE,SIE
MENS.S
WARCO
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CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

TheTA

TheTA

OASTH

OASTH

Hellastr
on

Attri
buti
on
4.0
(cc-
BY-
4.0)

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-

HIT

CERTH-
HIT

CERTH-
HIT


https://opendata.imet.gr/dataset/fcd-traveltimes-historical
https://opendata.imet.gr/dataset/fcd-traveltimes-historical
https://feed.opendata.imetb.gr/fcd/speed
https://feed.opendata.imetb.gr/fcd/speed
https://feed.opendata.imetb.gr/fcd/speed
https://feed.opendata.imetb.gr/fcd/speed
https://feed.opendata.imetb.gr/fcd/speed
https://feed.opendata.imetb.gr/fcd/speed
https://feed.opendata.imetb.gr/fcd/congestions
https://feed.opendata.imetb.gr/fcd/congestions
https://feed.opendata.imetb.gr/fcd/congestions
https://feed.opendata.imetb.gr/fcd/congestions
https://opendata.imet.gr/dataset/hit-osm-base-network/resource/7282b103-935a-4b62-a79d-b2e9540ca4be
https://opendata.imet.gr/dataset/hit-osm-base-network/resource/7282b103-935a-4b62-a79d-b2e9540ca4be
https://opendata.imet.gr/dataset/hit-osm-base-network/resource/7282b103-935a-4b62-a79d-b2e9540ca4be
https://opendata.imet.gr/dataset/hit-osm-base-network/resource/7282b103-935a-4b62-a79d-b2e9540ca4be
https://opendata.imet.gr/dataset/hit-osm-base-network/resource/7282b103-935a-4b62-a79d-b2e9540ca4be
https://opendata.imet.gr/dataset/hit-osm-base-network/resource/7282b103-935a-4b62-a79d-b2e9540ca4be
https://opendata.imet.gr/dataset/hit-osm-base-network/resource/7282b103-935a-4b62-a79d-b2e9540ca4be
https://opendata.imet.gr/dataset/hit-osm-base-network/resource/7282b103-935a-4b62-a79d-b2e9540ca4be
https://opendata.imet.gr/dataset/hit-osm-base-network/resource/7282b103-935a-4b62-a79d-b2e9540ca4be
https://oseth.com.gr/wp-content/uploads/2021/01/buslinesJan2021.zip
https://oseth.com.gr/wp-content/uploads/2021/01/buslinesJan2021.zip
https://oseth.com.gr/wp-content/uploads/2021/01/buslinesJan2021.zip
https://oseth.com.gr/wp-content/uploads/2021/01/buslinesJan2021.zip
https://oseth.com.gr/wp-content/uploads/2021/01/buslinesJan2021.zip
https://oseth.com.gr/wp-content/uploads/2021/01/buslinesJan2021.zip
https://oseth.com.gr/wp-content/uploads/2021/01/busstopsJan2021.zip
https://oseth.com.gr/wp-content/uploads/2021/01/busstopsJan2021.zip
https://oseth.com.gr/wp-content/uploads/2021/01/busstopsJan2021.zip
https://oseth.com.gr/wp-content/uploads/2021/01/busstopsJan2021.zip
https://oseth.com.gr/wp-content/uploads/2021/01/busstopsJan2021.zip
https://oseth.com.gr/wp-content/uploads/2021/01/busstopsJan2021.zip
https://hellastron.imet.gr/tollways/latest.csv
https://hellastron.imet.gr/tollways/latest.csv
https://hellastron.imet.gr/tollways/latest.csv
http://rcm-its.gr/info/
http://rcm-its.gr/info/

TH20

TH21

TH22

TH23

TH24

TH25

TH26

TH27

Traffi

Traffi

Traffi

Traffi

Traffi

Traffi

Traffi

Traffi

from any
traffic
measuring
system)

Traffic
counts
(historical,
from any
traffic
measuring
system)

Traffic
counts
(historical,
from any
traffic
measuring
system)

Traffic
counts
(historical,
from any
traffic
measuring
system)

Traffic
counts
(historical,
from any
traffic
measuring
system)

Traffic
counts
(historical,
from any
traffic
measuring
system)

Traffic
counts
(real-time,
from any
traffic
measuring
system)

Traffic
counts
(real-time,
from any
traffic
measuring
system)

Traffic
counts
(real-time,
from any
traffic
measuring
system)

historical-
link

Speed-
detector-
historical-
link

Occupancy-
detector-
historical-
link

Volume-
detector-
historical

Speed-
detector-
historical

Occupancy-
detector-
historical

Volume-
detector-
realtime-
link

Speed-
detector-
realtime-
link

Occupancy-
detector-
realtime-
link

specific
intersections
across the city of
Thessaloniki (per
road-link)

Speed retrieved
from traffic count
systems before
specific
intersections
across the city of
Thessaloniki (per
road-link)
Occupancy
retrieved from
traffic count
systems before
specific
intersections
across the city of
Thessaloniki (per
road-link)

Flow retrieved
from traffic count
systems before
specific
intersections
across the city of
Thessaloniki (per
detector)

Speed retrieved
from traffic count
systems before
specific
intersections
across the city of
Thessaloniki (per
detector)
Occupancy
retrieved from
traffic count
systems before
specific
intersections
across the city of
Thessaloniki (per
detector)

Flow retrieved
from traffic count
systems before
specific
intersections
across the city of
Thessaloniki (per
road-link)

Speed retrieved
from traffic count
systems before
specific
intersections
across the city of
Thessaloniki (per
road-link)
Occupancy
retrieved from
traffic count
systems before
specific
intersections
across the city of
Thessaloniki (per
road-link)

Historical

Historical

Historical

Historical

Historical

Real-time

Real-time

Real-time
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Urban

Urban

Urban

Urban

Urban

Urban

Urban

Urban

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Greek/
English

Greek/
English

Greek/
English

Greek/
English

Greek/
English

Greek/
English

Greek/
English

Greek/
English

json

json

json

json

json

json

json

json

SYNCHROMODE

Restrict
ed

Restrict
ed

Restrict
ed

Restrict
ed

Restrict
ed

Restrict
ed

Restrict
ed

Restrict
ed

http://rcm- SCAE,SIE
its.gr/info/ MENS.S
WARCO
http://rcm- SCAE,SIE
its.gr/info/ MENS.S
WARCO
http://rcm- SCAE,SIE
its.gr/info/ MENS.S
WARCO
http://rcm- SCAE,SIE
its.gr/info/ MENS.S
'WARCO
http://rcm- SCAE,SIE
its.gr/info/ MENS.S
'WARCO
http://rcm- SCAE,SIE
its.gr/info/ MENS.S
'WARCO
http://rcm- SCAE,SIE
its.gr/info/ MENS.S
WARCO
http://rcm- SCAE,SIE
its.gr/info/ MENS.S
WARCO
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RCM

RCM

RCM

RCM

RCM

RCM

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT


http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/

TH28

TH29

TH30

TH31

TH32

TH33

TH34

TH35

TH36

TH37

TH38

Traffi

Traffi

Traffi

Other

Traffi

Traffi

Traffi

Traffi

Other

Other

Other

Traffic
counts
(real-time,
from any
traffic
measuring
system)

Traffic
counts
(real-time,
from any
traffic
measuring
system)

Traffic
counts
(real-time,
from any
traffic
measuring
system)

Traffic
lights
status
(real-time)

Traffic
lights
status
(real-time)

CITS
message
broadcaste
d (real-
time)

CITS
message
broadcaste
d (real-
time)

Traffic
manageme
nt plans,
incl.
triggers,
targets &

Volume-
detector-
realtime

Speed-
detector-
realtime

Occupancy-
detector-
realtime

GIS
(shapefile)
for the
Thessalonik
inetwork
(detectors)

tle-status

tlc-info

tle-signal-
status

denm-
incidents

location-
event
(historical)
location-
event
(realtime)
Traffic
Manageme
nt Plans
real-time

Flow retrieved
from traffic count
systems before
specific
intersections
across the city of
Thessaloniki (per
detector)

Speed retrieved
from traffic count
systems before
specific
intersections
across the city of
Thessaloniki (per
detector)
Occupancy
retrieved from
traffic count
systems before
specific
intersections
across the city of
Thessaloniki (per
detector)

Base traffic
network of
Thessaloniki,
Greece built on
OSM data. This is
the reference
network for the
detector's dataset
Information about
the operational
status of specific
traffic lights
controllers in the
city of
Thessaloniki
Information about
the current signal
program of
specific traffic
lights controllers
in the city of
Thessaloniki
Information about
the current signal
status of specific
traffic lights
controllers in the
city of
Thessaloniki
C-ITS messages in
real-time about
traffic incidents in
the city of
Thessaloniki
location of event
from tomtom -
historical
location of event
from tomtom -
realtime

Roa

Roa

Roa

Roa

Real-time

Real-time

Real-time

Real-time

Real-time

Real-time

Real-time

Real-time
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Urban

Urban

Urban

Urban

Urban

Urban

Urban

Urban

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Greek/
English

Greek/
English

Greek/
English

Greek/
English

Greek/
English

Greek/
English

Greek/
English

Greek/
English

json

json

json

json

json

other

other

other

SYNCHROMODE

Restrict
ed

Restrict
ed

Restrict
ed

Restrict
ed

Restrict
ed

Restrict
ed

Other

Open

http://rcm-

its.gr/info/

http://rcm-
its.gr/info/

http://rcm-

its.gr/info/

http://rcm-

its.gr/info/

http://rcm-

its.gr/info/

http://rcm-

its.gr/info/

SCAE,SIE
MENS.S
WARCO

SCAE,SIE
MENS.S
WARCO

SCAE,SIE
MENS.S
WARCO

RCM

RCM

CERTH-
HIT

TOMTO
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RCM

RCM

RCM

RCM

RCM

CERTH-

HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT


http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/

TH39

TH40

TH41

TH42

TH43

TH44

TH45

TH46

TH47

TH48

Other

Dema
nd

Dema
nd

Traffi

Traffi

Traffi

Traffi

Traffi

Traffi

Traffi

actions
(real-time)
Traffic
manageme
nt plans,
incl.
triggers,
targets &
actions
(library)
Origin-
Destinatio
n matrices
unimodal

Origin-
Destinatio
n matrices
unimodal

Variable
Message
Signs (real-
time)

Variable
Message
Signs
(library)
Variable
Message
Signs (real-
time)

Speed
(real-time,
from any
traffic
measuring
system)
Speed
(historical,
from any
traffic
measuring
system)
Travel
times
(real-time,
from any
traffic
measuring
system)
Travel
times
(historical,
from any
traffic
measuring
system)

Traffic
Manageme
nt Plans
historical

OD Matrix
for the city
of
Thessalonik
i

OD Matrix
for the city
of
Thessalonik
i

Real Time
Traffic
Informatio
n from
VMS in
Hellastron
network

vms-library

vms-
realtime

speed-
tomtom-
realtime

speed-
tomtom-
historical

traveltimes
-tomtom-
realtime

traveltimes
-tomtom-
historical

0D Matrix for the
city of
Thessaloniki for
2018

0D Matrix for the
city of
Thessaloniki for
2025

Current
information for
drivers from
Variable Message
Signs in Hellastron
network Network
includes Aegean
Motorway, Attiki
Odos, Gefyra,
Egnatia Odos,
Kentriki Odos,
Moreas
Motorway, lonia
Odos, Nea Odos
and Olympia
Odos.

VMS messages in
real-time about
travel times in the
city of
Thessaloniki
Speed in
Thessaloniki,
Greece produced
using TomTom
FCD (Realtime)

Speed in
Thessaloniki,
Greece produced
using TomTom
FCD (Historical)

Traveltimes in
Thessaloniki,
Greece produced
using TomTom
FCD (Realtime)

Traveltimes in
Thessaloniki,
Greece produced
using TomTom
FCD (Historical)

Roa

Roa

Static

Prediction

Real-time

Static

Real-time

Real-time

Historical

Real-time

Historical
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National

Urban

Urban

Urban

Urban

Urban

Urban

Minute-
level

Minute-
level

Second-
level

Second-
level

Second-
level

Second-
level

Greek

Greek

Greek

Greek/
English

Greek/
English

Greek/
English

Greek/
English

Greek/
English

Greek/
English

csv

xlsx

xml

xml

xml

xml

xml

SYNCHROMODE

Restrict
ed

Restrict
ed

Open

Restrict
ed

Restrict
ed

Restrict
ed

Restrict
ed

Restrict
ed

Restrict
ed

CERTH-
HIT

CERTH-
HIT

https://hellastr Hellastr
on.imet.gr/vms on
[latest.csv

http://rem- RCM

its.gr/info/

http://rcm- RCM

its.gr/info/

. TOMTO
M

N TOMTO
M

R TOMTO
M

B TOMTO
M
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CERTH-
HIT

CERTH-
HIT

Hellastr
on

RCM

RCM

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

Cre
ativ

Co
mm

Attri
buti
on
4.0
(cc-

4.0)

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT


https://hellastron.imet.gr/vms/latest.csv
https://hellastron.imet.gr/vms/latest.csv
https://hellastron.imet.gr/vms/latest.csv
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/
http://rcm-its.gr/info/

TH49

TH50

TH51

TH52

TH53

Traffi

Traffi

Other

Other

Suppl

Traffi

Traffi

Dema
nd

Suppl

Dema

nd

Suppl

Other

Dema
nd
Dema
nd

Traffic
counts
(real-time,
from any
traffic
measuring
system)
Traffic
counts
(historical,
from any
traffic
measuring
system)

Floating
Car Data
(raw data,
real time)
Floating
Car Data
(raw data,
real time)
Parking
data (real-
time)

Parking
supply
data

Shared
mobility
useage/de
mand data
On-
demand
mobility
supply
data

Road work
preplanne
d

counts-
tomtom-
realtime

counts-
tomtom-
historical

SUMO
network
for the
Thessalonik
i network
Weather

Thessalonik
inetwork

Mode
choice data

Delay,Queue,Volu
me,Turn ratios

Delay,Queue,Volu
me,Turn ratios

Weather data

Thessaloniki
network

Train Floating Car
Data

Train Floating Car
Data

Available parking
spots from specific
parking stations in
the city of
Thessaloniki
Available parking
spots from specific
parking stations in
the city of
Thessaloniki
Shared vehicles/
scotters and bikes

Shared vehicles/
scotters and bikes

Road work
preplanned

Mode choice data

Freight demand
data

historical and
realtime parking
data

Rail

Rail

Passen
ger

Freight

Passen
ger

Passen
ger

Passen
ger

Passen
ger

Real-time

Historical

Static

Real-time

Real-time

Real-time

Real-time

Real-time

Real-time

Real-time
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Urban

Urban

Urban

Urban

Urban

Urban

Urban

Urban

Urban

Urban

Second-
level

Second-
level

Hourly

Minute-

level

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Minute-
level

Greek/
English

Greek/
English

English

Greek/
English

json

SYNCHROMODE

Restrict
ed

Restrict
ed

Restrict
ed

Open

Restrict
ed

Restrict
ed

TOMTO
M

TOMTO

CERTH-
HIT

CERTH-
HIT

Hellenic
Train

Hellenic
Train
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CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

Hellenic
Train

Hellenic
Train

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT

CERTH-
HIT



