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Executive Summary 
 

Deliverable D3.2, titled “API for Data Harmonisation and Fusion – Version 1”, introduces the 
first version of the SYNCHROMODE Data Exchange Repository platform. This platform 
facilitates the seamless exchange of multimodal transport data between project partners, 
supporting the development of algorithms, methods, and tools under WP3. The deliverable 
includes a detailed presentation of the platform and its functionalities, such as the ability to 
upload new data sources and access existing ones. 
 
The deliverable also outlines the algorithms and computational processes developed within 
WP3, specifically under Tasks 3.1, 3.2, and 3.3. These algorithms address various aspects of 
data quality, mobility pattern analysis, and the identification of bottlenecks and disruptions 
in multimodal transport networks. Initial results from the implementation of these 
algorithms are provided, demonstrating their effectiveness in processing and analysing the 
collected data. 
 
Furthermore, the deliverable details the data inputs, outputs, and the general computational 
flow required to produce meaningful results. These preliminary results will guide the further 
definition of the approaches that will be followed in order to achieve a seamless and 
harmonized exchange of data among the algorithms and modules not only of those that will 
be developed in WP3 but also from those that will be developed under WP4 and WP5. 
 
The contents of this deliverable will be updated in Deliverable D3.3, which will present the 
final version of the input and output data required and produced by each module developed 
in WP3. Additionally, it will include a clear definition of the format for the produced data, 
along with a description of the process for providing this data to both the front-end of the 
SYNCHROMODE Toolbox and any related modules or algorithms that may use it as input. 
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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 aims to provide information about the repository already developed within the 
project, which facilitates seamless data exchange between all involved partners, as well as the 
methods, algorithms, and tools that will be developed. Specifically, a detailed presentation of the 
SYNCHROMODE Data Exchange Repository platform (https://data.synchromode.eu/) will be 
provided, along with an overview of all available data sources accessible through this platform. 
Moreover, a detailed manual on how to access the platform, upload new data sources, and access 
existing ones will be included in the deliverable. Additionally, a list of all developments taking place 
under Work Package 3 (WP3), specifically under Task 3.1 “Data Gathering and Assessment”, Task 
3.2 “Analysis and Reconstruction of Mobility Patterns”, and Task 3.3 “Identification and 
Characterization of Bottlenecks and Disruptions in Multimodal Networks” of the SYNCHROMODE 
project, will be presented. Furthermore, a detailed description of each development will be 
provided, including data requirements and a list of all data produced by each development. Finally, 
the computational process (flow) to achieve the goals of each development will be described, along 
with a demonstration and explanation of the initial results produced by each development. 

1.3 Intended audience 

The dissemination level of Deliverable D3.2 is sensitive, and the document is distributed internally 
within the project’s consortium. The deliverable aims to introduce the SYNCHROMODE Data 
Exchange Repository platform along with the related documentation. Additionally, it aims to define 
each development, including data inputs, data outputs, the computational process (flow), and their 
initial results. The intended readership consists of the members of the SYNCHROMODE consortium 
and the EC’s project officer. 

1.4 Document structure 

This deliverable has the following structure: 

• Introduction 

https://data.synchromode.eu/
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• SYNCHROMODE Data Exchange Repository 

• Algorithms, methods, and tools to be developed under WP3 

• Initial results of the algorithms, methods, and tools  

• Conclusions 

1.5 Interrelations 

Deliverable D3.2, “API for Data Harmonisation and Fusion – Version 1”, is part of WP3. Due to its 
nature, this deliverable constitutes the first version of both the SYNCHROMODE Data Exchange 
Repository platform, and the initial results produced by the identified algorithms, methods, and 
tools developed under WP3. The content of this deliverable will be updated in Deliverable D3.3, 
“API for Data Harmonisation and Fusion – Final Version 2”. 
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2 SYNCHROMODE data exchange platform 
2.1 Platform description 

In the SYNCHROMODE project, it was essential to develop a data repository platform where all 
available datasets for each case study could be uploaded. We evaluated various data management 
and sharing solutions, ranging from commercial (paid) options to open-source (free) ones, and 
ultimately decided to use the CKAN platform as the foundation for the SYNCHROMODE data 
exchange repository. 
 
In generally aspect, CKAN is a robust, open-source platform designed specifically for managing and 
sharing datasets. It allows organizations to publish data in a structured, searchable format, making 
it easily accessible to a wide range of users, from developers and researchers to journalists and the 
public. CKAN supports various data formats and offers tools for visualizing data through maps, 
graphs, and tables. By providing an intuitive web interface and a powerful API, CKAN facilitates the 
seamless integration of data with other systems and encourages collaboration across different 
sectors. Its flexibility and scalability make it ideal for governments, research institutions, and any 
organization that handles large volumes of data. 
 
In our case, we structured the SYNCHROMODE data exchange repository, available at 
https://data.synchromode.eu, in this way to meet the specific requirements of the SYNCHROMODE 
project. As shown in the image below, the main page of the SYNCHROMODE data exchange 
repository includes general information, along with buttons for datasets, organizations, and groups. 
Each partner in the project has its own organization within the platform, where the responsible 
partner can upload their datasets. 
 

 
Figure 1: Landing page of the SYNCHROMODE Data Exchange Repository 

https://data.synchromode.eu/
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To date, a total of 72 real-time or static datasets have been uploaded to the repository. Each 
organization within the platform has the flexibility to either upload data directly or provide a link to 
the dataset. So far, six organizations have actively contributed their datasets to the platform, with 
the following breakdown: ARRIVA has uploaded 8 datasets, BE-MOBILE has contributed 6 datasets, 
CERTH-HIT has provided 31 datasets, NOMMON has uploaded 9 datasets, CITYLOGIN has 
contributed 1 dataset, and MAPtm has provided 18 datasets. 
 

  
Figure 2: List of available datasets within the Data Exchange Repository as well as number of datasets available per partner 

It is important to highlight that the SYNCHROMODE data exchange repository operates with both 
Dataset Access Levels and User Roles. Firstly, datasets are classified as either public or private. Public 
datasets are available to all users and can be accessed by anyone visiting the repository. However, 
in the case of the SYNCHROMODE repository, all datasets have been designated as private. This 
means that access is restricted to logged-in users who belong to the organization that owns the 
dataset, ensuring confidentiality and limiting access to authorized members only. 
 
Secondly, CKAN defines three default user roles within organizations: Member, who can view 
private datasets; Editor, who can edit and publish datasets; and Admin, who can manage 
organization members, including adding or changing their roles. Within the SYNCHROMODE Data 
Exchange Repository, all users are granted the role of “Editor” in their respective organizations, 
allowing them to add, edit, or delete datasets. Additionally, they hold the “Member” role in other 
organizations, enabling them to view private datasets shared by other project partners. This dual-
role structure encourages both collaboration and secure data management. Specifically, in the 
SYNCHROMODE data exchange platform, there are 72 users in total. 
 
The manual for using the SYNCHROMODE Data Exchange Repository platform is located in Annex I 
– User Manual of the SYNCHROMODE Data Exchange Repository platform of this deliverable. This 
user manual has already been prepared and shared with the consortium partners. 
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2.2 Catalogue with the available datasets 

In this section, the names of the different datasets that each organization/partner has already 
uploaded to the SYNCHOMODE Data Exchange Repository platform are shown in detail in the 
following table (Table 1). 
 

Table 1: Data catalogue with the available datasets per partner 

Organization Datasets 

ARRIVA NL 

Ticketsales Keukenhof 2019 
2023 Operational PuT TRIP-& TRANSACTION DATA Dunebulb Region Beaches 
230401 tm 230831 
2023 Public timetables PuT Dunebulb region Beaches  

2023 Operational PuT TRIP- & TRANSACTION DATA Keukenhof 
2024 Public timetables Arriva Dunebulb Region 
2024 Operational PuT TRIP & TRANSACTION DATA Keukenhof 
2024 Operational PuT TRIP SEGMENT & TRANSACTION data NL Dunebulb region 
2023 Operational PuT TRIP SEGMENT & TRANSACTION data NL Dunebulb region 
230401 tm 230831 

BE-MOBILE 

Traffic_events_sample_PZH  

Basemap_2024_PZH 

Raw FCD sample PZH 

Basemap_2023_PZH 
FCD trips sample 
FCD on Access Route Beach 

CERTH-HIT 

itravel-detections 

itravel-traveltimes 

itravel-paths 

itravel-devices 

fcd_gps 
fcd-gps-historical  

network-speed 
network-congestion 
Traffic Data from Toll Stations in Hellastron network  

buslinesJan2021  

busstopsJan2021  

Real Time Traffic Information from VMS in Hellastron Network 
Thessaloniki-main-1 
Thessaloniki-main-2 

Thessaloniki-main-3 

itravel-traveltimes-historical 
fcd-traveltimes-historical 

fcd-traveltimes  

https://data.synchromode.eu/dataset/public-timetables-pt-dunebulb-region-beaches
https://data.synchromode.eu/dataset/traffic_events_sample_pzh
https://data.synchromode.eu/dataset/basemap_2024_pzh_new
https://data.synchromode.eu/dataset/raw_fcd_sample_pzh
https://data.synchromode.eu/dataset/itravel-traveltimes
https://data.synchromode.eu/dataset/itravel-traveltimes
https://data.synchromode.eu/dataset/itravel-paths
https://data.synchromode.eu/dataset/itravel-devices
https://data.synchromode.eu/dataset/fcd-gps-historical
https://data.synchromode.eu/dataset/traffic-data-from-toll-stations-in-hellastron-network
https://data.synchromode.eu/dataset/buslinesjan2021
https://data.synchromode.eu/dataset/busstopsjan2021
https://data.synchromode.eu/dataset/thessaloniki-main-1
https://data.synchromode.eu/dataset/thessaloniki-main-1
https://data.synchromode.eu/dataset/fcd-traveltimes-historical
https://data.synchromode.eu/dataset/fcd-traveltimes
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C-ITS message broadcasted (real-time) - Traffic Light Signal Status in Thessaloniki 
C-ITS message broadcasted (real-time)-Thessaloniki DENM Incidents 
Realtime Traffic Management Plans (TMP)  

Real-time information about traffic events in the city of Thessaloniki 
network-speed-historical 
hit-osm-base-network 
osm-skg 
Delay, Queue, Volume, Turn ratios for specific intersection in Thessaloniki 
Real - Time Traffic counts per link in the city of Thessaloniki 
Real - Time Traffic signal status in the city of Thessaloniki 
Real - Time Traffic counts per detector in the city of Thessaloniki 

NOMMON 

Land Use - Shapefile (Madrid)  

Land Use - Square Cell (Spain) 
E-commerce Survey (Spain) 
Population Census Data (Madrid) 
Weather Data AEMET API (Spain) 
Madrid interurban bus schedules 
Logistic consolidation centers 
Shared Mobility Vehicle Dataset - Madrid 
Household Travel Survey - Madrid 2018 

CITYLOGIN Freight Last Mile activity Citylogin Madrid Region November 2023  

MAPTM 

Traffic speed Netherlands NDW 
Parking data Netherlands Technolution 
Variable Message Signs Netherlands Technolution 
Parking data Netherlands NPR 
Road works Netherlands NDW 
Incidents Netherlands NDW 
Travel times Netherlands NDW 
Variable Message Signs Netherlands NDW 
Bridge openings Netherlands NDW 
Road works Netherlands NDW Melvin 
Weather Netherlands KNMI 
Public holidays Netherlands 
School holidays 
MSI Highways Netherlands NDW 
Traffic counts Netherlands NDW (real-time) 
Traffic counts and speeds Netherlands NDW (historical) 
Bicycle counts Netherlands NDW (historical) 
Traffic Management scenarios Keukenhof 

 
  

https://data.synchromode.eu/dataset/realtime-traffic-management-plans-tlc
https://data.synchromode.eu/dataset/land-use-shapefile-madrid
https://data.synchromode.eu/dataset/freight-last-mile-activity
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3 Modules to be developed under WP3 
 
The aim of this section is to provide an initial presentation of the algorithms and modules being 
developed within WP3, “Data Gathering, Fusion, and Analysis”, as part of the project, as well as their 
objectives and the problems they aim to solve. Furthermore, this section will detail the required 
input data, along with the data and results generated by the developed algorithms. A more 
comprehensive definition of all algorithms and modules, will be provided in the deliverables “D3.4: 
Methodologies and Algorithms for Mobility Patterns Reconstruction and Identification of 
Bottlenecks and Disruptions - Version 1” and “D3.5: Methodologies and Algorithms for Mobility 
Patterns Reconstruction and Identification of Bottlenecks and Disruptions - Final Version 2”. 

3.1 Catalogue with the algorithms to be developed 

The following table (Table 2) provides an overview of the algorithms and modules being developed 
within WP3, “Data Gathering, Fusion, and Analysis”. Each module is listed alongside the leader/ 
responsible partner for its development, its status, and its connection to the three tasks of WP3: 
Task 3.1 “Data Gathering and Assessment”, Task 3.2 “Analysis and Reconstruction of Mobility 
Patterns”, and Task 3.3 “Identification and Characterization of Bottlenecks and Disruptions in 
Multimodal Networks”. 
 

Table 2: Modules to be developed under WP3, with information about the leading partner, task relation, and status 

Module Title 
Module leading 

partner 
Task 

relation 
Status 

Data quality: Assessment CERTH Task 3.1 In progress 

Data quality: Imputation of Missing and 
Erroneous Data 

CERTH Task 3.2 In progress 

Trajectories analytics CERTH Task 3.2 In progress 

Logistics delivery demand estimation & Service 
time estimation for logistics deliveries 

NOMMON/ 
DEUSTO 

Task 3.2 In progress 

OD matrix similarity metrics for special event 
characterization & Special event prediction 

DEUSTO Task 3.2 In progress 

PuT Service KPIs NOMMON/ CERTH Task 3.2 In progress 

Roadworks effect BE-MOBILE Task 3.2 In progress 

DRT demand estimation NOMMON Task 3.2 In progress 

Identification and characterization of 
bottlenecks and disruptions 

NOMMON Task 3.3 In progress 

 
Based on the information provided in Table 2, it is clear that all the modules and their algorithms 
are still in progress at the time of preparing and submitting this deliverable. Some modules and 
algorithms require fine-tuning, while others need further development. The final versions of these 
modules and their algorithms, along with their results, will be presented in detail in deliverables 
D3.4 “Methodologies and Algorithms for mobility patterns reconstruction and identification of 
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bottle necks and disruptions - version 1” and D3.5 “Methodologies and Algorithms for mobility 
patterns reconstruction and identification of bottle necks and disruptions - final version 2”. 

3.2 Definition of algorithms and modules under Task 3.1 

3.2.1 Data quality: Assessment 

The objective of this module is to assess the quality of multi-modal and multi-source data across 
various quality dimensions, including completeness, validity, accuracy, timeliness, and coverage, 
using defined measures such as RMSE (Root Mean Square Error) and MAPE (Mean Absolute 
Percentage Error). The data quality assessment can be performed at different levels (e.g., individual 
counter/detector, approach, intersection, etc.). Pre-configured and user-configurable threshold 
values for each measure will help highlight the quality of the data and assist in identifying potential 
sources of data issues. This module aims to ensure that the data from the three case studies are 
accurately evaluated, and they are reliable for further analysis and use within the rest of the 
project’s modules and developments. 
 
For achieving the objectives of the “Data quality: Assessment” module, the following four (4) steps 
have been defined: 

1. Completion of data collection related to each case study: Collection of all necessary data 
from the sources relevant to each of the three case studies. 

2. Identify the data needs of each case study: Determine the specific data requirements for 
each case study, including the types of data. 

3. Definition of the data quality methodology: Identify the theoretical framework that will be 
followed to assess the data, including the definitions, formulas, and the minimum 
requirements for each data quality dimension. 

4. Implementation of the data quality methodology for the three case studies: Apply the 
defined methodology to evaluate the data collected for each case study, ensuring that the 
data meets the required quality standards and identifying any areas where data quality 
issues may exist. 

 
The first three steps of the methodology defined, have been extensively presented and described 
in Deliverable “D3.1 - Data Requirements and Inventory” and specifically in section 4 titled “Data 
quality assessment methodology”. However, it is relevant to include also in this deliverable the 
following table (Table 3), which captures the key aspects of the data quality methodology. The data 
quality dimensions of “Timeliness” and “Accessibility” are marked in grey within Table 3 as they are 
related to the system’s performance and usability rather than to intrinsic data and their quality. 
 

Table 3: Data quality assessment dimensions 

Data Quality 
Dimensions 

Definition Formula Comments 
Minimum 
Requirements 

Completeness 

Completeness 
data quality 
dimension 
expresses the 
degree to which 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒 (%)

=  
𝑛𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑣𝑎𝑙𝑢𝑒𝑠

𝑛𝑡𝑜𝑡𝑎𝑙 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑
× 100 

Completeness can refer 
to both the temporal 
and spatial aspects of 
data quality, in the 
sense that 

Number of 

Expected 
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the number of 
retrieved values 
from a specific 
measurement 
system is equal 
to the number of 
the expected 
values 

completeness 
measures how much 
data is available 
compared to how 
much data should be 
available 

values or Time 

interval  

Number of 

received values 

 

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 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑉𝑎𝑙𝑖𝑑 (%)

=  
𝑛𝑣𝑎𝑙𝑖𝑑
𝑛𝑡𝑜𝑡𝑎𝑙

× 100 

Specific validity criteria 

have to be defined for 

each data category. For 

example: 

• Dual loops controller 

error codes (e.g., -1, 

255, etc.) 

• Check for duplicate 

records  

• If VOL>0 & SPD=0 

then invalid 

• If VOL=0 & SPD>0 

then invalid 

• If VOL=SPD=0 & 

OCC>0 then invalid 

• If VOL=OCC=SPD=0, 
then set 
SPD=missing/null 

Specific validity 

criteria / 

thresholds 

Accuracy 

Accuracy is the 
measure or 
degree by which 
a data value or 
set of values 
corresponds to a 
presumed 
correct source. 

Mean absolute percent error 

(MAPE)  

Signed percent error  

Root mean squared error 
(RMSE) 

Need for 2 datasets: 

1) ground truth 

dataset 

2) to be assessed 

dataset 

Need for 2 

datasets: 

1) ground 

truth 

dataset  

2) to be 

assessed 

dataset 

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 

Specific validity 

criteria / 

thresholds 
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Timeliness 

Timeliness data 
quality 
dimension 
defines the 
degree to which 
the data values 
or a set of values 
are received at 
the expected/ 
specified time. 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑇𝑖𝑚𝑒𝑙𝑦 𝐷𝑎𝑡𝑎 (%)

=  
𝑛𝑜𝑛−𝑡𝑖𝑚𝑒

𝑛𝑡𝑜𝑡𝑎𝑙
× 100 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑒𝑙𝑎𝑦 𝑓𝑜𝑟 𝐿𝑎𝑡𝑒 𝐷𝑎𝑡𝑎

=  (
1

𝑛𝑙𝑎𝑡𝑒
)

× (∑(𝑡𝑙𝑎𝑡𝑒)

− (𝑡𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑)) 

It’s more related to 
system quality  

 

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. 

 
It’s more related to 
system quality  

 

 
As far as it concerns the 4th step of the methodology followed for the development of the “Data 
quality: Assessment” module, our focus is on developing a generic approach to handle and compute 
the above metrics across different datasets. For static data, the formulas can be calculated once, 
but for real-time data, these need to be applied continuously over time. To achieve this, we have 
taken several steps, which are described below. 
 
We have imported the data into a PostgreSQL database. Since the different datasets currently have 
varying formats and structures – although the goal is to achieve uniformity – we created view tables 
that include the essential requirements with the necessary format transformations for each data 
quality dimension. Subsequently, we developed functions that take time ranges and the data from 
these view tables as arguments to calculate the corresponding dimensions. 
 
For example, to calculate the completeness of a loop detector dataset, we need to identify the 
minimum requirements, which are: a) the total expected values or the time interval (to find the total 
expected values), b) the received values, and c) the timestamps. Additionally, we need to know the 
provider’s name to calculate the completeness dimension at the provider level. With all this 
information, the next step is to create the appropriate view tables. If the dataset provides 
information and data in real-time, two tables are required: the first one contains static information 
(to reduce computation time and make related queries more efficient, thus improving the 
algorithm’s performance), and the second one contains the actual real-time data. In practice, the 
first table serves as a reference for the second table. The final step is to apply the related function 
to this view for the specific period we want to analyse. 
 
The design and development of the “Data Quality: Assessment” module enable the use of APIs to 
extract data and feed corresponding visualizations in real time, as needed. 
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In practice, the input data for this development consist of the datasets identified by the partners for 
assessment, as defined in deliverable “D3.1 Data Requirements and Inventory”. These selected 
datasets are expected to meet the minimum requirements outlined in the same deliverable. 
However, as the module is still under development, the list of datasets for assessment is 
continuously evolving. This is due to some datasets not meeting the necessary requirements or 
difficulties in appropriately defining those requirements, given the nature of the latter. 

3.3 Definition of algorithms and modules under Task 3.2 

3.3.1 Data quality: Imputation of Missing and Erroneous Data 

The purpose of the “Data Quality: Imputation of Missing and Erroneous Data” module is to correct 
and complete data flagged as either missing or erroneous by the “Data Quality: Assessment” 
module, using appropriate imputation methodologies. Traffic data is often incomplete due to 
factors such as equipment malfunctions or transmission issues, and imputation addresses these 
missing or invalid data points to ensure the continuity of the dataset, which is crucial for accurate 
analysis and modelling. An observation is considered missing if it does not arrive at the expected 
timestamp, based on the known frequency of data recording. The ultimate goal of this process, 
beyond the cooperation between the two modules, is to enhance the quality of data used by Traffic 
Management Centres (TMCs), thus enabling more informed and precise decision-making processes. 
 
The methodology followed depends on the extent of the data gaps, whether due to missing values 
or values that have been flagged as erroneous or invalid. Specifically, it varies based on whether 
there are large missing intervals or scattered missing values within otherwise complete data. The 
flowchart presented in Figure 3 outlines the decision-making process for handling those gaps. For 
each instance of missing or invalid data, the logic in the flowchart is applied, ensuring that both large 
and small gaps are addressed appropriately using either historical data or a pretrained 
Spatiotemporal  Graph Convolutional Network (STGCN) model respectively. 
 
The input data for this module consist of the results generated by the “Data Quality: Assessment” 
module. These results include datasets where values have been flagged as either missing, 
erroneous, or invalid based on predefined quality metrics and validation checks. The flagged values 
represent data points that do not meet the expected standards, such as gaps in the data due to 
missing timestamps or inconsistencies caused by equipment malfunctions or transmission errors. 
These flagged values serve as the foundation for the imputation process, which aims to correct and 
complete the dataset for accurate and reliable analysis. 
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Figure 3 Flowchart Illustrating the Dual Imputation Strategies 

The output data of the “Data Quality: Imputation of Missing and Erroneous Data” module consist of 
the corrected and completed datasets, where previously flagged missing, erroneous, or invalid 
values have been imputed using appropriate methodologies. These output datasets are now 
continuous and reliable, having addressed any gaps or inconsistencies identified by the “Data 
Quality: Assessment” module. 

3.3.2 Trajectories analytics 

The “Trajectories Analytics” module processes raw Floating Car Data (FCD) to generate map-
matched vehicle trajectories, enabling a detailed analysis of traffic patterns. By providing insights at 
both the link and intersection levels, this module supports two critical analyses: 1) traffic pattern 
analysis at the link level, identifying trips that traverse a specific link, including the number and 
percentage of incoming and outgoing trips as well as insights on the links used to reach the selected 
link(s) and the links of the network that followed afterwards, and 2) intersection-level analysis, 
detailing turning volumes and proportions at both signalized and non-signalized intersections. The 
primary objective of this module is to enhance the granularity of information available to Traffic 
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Management Centres (TMCs), thereby improving the accuracy and effectiveness of traffic 
management plans. 
 
This module requires two key types of input data: the network data and the raw a FCD, as previously 
mentioned. With the network data in place, the module can implement the developed map-
matching methodology to generate the necessary vehicle trajectories. These trajectories serve as 
the foundation for the detailed analyses outlined above, enabling comprehensive traffic pattern 
analysis at both the link and intersection levels, which is essential for supporting Traffic 
Management Centres (TMCs). 
 
To accurately analyse traffic patterns and vehicle trajectories, the “Trajectories Analytics” module 
requires a well-structured road network and a robust system for processing vehicle data. The 
process begins with setting up a base network using OpenStreetMap (OSM) data, which serves as 
the foundation for the map-matching algorithm. Following this, raw GPS data from vehicles is 
processed through a series of specialized tools to align trajectories with the road network. By 
combining advanced geospatial tools like OSRM and pgRouting within a powerful database 
management system, this module ensures that both the road network and vehicle trajectories are 
accurately represented. This setup is critical for providing Traffic Management Centres (TMCs) with 
the detailed, high-quality data needed to improve traffic management strategies and operations. 
 

 
Figure 4: Process to set up the network and the database. 

The setup of the base network, fundamental for the “Trajectories Analytics” module, begins with 
the download of OpenStreetMap (OSM) data, a comprehensive geographic database. This raw OSM 
data undergoes a conversion using specialized tools to make it suitable for use in geospatial 
applications. Following this, the osm2pgrouting tool is used to import the processed OSM data into 
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a PostgreSQL database, which is further enhanced with PostGIS and pgRouting extensions. This 
setup provides a robust spatial database system that supports advanced routing and geospatial 
analysis capabilities. Osmosis is then employed to refine the data structure by extracting and 
importing schema files into the database. Finally, additional SQL scripts are executed to ensure the 
database is fully optimized for querying and processing road network information, enabling 
accurate and efficient map-matching for the trajectories analytics. This process is depicted in Figure 
4 above. 
 

 
Figure 5: Flowchart for the calculation of the vehicle trajectories from FCD. 

The “Trajectories Analytics” module utilizes advanced mapping and routing techniques to accurately 
align vehicle trajectories with the road network (Figure 5). By converting raw geographical data into 
an optimized network graph, the module is able to match noisy or inaccurate GPS data to the most 
likely road segments. This process ensures precision in trajectory mapping, addressing common 
inaccuracies caused by factors such as signal loss or environmental interference. 
 
The algorithm follows a structured approach: it begins by retrieving stored trajectory data, which is 
then broken down into an array of geographic points. These points are matched to the road 
network, and in cases where trajectories exceed a certain limit, the process is conducted in multiple 
stages, with results merged to form a complete map of the trajectory. The matched data, including 
road segment identifiers and corrected geographic points, is used to refine the trajectories. 
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To further enhance accuracy, a routing function is applied to the matched points, refining the path 
by identifying key points along the road network. The most accurate route is then calculated and 
stored, providing Traffic Management Centers (TMCs) with the necessary data to improve traffic 
analysis and management. 

3.3.3 Logistics delivery demand estimation & Service time estimation for logistics 
deliveries 

Estimation of last-mile delivery demand 
 
The objective of this development is the reconstruction and characterisation of last-mile delivery 
flows to generate the last-mile delivery demand in a region from the fusion of heterogenous data 
sources. For that, a longitudinal behavioural analysis on mobility patterns extracted from mobile 
network data (MND), enriched with GPS data from last-mile delivery trips, is performed. 
 
For this development, the following data are used:  

• Last-mile delivery trips data, provided by Citylogin. The data provided contain information 
of the delivery itineraries of a complete month (November 2023) for the Madrid region, 
including the vehicle id, longitude, latitude, and time stamp of each delivery, parcel type and 
dimensions, and delivery time window. This data source only contains the position and the 
time stamp at which a delivery was performed.  

• Mobile network data (MND), provided by one of the largest telecom companies in Spain. 
This data source contains mobile phone Call Detail Records (CDRs) and probes data at 
antenna level of the company’s users, sociodemographic information (age, gender, 
nationality), and the antenna network. The antenna network is used to tile the region into 
the coverage areas of each antenna, which we will call Voronoi tessellation. In this way, 
these data allow the location of the users at Voronoi level. 

• Points of interest (POIs). These data are generated by Nommon for this development and 
provide the location of logistic and delivery hubs in Madrid. 

 
The methodology is based on two hypotheses: 

1. GPS data for delivery trips provide rich information on the typical mobility patterns of last 
mile delivery trips. 

2. MND are a good base for the reconstruction of mobility patterns for large sample sizes and 
could be extrapolated to the total mobility. This hypothesis is supported by several research 
and commercial projects. 

 
Based on these hypotheses the methodology consists of i) extraction of mobility patterns based on 
trip features from the last-mile delivery trip data provided; and ii) identification of the relevant 
mobility patters in the activity-travel diaries obtained from MND using Nommon proprietary 
solution to identify those users whose activity-travel diaries match the obtained patterns. These 
users are considered last-mile delivery drivers. 
 
Specifically, the methodology consists of the following steps (Figure 6): 



 

D3.2: API for data harmonisation and fusion - version 1 Page 29 of 80 

Copyright © 2023 by SYNCHROMODE 

 

1. Last-mile delivery mobility patterns extraction. The first step comprises the extraction of 
last-mile delivery mobility patterns from the last-mile delivery trips data provided by 
Citylogin. This process is made in three steps: 

1.1. Projection of last-mile delivery GPS traces to synthetic MND traces. This is made in 2 
steps: i) Trip route between deliveries is generated using OSRM, and ii) Synthetic 
MND registers are generated, over the route, and assigned to the last mile delivery 
trip using the observed frequency distribution between consecutive registers of the 
real MND. This way, the last-mile delivery trips data are converted into MND-like 
data. 

1.2. Feature identification in synthetic MND traces. Features characterising a typical 
logistic trip are identified and computed. These features include, among others, 
average travel distance, radius of gyration, average and maximum time in each zone, 
of a predefined zoning system, and average travel time in the day. 

1.3. Pattern extraction and characterisation. Finally, using the features computed in the 
previous step, the mobility patterns are extracted. For that, the K-means clustering 
classification algorithm is used. Once the clusters are obtained, they are analysed and 
compared based on the distribution of the trip features in each cluster. This 
information is used to characterise them. Also, for each pattern, confident intervals 
for each feature are defined. 

 

2. Delivery trips assignment with MND. This step covers the identification of typical last-mile 
delivery patterns in real MND activity-mobility diaries. For that, the patterns obtained in step 
1 are crossed with the activity-travel diaries obtained from MND following this process: 

2.1. Selection of those users with activities near a logistic centre. The first condition for a 
MND user to be a last-mile delivery driver is to be near a logistic centre at least once 
in the day. 

2.2. Extraction of relevant features. For those users selected in step 2.1, the same 
features identified in step 1.2 are computed using their records 10 hours before and 
after a first record in a logistic centre (as a proxy of the working hours). 

2.3. Patterns comparison. Extracted patterns from MND are compared with the ones 
obtained with the last-mile delivery data. From this comparison, the users that 
display different patterns than those obtained with the last-mile delivery data are 
discarded.  

2.4. Extraction of activity-mobility patterns. With these features, and using the K-means 
clustering classification algorithm, different mobility patterns are extracted from the 
activity-travel diaries. These patterns are compared with the ones obtained with the 
last-mile delivery data. From this comparison, the clusters that display different 
patterns than those obtained with the last-mile delivery data are discarded.  

2.5. Identification of the logistic users. For those MND users belonging to non-discarded 
clusters, their trip features are crossed with the confident intervals defined in step 
1.3 for the last-mile delivery data patterns. From this crossing, the logistics users are 
identified. It is important to highlight here that, after this process, all the potential 
logistics users of the region are identified (not only those of operators in Citylogin). 

 



 

D3.2: API for data harmonisation and fusion - version 1 Page 30 of 80 

Copyright © 2023 by SYNCHROMODE 

 

This methodology allows an accurate characterisation of the last-mile delivery flows in the Madrid 
region using just a sample of delivery trip data provided by one logistic operator (Citylogin). Detailed 
mobility patterns information, in this case obtained from MND, enables the extrapolation of delivery 
trips data from one logistic operator to the entire logistic sector, as well as the extension of these 
data from a specific region to other areas with similar characteristics. 
 

 
Figure 6: Methodological steps for the logistic delivery demand estimation development. 

Estimation of service times for last-mile delivery 
 
Apart from estimating demand, another crucial aspect for the appropriate modelling of last-mile 
logistic services is the estimation of service time. This includes the time that the delivery person 
spent parking, walking from the vehicle to the delivery address, delivering or picking up the parcel, 
and returning to the vehicle after he/she reaches a specific delivery point. This aspect is crucial 
because it provides a more accurate estimation of delivery route durations. 

The duration of delivery routes can be divided into four main segments: preparation and loading 
time, travel time, service time, and unloading and check-out time. The first and last segments are 
relatively easy to estimate, as they primarily depend on the number of parcels to be delivered. A 
few measurements are usually sufficient to estimate these times accurately. Travel time, on the 
other hand, is more challenging to estimate due to the influence of various factors such as traffic, 
time of day, etc. Fortunately, modern navigation and map tools provide reliable travel time 
estimates.  However, estimating service time is also complex, as it depends on traffic, time of day, 
and the specific processes involved in delivering or picking up parcels. 

Transport Management Systems of logistic companies can be used to estimate service times as they 
collect large volumes of GPS coordinates or addresses and the timestamps in which these deliveries 
occur. This data can be used to estimate service data, as we will show in the next figure (Figure 7). 
 
In SYNCHROMODE, we have extended the methodology previously developed in the PostlowCIT 
project to estimate service times. Concretely, the previous methodology was used to create a 
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dataset that maps different features (the location, time of the day, day of the week, number of 
parcels, etc.) of the deliveries with their respective service times to train a regressor using machine 
learning methods that can estimate this service times for “unseen” deliveries. This regressor will 
then be used by the optimisation methods developed in WP5 to have more accurate estimations of 
service times during modelling process of Freight on Transit services. 
 

 
Figure 7: Service time estimation schema 

3.3.4 OD matrix similarity metrics for special event characterisation & Special 
event prediction 

The objective of this module is to estimate representative OD matrices for particular days or events 
based on characteristics that may affect mobility (e.g., type of day, weather, expected affluence, 
etc.). For this purpose, this module starts from a historical set of OD matrices with daily or hourly 
mobility patterns. Applying an OD matrix similarity measure, it groups the OD matrices around 
clusters. This allows us to observe which days or periods have similar mobility patterns. These 
clusters are then correlated with external factors (e.g., type of day, weather, Keukenhof ticket sales, 
etc.) to understand which factors are associated with each cluster. This would then allow the 
establishment of representative OD matrices for certain types of days with specific characteristics 
in terms of the factors analysed (e.g., sunny weekends, days with a high number of ticket sales, etc.). 
 
The workflow of the module is depicted in Figure 8. This module will receive as input a set of OD 
matrices for a specific period in CSV format and information about external factors (e.g., holidays, 
ticket sales, weather, etc.) also in CSV format. The outcome of this module will be reference or 
prototype OD matrices, also in CSV format, for specific days or events (e.g., a sunny weekend, a day 
with a high number of ticket sales at Keukenhof, a rainy holiday, etc.) 
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Figure 8 Scheme of the workflow for the module on OD matrix similarity metrics for special event characterisation & Special event 

prediction 

Below, we provide a general description of how the OD matrix similarity measure, which is the core 
component of this module, works. Its computation relies on the calculation of the distance between 
rows/columns from each matrix. Let 𝑋, 𝑌 ∈ ℝ𝑛×𝑛 be two 𝑛-dimensional OD matrices. The similarity 
between them, denoted as 𝑆𝑖𝑚(𝑋, 𝑌) ∈ ℝ is calculated based on two metrics: 𝑆𝑖𝑚𝑂(𝑋, 𝑌) ∈ ℝ and 
𝑆𝑖𝑚𝐷(𝑋, 𝑌) ∈ ℝ, which measure the similarity in terms of origins and destinations, respectively. 
The overall similarity is given by: 
 

𝑆𝑖𝑚(𝑋, 𝑌) = 𝑆𝑖𝑚𝑂(𝑋, 𝑌) + 𝑆𝑖𝑚𝐷(𝑋, 𝑌) 
 
The calculation of 𝑆𝑖𝑚𝑂(𝑋, 𝑌) and 𝑆𝑖𝑚𝐷(𝑋, 𝑌) follow similar procedures, differing only in the axis 
of iteration. As shown in Error! Reference source not found., 𝑆𝑖𝑚𝑂(𝑋, 𝑌) is computed by comparing 
the matrices row by row, while 𝑆𝑖𝑚𝐷(𝑋, 𝑌) is determined by comparing them column by column. 
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Figure 9: Computation of the similarity measure row by row when according to origins (left), and column by column when according 

to destinations (right). 

When comparing two OD matrices on either origins or destinations, the similarity measure involves 
comparing the distributions of trips for each row (for origins) or column (for destinations). One of 
the OD matrices is treated as a reference for this comparison. To ensure a symmetrical metric, 

meaning 𝑆𝑖𝑚∗(𝑋, 𝑌) = 𝑆𝑖𝑚∗(𝑌, 𝑋), two measures are defined,  𝑆𝑖𝑚∗
(𝑋)(𝑋, 𝑌) and 𝑆𝑖𝑚∗

(𝑌)(𝑋, 𝑌), 
where 𝑋 and 𝑌 are used as a reference, respectively. The similarity metric is then computed as: 
 

𝑆𝑖𝑚∗(𝑋, 𝑌) = 𝑆𝑖𝑚∗
(𝑋)(𝑋, 𝑌) ⋅ 𝑆𝑖𝑚∗

(𝑌)(𝑋, 𝑌) 

3.3.5 PuT service KPIs 

The “PuT (Public Transport) Service KPIs’ module is designed to evaluate and monitor the 
performance of public transport systems, both in real-time and offline. By analysing key indicators 
such as accessibility, reliability, frequency, and efficiency, this module provides insights into the 
overall quality of public transport services. In real-time, the module processes live data to estimate 
delays and provides traffic management centers with up-to-date information on public transport 
conditions, enabling proactive decision-making. Ultimately, this module aims to improve public 
transport efficiency, enhance passenger experience, and support the integration of traffic 
management measures that prioritize public transport. 
 

MADRID CS 
To achieve effective synchronization between PuT and DRT, it is essential to correctly identify which 
of the existing PuT routes and stops would be better suited for replacement by DRT services. This is 
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precisely the purpose of the “Public Transport Service KPIs” development within Madrid case study: 
to calculate a set of indicators that help determine which fixed PuT stops or stop sequences are best 
suited for substitution by synchronized DRT. 
 
In this case, we are focused on KPIs that help identify sequences of stops at the beginning or end 
of fixed bus lines that could be replaced by DRT (see scheme in Figure 10). A key constraint is that 
these stops or sequences cannot be located in the middle of the bus line, due to the challenges 
associated with synchronizing the fixed bus line and DRT services. 
 

 
Figure 10: Fixed bus – DRT synchronisation scheme example 

For the generation of these KPIs, the following data sources are expected to be used: 

• Transport supply data: 
o Public transport supply data (stops, schedules, routes, etc.) is available through 

public GTFS datasets. 
o Road network supply data is available through OpenStreetMap and other similar 

services (walk times, bike times, car times, etc.). 

• Transport demand data: 
o General mobility demand data, consisting of origin-destination (OD) matrices 

representing the number of trips between each pair of transport zones. These data 
are processed and derived from mobile phone network data. 

o Estimation of mobility demand data by transport mode, which involves adding a 
mode segmentation column to the OD matrix. The transport mode is estimated using 
a combination of mobile phone data, AI, and transport surveys. 

• Context data: 
o Population census: breakdown of population distribution across administrative 

regions from official statistics. 
o Sociodemographic information: Includes data such as age distribution, income levels, 

etc. of each region from official statistics. 
o Land-use data: differentiates residential, commercial, industrial or rural areas. 

 
There are 2 reasons why we consider that the stop sequence of a bus fixed line in a specific area 
may be eligible for replacement and synchronization with DRT: 
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• Areas with poor PuT service: The bus services at these stops are either not frequent enough 
or not sufficiently accessible within their transport zone, but there exists a considerable 
demand for a more personalized PuT service. An area with negligible or non-existent travel 
demand (i.e. an area where nobody lives and nobody wants to go), which currently has no 
PuT service, is appropriately served as it is. To define an area as having poor PuT service, we 
need to quantify its PuT supply and compare it to the potential demand. 

• Areas with inefficient PuT service: The demand for PuT at these stops is very low, and the 
total transport demand is also low, making DRT a more efficient option to meet this demand. 

 
And for each of these 2 reasons, we design a set of indicators: 

• Areas with poor PuT service: Poor PuT service areas are defined as those with low PuT 
supply indicators and high potential demand indicators: 

o PuT supply indicators: may be understood as PuT accessibility and frequency service 
quality indicators. 

▪ SI (supply index): the supply index of a transport zone is defined as the 
average daily number of fixed line services that pass by stops serving the 
zone, weighted by the size of the catchment area of the stop within the zone. 
This information may be pondered by land-use or population density to 
obtain a zone-based indicator. 

o Potential demand indicators: may be understood as “transport needs” indicators.  
▪ Population density: population living in the transport zone. 
▪ Population density of target groups: certain sociodemographic groups are key 

targets for public transport, such as students (or individuals under 25 years 
old), retirees (or individuals over 65 years old), populations below a certain 
income level, etc. The number of individuals in each of these target groups 
within the transport zone is another relevant potential demand indicator. 

• Areas with inefficient PuT service: 
o Demand indicators: existing demand in each transport zone. 

▪ Number of trips: average number of daily trips originated/destinated in the 
transport zone. 

▪ Number of PuT trips: average number of daily trips originated/destinated in 
the transport zone that used public transport. 

 

THESSALONIKI CS 
In the Thessaloniki case study, the primary issue with the public transport service is the 
inconsistency in the estimated time of arrival (ETA) at each bus stop. This means that the actual 
arrival time of a bus can be earlier or later than what is indicated. To address this, we developed a 
methodology to calculate key performance indicators (KPIs) that monitor this inconsistency. 
Specifically, we calculate the average delay at each bus stop and along corridors. 
 
Two datasets are available for this development. The first contains static information about bus 
stops, including the stop name, description, website ID, latitude, and longitude. The second dataset 
provides real-time information for each bus at a specific stop, including the “btime” (ETA), route 
code (actual bus number), and vehicle code (internal bus identification number). 
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The methodology involves several key steps. First, we created database schemas and tables to 
manage both static and real-time data. Then, we implemented a system to capture real-time data 
at one-minute intervals. Finally, we developed a process to calculate and analyse delays at both the 
bus stop and corridor levels. 
 
To efficiently manage this data, we created a dedicated database schema containing two key tables: 
one for static data and the other for real-time data. The static data table serves as a reference for 
the real-time data, ensuring structured and efficient data management. While static data is 
straightforward to upload, real-time data requires preprocessing before it can be effectively stored 
and utilized. 
 
In order to calculate delays, we need both the estimated and actual time of arrival. Since the real-
time data only provides the ETA, we determine the actual time of arrival by identifying when real-
time data is no longer received for a bus at a specific stop, indicating that the bus has already passed. 
 
Currently, we are monitoring 160 bus stops in Thessaloniki, as shown in Figure 11 below. By the end 
of next month (end of November) we expect to receive access for the rest of the bus stops along 
some additional major corridors of the Thessaloniki Case study. 
 

 
Figure 11: Position of bus stops along major corridors of the Thessaloniki Case study. 

3.3.6 Roadworks effect 

In order to investigate the effect on the traffic state of roadworks, we will use the ReFlow tool of 

Be-Mobile. This tool, which is currently in its MVP (minimal viable product) phase, uses a data-driven 

approach based on FCD to allow users to easily, flexibly, and quickly get insights into the impact of 

a future roadwork. With this data-driven approach, ReFlow situates itself between the macro 

models (which can simulate large network areas, but are generally slow) and the micro models 

(which are fast, but only simulate very small network areas). ReFlow is capable of calculating hourly 
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results for a full day, on a network of the scale of a medium-sized city, in about 15 minutes. 

Furthermore, only a very minimal number of assumptions or heuristics are needed to achieve results 

with a high level of detail (i.e., individual trips in the network), which allows us to calculate a large 

amount of detailed KPI’s about the traffic state when the roadwork would be in effect. 

 
In the present phase of the ReFlow product, a redistribution of FCD traces is generated for the area 
around the roadwork. For this, the following data are used: 

• Ways impacted by the roadworks: this is a derivation of the input data from the user: the 
location and nature of the simulated roadworks. In the current development, we have built 
a network editor frontend which allows the user to remove/adapt network links of their 
choice. In theory, this can also be a list with IDs of impacted links. Additionally, the user 
should select the area around the roadwork in which they want to visualize the results (with 
larger areas impacting the calculation time, of course). 

• Historical FCD: for the input time period for which the results need to be generated, a 
corresponding set of historical FCD must be fetched from the internal storage servers of Be-
Mobile. This can be FCD gathered during a set of corresponding type-days for example. 

 
This leads to the output: 

• Redistributed FCD traces. The final output consists of individual FCD trips which represent a 
sample of the real traffic, as it would behave after the roadworks go into effect. This level of 
detail allows us to extract various detailed KPIs about the traffic state, while not needing the 
very long calculation times of most micro models. In the current development version of 
ReFlow, this result is visualized on a map in terms of relative intensities, with a colour scale 
showing the increase (red) or decrease (blue) compared to the historical FCD situation 
before the roadworks were to go into effect (see section 4.2.6). 

3.3.7 DRT demand estimation 

The objective of this development is to produce an estimate of the demand for a transport service 
operating within specific areas (e.g., DRT or CCAM) under a new scenario with different operational 
areas. The target data to be estimated are the trips for an average day under this new scenario, 
including their origin and destination points, as well as their origin and destination times. 
 
For this estimation, the following data are used: 

• Transport demand data: Ideally, the transport demand data used for this estimation should 
come from the same service we are trying to estimate. However, when estimating the 
demand for new innovative transport services such as CCAM, relevant demand data might 
not be available due to the absence of similar services in the study area. In this case, in the 
SYNCHROMODE project, data from FLUCTUO (a carsharing data aggregator) are used as a 
proxy for DRT. 

• Sociodemographic data: Sociodemographic data from the different zones within the 
operational areas is needed for this estimation. This data provides several explanatory 
features that the ML models can use to estimate the transport demand in each area. 
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• Land-use data: Land-use data from the different zones within the operational areas is 
needed for this estimation. This data provides several explanatory features that the ML 
model will use to estimate the transport demand in each area. 

 
Additionally, the estimation requires the following specifications: 

• Current operational zoning (current zones): The current operational zoning has a twofold 
purpose: 

o The total area covered by all the polygons (zones) in the current operational zoning 
shall correspond to the current operational area of the transport service for which 
we have the transport demand data (i.e. the transport service with which we will 
train the model). 

o Each zone in the current operational zoning represents one homogeneous transport 
zone for the model training. The aggregated land-use and sociodemographic 
characteristics of each zone will be considered to train a model that accurately 
predicts the number of trips in the target operational zoning. 

• Target operational zoning (new zones): The target operational zoning has a twofold 
purpose: 

o The total area covered by all the polygons (zones) in the target operational zoning 
shall correspond to the operational area of the target transport service in the new 
scenario (i.e. the transport service whose demand we aim to predict). 

o Each zone in the target operational zoning represents one homogeneous transport 
zone for the model prediction. The aggregated land-use and sociodemographic 
characteristics of each zone will be considered to predict the number of trips in the 
zone. 

 
The methodology to generate the expected results is divided into 6 main steps (Figure 12): 

1. Trip volume regression: a machine learning (ML) model is trained using the transport 
demand within the current operational zoning. The target variable of the model is the 
volume of trips originating in each current zone and destinated to a specific distance range 
from the zone (zone rings). The explanatory features of the model are mainly land-use and 
sociodemographic characteristics of the zone, which we calculate for the current zones in 
order to train the model. After training this model, we calculate these explanatory features 
for the new zones and apply the model to predict the expected volume of trips between 
each new zone and the ring area at a specific distance range. Analogously, another model is 
trained to estimate the volume of trips destinated in each current zone and originated at a 
specific distance range from the zone. 

2. Current zone clustering by hourly profile: a K-means clustering classification algorithm is 
applied, where each register corresponds to a current zone. There are 24 explanatory 
features in this case, each representing the originated demand ratio in each hourly period in 
the day. The originated demand ratio in an hourly period is defined as the average number 
of trips originated in the zone in the hour period divided by the average number of trips 
originated in the zone during the whole day. This groups the zones into clusters based on 
their hourly demand profiles, regardless of the zone’s total trip volume. 
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3. New zone cluster assignment: once clusters have been assigned to each current zone, we 
reach the sociodemographic and land-use variables of each zone again. Then, we obtain 
these same variables for the new zones and build a K-Nearest Neighbours (KNN) model. For 
each new zone, we calculate the K nearest current zones based on sociodemographic and 
land-use characteristics. This allows us to assign each new zone to the cluster that is most 
frequent among its nearest neighbours, or to a combination of frequent clusters. 

4. New zone hourly demand assignment: after assigning each new zone to one or several 
clusters, we calculate an hourly demand profile for each new zone. This is done using the 
average hourly demand profile of the clusters assigned to the zone, weighted by frequency 
among its closest neighbours. These hourly demand ratios are then multiplied by the total 
trip volume estimated by the regression model to obtain the number of trips between each 
zone and their rings for each hourly period. 

5. Zone OD assignment: here we have trips assigned to origin new study zones, but with 
destination in ring zones. We need to assign these trips to a destination at a new study 
zoning level instead of at a ring level. For this, we see which new study zones intersect with 
this ring. Each of these zones will receive some of the destinated trips. We ponder the trips 
by the intersected area ratio with each of these new study zones combined with the total 
destinated trips in the new study zone in the corresponding hourly period. By doing this, we 
obtain a new study zoning-based OD matrix with all the estimated trips. 

6. Trip point and time discretisation: the trips for each new zone origin-destination (OD) pair 
in each hourly period are now discretised. Here, individual trips are generated, with origin 
and destination points and times assigned to each trip. To generate the points, land-use 
weights within the origin and destination zones are considered. Origin times are generated 
using a random uniform distribution within the hour period. Finally, the distance from the 
origin to the destination point is calculated to estimate the trip duration and thus the 
destination time by adding this duration to the origin time. 

 

 
Figure 12: Methodological steps for the DRT demand estimation 
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3.4 Definition of algorithms and modules under Task 3.3 

3.4.1 Identification and characterization of bottlenecks and disruptions 

The goal of this development is to identify the typical situations that lead to bottlenecks and 
disruptions. Through the analysis of traffic data and data from other external sources, such as 
weather or traffic incidents, the methodology will both identify these undesirable traffic conditions 
as well as characterise them. With this information we can gain insights on the causes leading to 
these congestion events and allow for a more accurate and inform prediction of when these events 
will take place. 
 
In order to identify bottlenecks, we need to define them first. We understand a bottleneck to be a 
local phenomenon in both time and space – it refers to a limited region of the road network, at a 
specific moment in time – that causes congestion in a greater section of the road network. In the 
parts of the network that are more “linear”, that is, with few or no intersections, on-ramps and off-
ramps, such as freeways, arterials and mayor roads, a bottleneck can be understood as a choke 
point, with congestion upstream and no congestion downstream. On the other hand, in urban 
sections the network topology is not so linear, and the definition of upstream and downstream is 
not so clear, so a more sophisticated approach is needed. Moreover, recurrent and non-recurrent 
bottlenecks are usually caused by different factors, and care must be put to identify which kind of 
bottleneck it is. 
 
The main data sources for bottleneck identification and characterisation will come from traffic 
sensors, such as loop detectors or Bluetooth sensors, as well as floating car data. These data include 
variables such as: 

• Speed, either at a specific point or for a road segment, will be the main variable used to 
identify congestion. 

• Traffic flow, or the number of vehicles that pass through a certain point per unit of time. 

• Occupancy, related to the traffic density or number of vehicles per unit of road length. 

• Link journey time, the time needed to traverse a defined road segment. 
 
Other data external to the traffic itself will also be studied in order to characterise these traffic 
disruptions, such as weather data (e.g., precipitation), traffic incidents, road works, event data (e.g., 
concerts, sport matches, ...) depending on the available information in the studied area. 
 
The proposed methodology for identify and characterise recurrent bottlenecks will consist of three 
main steps: 

1. Identification of congested road segments. Congestion does not equal a bottleneck, but a 
bottleneck will be the cause of congestion. We can use different definitions for a congested 
segment (which will be explored), but most of them are based on setting a threshold for the 
observed speed. This threshold could be related to the maximum allowed speed, the free 
flow speed, a specific quantile of the speed distribution in a road segment; but also from the 
critical speed derived from a macroscopic fundamental diagram (citation? Yang) and other 
metrics (citation? Hale). Similar thresholds can also be defined for link journey times. 

2. Based on the congested road segments, recurrent bottlenecks are identified. 



 

D3.2: API for data harmonisation and fusion - version 1 Page 41 of 80 

Copyright © 2023 by SYNCHROMODE 

 

a. Where the road network is linear, bottlenecks can easily be identified as those points 
of the network that present congestion upstream and no congestion downstream, 
following a simple binary classification of congested or not. A similar approach would 
be to compute traffic related metrics, such as the delay, and finding segments where 
the delay is statistically significantly larger than in an adjacent downstream location. 

b. If the road network is not linear, a graph-based approach will be explored. Since we 
are considering recurrent bottlenecks and congestion, we will enrich a graph 
representation of the network with a congestion cost. This graph will capture 
correlation or causal relations due to congestion and assign a congestion cost to road 
segments. This cost will take into account both the intensity of the congestion in that 
segment and the congestion that it appears to have caused elsewhere in the 
network. The areas with the higher congestion costs will then be identified as 
bottlenecks, as they are choke points that, if congestion were to be relieved in them, 
would have the greatest positive impact on the network. Several definitions of causal 
or correlation graphs and congestion costs will be explored. 

3. With the recurrent bottlenecks identified, what is left is to characterise them. Based on the 
traffic data available, different metrics, such as their duration, intensity, variability, extent, 
or frequency; road characteristics, and other external variables, will be explored. 
Unsupervised machine learning techniques used on these quantitative metrics will be 
applied to look for hidden relations and commonalities, as well as supervised methods in the 
case that, for example, available information on traffic incidents or accidents is available. 

In the case of non-recurrent disruptions or bottlenecks, we cannot follow the steps described above, 
as most of them are based on the recurrent nature of the bottlenecks to identify them. Our 
proposed approach to identify non-recurrent bottlenecks consists of the following steps: 

1. Detection of traffic anomalies. Simpler approaches try to define thresholds based on past 
observed data in order to detect outliers in the distribution of different variable, such as link 
journey time, speed, traffic density... A more sophisticated option would be to employ 
trained machine learning models that can accurately predict the habitual traffic state and 
thus predict the expected traffic-related variables, even if they refer to congestion or a 
recurrent bottleneck. By adequately comparing these predictions with the actual data, one 
can detect anomalous or unexpected values. 

2. When the detected traffic anomalies refer to congestion events, we must first make sure 
that they are relevant anomalies, that is, that they are persistent in time for a given minimum 
duration. When this is the case, we can follow ideas like those described for recurrent 
bottlenecks to identify the bottleneck points inside the congested area. 

3. Finally, the characterisation of these non-recurrent bottlenecks can follow the same steps 
as the recurrent bottlenecks based on the data and derived metrics. 
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4 Initial results of the developed algorithms 
 
The purpose of this section is to present the initial results produced by the algorithms and modules 
developed under WP3, “Data Gathering, Fusion, and Analysis”, and presented in previous section. 
These results provide a preliminary assessment of the effectiveness and accuracy of the modules 
and their algorithms in solving the identified problems. 

4.1 Initial results of algorithms under Task 3.1 

4.1.1 Data quality: Assessment 

The initial results of the “Data quality: Assessment” module focus on datasets related to the 
Thessaloniki case study. However, as mentioned in the previous section, we use a generic approach, 
so the methodology will also be applied to the datasets from the Madrid and South Holland case 
studies. The final results of the methodology concerning the three case studies will be provided at 
the next version of the deliverable, deliverable “D3.3 APIs for data harmonisation and fusion – Final 
Version 2”. The results can be grouped by the data quality dimensions. 
 
Completeness 
As mentioned in the methodological part of data quality, completeness can be calculated for 
different time intervals and at different levels. For example, it can be calculated per provider, per 
detector, or per intersection. It can also be calculated based on the time resolution of each provider, 
per hour, or per day. 
 
To demonstrate some practical results of this approach, we used a dataset of traffic counts from 
single loop detectors. It is important to note that in Thessaloniki case study, data is sourced from 
three main providers: SCAE, SWARCO, and SIEMENS, each with different time intervals. SWARCO 
provides data every 300 seconds (5 minutes), SIEMENS every 90 seconds (1 and a half minute), and 
SCAE every 60 seconds (1 minute). 
 
In the following figure (Figure 13), the “completeness” for each provider is shown for a specific time 
period between 2024-10-01 and 2024-10-05, relative to the time interval. The diagrams indicate that 
the completeness percentage for “SCAE” provider generally ranges between 78% and 97%, though 
occasional drops to lower values as it may be observed. For “SIEMENS” provider, completeness 
fluctuates between 65% and 77%. In the case of “SWARCO” provider, completeness typically hovers 
around 85%, with frequent dips to around 68%. Besides that, a common problem may be observed 
at the three figures. On 2024-10-02, between 16:00 and 17:00, all three providers reported 0% 
completeness, indicating a general issue related to the server and the communication with the field 
equipment. Thus, enables also the ability to define alerts related to the whole system. 
 
The completeness values are calculated over varying time intervals, meaning that completeness is 
assessed at intervals of 1 minute, 1.5 minutes, or 5 minutes, depending on the provider. Although 
this specific time period was chosen, completeness can also be calculated for other historical periods 
or for real-time data. 
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Figure 13 : Average completeness per provider during days (a. SCAE, b. SIEMENS, c. SWARCO) 
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In Figure 14 the completeness is shown at the intersection level, specifically for the intersection 
named “Κόμβος Νεάπολης (Κ2-Αερογέφυρα)” during the time period from 2024-10-01 to 2024-10-
05. The diagram indicates that the completeness fluctuates mostly between 80% and 100%. 
However, there are times when the completeness drops to 60% or even 0% (probably missed 
communication with the field equipment). 
 
This intersection consists of 5 approaches where single loop detectors have been installed at each 
approach. 100% completeness means that all 5 approaches have values. 80% means that 4 out of 5 
approaches have values, 60% means that 3 out of 5 approaches have values, and 0% means that 
none of the approaches have provided values for the corresponding interval. 
 

 
Figure 14: Average completeness for specific intersection 

In Figure 15, another way of providing information about completeness is shown. Specifically, Figure 
15 captures a part of a table that shows the daily completeness for 20/10/2024 per detector ID. We 
can see the date, the detector ID, which is the unique identifier number, the intersection to which 
each detector belongs, the name of the provider (e.g., SCAE), the expected records, the retrieved 
records, and finally the completeness percentage. 
 

 
Figure 15: Completeness (%) per approach and per intersection in daily basis. 
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Accuracy 
In order to calculate the accuracy of a dataset, we need to define two independent datasets: the 
first one is the ground truth dataset (the data source captures with the highest accuracy and less 
errors the measured items), and the second one is the dataset that we want to assess. 
 
In our case, up to now, we have assessed two datasets in terms of accuracy, as it shows in Table 4. 
 

Table 4: Definition of datasets to be assessed in terms of accuracy. 

General Data Category Ground Truth Dataset Assessed Dataset 

Travel Times 
Travel times values calculated from 
TomTom FCD 

Travel times calculate from BT 
detectors data 

Travel Times 
Travel times values calculated from 
TomTom FCD 

Travel times calculate from taxi 
fleet FCD 

 
The travel times from Bluetooth (BT) detector data and taxi fleet Floating Car Data (FCD) are 
calculated every 15 minutes, while the travel time values from TomTom FCD are calculated every 1 
minute. To ensure consistency in time resolution, we aggregate the TomTom FCD travel times into 
15-minute intervals. 
 
Figure 16 shows a time series comparison of travel times (in seconds) between two data sources: 
TomTom FCD and taxi fleet FCD, for the path “Ippokratio – Voulgari”. The travel times from TomTom 
are represented by the blue line, while the travel times from taxi fleet are represented by the red 
line. The X-axis displays the timestamps over a period from 2024-10-07, to 2024-10-09, while the Y-
axis shows the travel time in seconds (calculated every 15-minutes). The Mean Absolute Percentage 
Error (MAPE) between the two data sources is 15.12%, indicating the degree of deviation between 
the TomTom and the taxi fleet travel time measurements. 
 

 
Figure 16: Travel times (in seconds) calculated from taxi fleet FCD (in red) and from TomTom FCD (in blue) 

Figure 17 shows a time series comparison of travel times (in seconds) between two data sources: 
TomTom and Bluetooth, for the path “Ippokratio – Voulgari”. The travel times from TomTom are 
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represented by the blue line, while the travel times from Bluetooth are represented by the red line. 
The Mean Absolute Percentage Error (MAPE) between the TomTom and Bluetooth travel time 
measurements is 11.01%, indicating a relatively low level of deviation between the two data sets. 
 

 
Figure 17: Travel times (in seconds) calculated from taxi fleet FCD (in red) and from TomTom FCD (in blue) 

Validity 
The term “validity” is related to the degree to which data values from a specific dataset satisfy the 
acceptance requirements of the validation criteria or fall within the respective domain of acceptable 
values. Up to now, we have applied the following criteria regarding to the detector data derived 
from the Thessaloniki case study, flagging them as invalid in our database: 

• if occupancy = 255 
• if occupancy ≤ -1 
• if flow ≤ -1 
• if speed ≤ -1 
• if flow = 0 and occupancy > 0 
• if flow > 0 and occupancy = 0 

 

 
Figure 18: Invalid (%) per detector in daily basis. 
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As with previous data quality dimensions, validity can be calculated at different levels. In the Figure 
18, the invalid counts are shown based on the criteria mentioned above for a specific day. 
Specifically, it indicates the date, the detector_id, the percentage of completeness, and the invalid 
count of the received data. Additionally, it shows the percentage of invalid data per detector_id. 

4.2 Initial results of algorithms under Task 3.2 

4.2.1 Data quality: Imputation of Missing and Erroneous Data 

In this section, we present initial results of the imputation process for traffic counts of the 
Thessaloniki case study. The figure below (Figure 19) displays historical data collected from a single 
traffic detector between September 15, 2023, and September 30, 2023. The data shows clear daily 
seasonality, particularly evident in the flow values, which follow a repeating pattern throughout the 
day. Additionally, gaps in the data are visible, likely caused by detector malfunctions where no 
values were recorded, or invalid values were captured and excluded from the data. 
 

 
Figure 19: Historical data collected from a single traffic detector. The data exhibits clear daily seasonality 

Given the clear daily seasonality in the data, two approaches, as described in section 3.3.1 Data 
quality: Imputation of Missing and Erroneous Data, can be applied to effectively handle both large 
and small gaps. Larger gaps are filled using historical data based on the repeating daily patterns, 
while smaller gaps are addressed using a pretrained Spatiotemporal Graph Convolutional Network 
(STGCN) model. This dual approach allows us to maintain data continuity while minimizing the risk 
of error propagation. 
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The figure (Figure 20) below illustrates the imputed data using these two strategies. This combined 
method ensures that the gaps observed in the original data have been successfully filled, preserving 
the dataset’s continuity and integrity while minimizing the introduction of new errors. 
 

 
Figure 20: Traffic Flow, Speed, and Occupancy Data After Imputation 

4.2.2 Trajectories analytics 

The “Trajectory analytics” module consists of two components, as mentioned in Section 3.3.2 
Trajectories analytics. The first component relates to map-matched vehicle trajectories, while the 
second focuses on trip analysis based on the calculated and map-matched trajectories. 
 
In Figure 21 (a, b, c) some map-matched routes based on data from Thessaloniki are shown. In 
addition, in Figure 22 (a, b) the first image (Figure 22.a) shows the routes formed by connecting the 
positions of a vehicle (points consisted of latitude and longitude values) without map matching, and 
the second image shows the corresponding map-matched route that have been calculated based 
on the presented methodology (Figure 22.b). The Floating Car Data that have been used for Figure 
21 (a, b, c) are derived from the taxi fleet in Thessaloniki, while the FCD used in Figure 22 (a, b) 
derived from BE-MOBILE and are related to the South Holland case study. 
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Figure 21: Map-matched routes from taxi fleet FCD in Thessaloniki case study. 

 
Figure 22: (a) Vehicle positions connected with straight lines, (b) map-matched route based on FCD from Be-Mobile for South 

Holland case study. 

The following figure (Figure 23) presents some preliminary results of the trip analysis based on the 
map-matched trajectories data. At a high level, it shows how many vehicles have passed through a 
specific OSM link during a given time period. For example, in that case depicted in the figure below, 
the OSM link with the id “42973” has been traversed by 937 vehicles within two hours on the 19th 
of November 2023, in Thessaloniki. 
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Figure 23: Results regarding the trip analysis application of the Trajectory analytics module. 

The developed methodology has been already tested and assessed based on FCD from different taxi 
fleets and for different case studies. The results are promising as well as the insights that this 
methodology provides enhances traffic managers with the ability to retrieve information about the 
prevailing traffic patterns as well as the turning proportions along the network. The next step within 
this module is the development of the appropriate interface through which the users of the module 
will receive the results of the methodology as well as will interact with the module and its abilities. 

4.2.3 Logistics delivery demand estimation & Service time estimation for logistics 
deliveries 

Estimation of last-mile delivery demand 
 
The initial results of the algorithm for the identification of last-mile delivery trips are grouped into 
the sequential steps of the development. 
 

1. Last-mile delivery mobility patterns extraction: 
1.1. Projection of last-mile delivery GPS traces to synthetic MND traces. Figure 24 shows 

the comparison of the original last-mile delivery GPS trace (in red) with the synthetic 
MND trace generated using OSRM (in blue). Both traces are projected into the 
Voronoi polygon tessellation. As can be seen, the generated MND-like trace allows 
a more complete analysis of the trip patterns. 
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Figure 24: Comparison of the original delivery itinerary provided by Citylogin (in red) with the synthetic MND trace generated (in 

blue). Both projected to the Voronoi polygon tessellation. 

1.2. Feature identification in synthetic MND traces. Eight trip features were computed:  
travel time (in hours), number of unique Voronoi polygons visited during the route, 
average, maximum, and Q90 time in Voronoi polygon (in hours), radius of gyration 
of the route (in kms), travel distance (in kms), and the ratio between the radius of 
gyration and the travel distance. 

1.3. Pattern extraction and characterisation. Five patterns were obtained in total. Figure 
25 shows the distribution of the features within each pattern. Based on the 
distributions, the patterns can be characterised as: 

• Pattern 0: very short delivery trips with small radius of gyration and medium 
time in Voronoi polygon. These trips correspond to short urban delivery trips.  

• Pattern 1: long delivery trips with large radius of gyration and short time in 
Voronoi polygon. These trips correspond to long interurban delivery trips. 

• Pattern 2: medium delivery trips with medium radius of gyration and short 
time in Voronoi polygon. These trips correspond to short interurban delivery 
trips. 

• Pattern 3: short delivery trips with small radius of gyration and high time in 
Voronoi polygon. These trips correspond to long urban delivery trips. 

• Pattern 4: very long logistic trips with very large radius of gyration. These trips 
correspond to long logistic trips outside the Madrid region. 
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Figure 25: Distribution of the trip features in each of the five patterns obtained. 

2. Delivery trips assignment with MND: 
2.1. Selection of those users with activities near a logistic centre. A total sample of 12844 

MND users was randomly selected for the initial analysis. From this sample, 2892 
users have activity near a logistic centre (22.5% of the total sample). 

2.2. Extraction of relevant features. For those 2892 users, the same features identified 
in step 1.2 were computed. 

2.3. Extraction of activity-mobility patterns. Six patterns were obtained. Figure 26 shows 
the distribution of the features within each pattern (labelled in the x-axis from 0 to 
5) and compares these distributions with the feature distribution in the delivery 
trips data (labelled as del. trips in the x-axis). As can be seen, the cluster displaying 
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a more similar pattern to the one of the delivery trips data is cluster 4. This cluster 
contains 880 users (6.9 % of the total sample). For this first analysis, these are the 
users considered as potential logistics users. 

 
Figure 26: Distribution of the trip features in each pattern of the MND data (labels 0 to 5 in the x-axis), compared with the feature 

distribution in the total set of delivery trips (labelled as del. trips in the x-axis). 

2.4. Identification of the logistic users. For those MND users belonging to cluster 4, a 
more in-depth analysis of their travel patterns was performed to identify which of 
them were compatible with the ones of a last-mile delivery driver. Figure 27 shows 
an example of a user with a “logistic like” behaviour. All the Voronoi polygons visited 
during the route are coloured in blue, and the Voronoi polygon containing the 
logistic centre visited is coloured in red. 
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Figure 27: Example of a user displaying a “logistic like” behavior. In red, the Voronoi polygon containing the logistic center visited. In 

blue, all the Voronoi polygons visited during the route. 

2.5. Characterization of the logistic users within the complete set of MND users. No 
results are available yet for this final step. 

 
Estimation of service times for logistic deliveries 
In this section, we will show the preliminary results of the service time estimation method 
developed in SYNCHROMODE. To this end, we have used the data provided by CityLogin in Madrid 
from their TMS system that contains the last-mile delivery activity in the Region of Madrid in 
November 2023 carried out with 3 m3 electric or hybrid vans, both for B2C and B2B. 
 
In Figure 28, we show the estimated mean service time per postal code in the region of Madrid using 
the methodology developed in PostlwoCIT. As we can see in the plot, the service times range from 
2 minutes to 6 minutes, which is the usual time for this type of delivery service, which validates 
again the approach developed. With this data, we created a data set that filtered those registers 
with service times higher than 400 seconds and lower or equal to 120 to remove noise and outliers. 
In this way, a total of 9925 record were selected. 
 
Over the generated service times, a random forest model was used to estimate the service time 
using the following three fields: latitude, longitude, and hour of the day. The training/validation split 
employed was 80/20. The results of the model in terms of RMSE and MAE are shown below. 
 

• RMSE: 54.03344 seconds 

• MAE: 43.9778 seconds 
 
As we can see, the preliminary results obtained so far with the trained model have around 45 
seconds of errors in the estimation, which is slightly higher than initially expected. The next steps 
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that we plan to follow to improve the model’s accuracy are to use a larger data set and, if possible, 
to test other predicting variables such as the characteristics of the road infrastructure in the location 
of the delivery. 
 

 
Figure 28: Estimated mean service times per postal code. 

4.2.4 OD matrix similarity metrics for special event characterization & Special 
event prediction (model preliminary work) 

Normalisation for day-to-day comparisons 
Two approaches have been implemented to perform the OD matrices comparison presented in 
Section 3.3.4: a pairwise-daily and pairwise-hourly comparison where each OD matrix records the 
number of trips per day and per hour respectively. Since a day-to-day analysis has been preferred 
to present the obtained results, the similarities between matrices must be normalised accordingly. 
 

• Pairwise-daily approach: Because the similarity is already between days, the normalisation 
simply consists in having a centred normal distribution. This approach provides 

𝑆𝑖𝑚(𝑂𝐷𝑖 , 𝑂𝐷𝑗) for each couple of days (𝑖, 𝑗). The normalised similarity, referred to as 𝑆𝑖𝑚𝑖,𝑗, 

between days 𝑖 and 𝑗 can thus be described as 

𝑆𝑖𝑚𝑖,𝑗 = 𝑁𝑜𝑟𝑚𝑆𝑖𝑚(𝑂𝐷𝑖, 𝑂𝐷𝑗) =
𝑆𝑖𝑚(𝑂𝐷𝑖, 𝑂𝐷𝑗) − 𝑚𝑒𝑎𝑛(𝑆𝑖𝑚(𝑂𝐷))

𝑠𝑡𝑑(𝑆𝑖𝑚(𝑂𝐷))
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where 𝑚𝑒𝑎𝑛(𝑆𝑖𝑚(𝑂𝐷)) and 𝑠𝑡𝑑(𝑆𝑖𝑚(𝑂𝐷)) represent the mean and standard deviation of 

all similarities obtained with this approach. 
 

• Pairwise-hourly approach: This approach provides 𝑆𝑖𝑚 (𝑂𝐷𝑖
(𝑝), 𝑂𝐷𝑗

(𝑝)) for each triple 

(𝑖, 𝑗, 𝑝), i.e., the similarity between days 𝑖 and 𝑗 at the period 𝑝. The similarity for two days 𝑖 
and 𝑗 is computed as 

𝑆𝑖𝑚𝑖,𝑗 =∑𝑤𝑖𝑗
(𝑝)

⋅ 𝑁𝑜𝑟𝑚𝑆𝑖𝑚 (𝑂𝐷𝑖
(𝑝), 𝑂𝐷𝑗

(𝑝))

𝑃

𝑖=1

 

where 𝑃 is the number of periods in the day (i.e., 24) and 𝑤𝑖𝑗
(𝑝) is the weight measuring the 

importance of period 𝑝 for days 𝑖 and 𝑗. It consists in the proportion of trips occurred at 
period 𝑝 relative to the total number of trips during these two days. 

𝑤𝑖𝑗
(𝑝) =

𝑡𝑟𝑖𝑝𝑠𝑖
(𝑝) + 𝑡𝑟𝑖𝑝𝑠𝑗

(𝑝)

∑ 𝑡𝑟𝑖𝑝𝑠𝑖
(𝑝′) + 𝑡𝑟𝑖𝑝𝑠𝑗

(𝑝′)𝑃
𝑝′=1

 

 

Validation with preliminary results 
The metric to assess the similarity between two OD matrices has been tested using data collected 
from trips made in May and June 2024. These are preliminary results, and it’s important to note that 
the number of trips recorded in the OD matrices is relatively small, which makes it challenging to 
identify clear patterns with the similarity metric at this stage. 
 
The distribution of similarity for each couple of days is shown in Figure 29 and Figure 30 (the lower 
the value, the greater the similarity) with a pairwise-daily and pairwise-hourly approach 
respectively. The lack of data can be viewed by the abundant presence of outliers, i.e., points which 
differ significantly from the observation (circles drawn outside of boxes). It is expected that with 
more extensive data, the results will become more reliable. 
 
In Figure 29, some correlation is visible among weekdays which shows the ability of the similarity 
metric to capture patterns. For weekend days, it seems that the lack of data limits the correlation. 
However, for weekends, the limited amount of data appears to reduce correlation, which also 
distinguishes weekends from weekdays, where more trips are recorded. Interestingly, when the 
data is disaggregated into hourly OD matrices (see Figure 30), these correlations become even more 
apparent. This might be due to the increased sparsity of the matrices, making patterns easier to 
discern on a more granular level. 
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Figure 29: Distribution of similarities over days of the week (pairwise-daily approach). 
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Figure 30: Distribution of similarities over days of the week (pairwise-hourly approach). 

The obtained similarity between every day from May and June 2024 can be viewed in Figure 31 
where the shorter the distance between two nodes, the greater the similarity between their 
corresponding days. This figure confirms the clear distinction between week and weekend days 
according to the proposed similarity metric. It is interesting to note that both May 9th and 20th 2024 
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were holidays which explains their similarity with weekend days. Among weekdays, it also seems 
that Fridays have a particular status. Corresponding nodes are indeed gathered and are positioned 
like a transition between week and weekend days. 

 
Figure 31: Visualisation of similarities between days (pairwise-hourly approach). 

4.2.5 PuT service KPIs 

As described in the previous chapter, this module evaluates and monitors the performance of public 
transport systems in both real-time and offline modes. Additionally, it has been mentioned that this 
module will be implemented in the Madrid case study (offline version) and the Thessaloniki case 
study (online version). 
 
Regarding the development and implementation of the module and its algorithms to the Madrid 
case study, no results are available yet to be incorporated into this version of the deliverable. 
However, progress is on track and the results are expected to be presented in the final version of 
the deliverable. For the Thessaloniki case study, however, initial results are already available and 
will be presented in detail below. 
 
In the Thessaloniki case, the module focuses on analysing the consistency and reliability of bus 
arrival times at various stops along major city corridors. Specifically, the results presented are based 
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on data from bus stops along Egnatia Street, a major corridor that traverses the entire city center 
from east to west. By examining the ETA-actual difference, which represents the time difference 
between the expected and actual bus arrival times, this analysis reveals patterns of delays and early 
arrivals over a week-long period. To provide a more in-depth analysis, the corridor is divided into 
two sections based on the direction of bus travel: the forward section (heading to West) and the 
backward section (heading to East). This division allows for a detailed examination of the specific 
traffic and service dynamics in each direction. 
 
The following analysis focuses on the section which heads to the West direction (forward) of the 
Egnatia street, covering several key bus stops. The results of this analysis are presented in Figure 
32. 
 

 
Figure 32: ETA-actual time of arrival differences per bus stop for Egnatia street heading to West. 

Bus stops along this section exhibited varied patterns of early arrivals and delays. At Bus Stop 1372, 
early arrivals were frequent, especially on May 25 and 26, where buses arrived up to 9 minutes 
ahead of schedule. Delays at this stop were minimal, with the largest recorded delay being 3 minutes 
on May 25. Similarly, Bus Stop 1373 showed a consistent trend of early arrivals, with buses arriving 
up to 7 minutes early on May 24 and 25. Delays at this stop were rare, with a notable 3-minute delay 
occurring in the early morning of May 26. 
 
At Bus Stop 1374, a mix of early arrivals and delays was observed. Buses arrived up to 6 minutes 
early on May 24 and 25, while small delays of 2-3 minutes occurred during peak traffic hours on 
May 26 and 28. Bus Stop 1375 recorded frequent early arrivals, particularly on May 27, when buses 
arrived up to 9 minutes early. Delays at this stop were less frequent but more pronounced on May 
26, especially in the afternoon and evening, with delays reaching 2-4 minutes. 
 



 

D3.2: API for data harmonisation and fusion - version 1 Page 61 of 80 

Copyright © 2023 by SYNCHROMODE 

 

The combined Bus Stops 886, 885, and 884 experienced the most significant delays across the 
corridor, particularly during peak hours on May 26, when delays of 6-8 minutes were recorded 
during the morning rush. Early arrivals at these stops were also observed, particularly around 
midday on May 26, with buses arriving between 3 and 9 minutes ahead of schedule. 
 
In contrast, Bus Stops 894 and 893 showed more stable performance, with minimal delays and early 
arrivals. Most buses arrived within 1-3 minutes of their scheduled time, although significant early 
arrivals of 6-8 minutes were noted on May 27 and 29. 
 
After analysis of individual bus stops has been completed, we shift the focus to the overall 
performance of the Egnatia street and of that direction heading to the West as a whole. This broader 
analysis provided insights into the general trends and patterns observed across the entire section 
of the street. The results are capture in the following figure (Figure 33). 
 

 
Figure 33: Average difference between ETA-actual time of arrival for the Egnatia street heading to West. 

When comparing the forward and backward sections of the Egnatia street, both sections exhibit a 
strong tendency for early arrivals during non-peak hours, with buses frequently arriving several 
minutes ahead of schedule. However, the backward section (heading to East) shows a higher 
frequency of early arrivals, particularly during late-night and early-morning hours. 
 
The results of the analysis made regarding the other direction of the Egnatia street are presented 
at the figures below (Figure 34, Figure 35). 
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Figure 34: ETA-actual time of arrival differences per bus stop for Egnatia street heading to East. 

 
Figure 35: Average difference between ETA-actual time of arrival for the Egnatia street heading to East. 

4.2.6 Roadworks effect 

ReFlow: initial results 
An example of the current output of the MVP of ReFlow is shown below. Roadworks are planned in 
the future on the N443 road in Noordwijkerhout in the province of South-Holland, the Netherlands.  
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Figure 36: (a) Schedule for roadworks on the N443 in Noordwijkerhout. (b) Changes in the network planned during weekend number 

45. 

 
Figure 36 (a) shows a schematic planning of the roadworks. This example shows a what-if analysis 
of the impact on the traffic state during weekend number 45 (11th and 12th of November 2023), 
where the changes shown in Figure 36 (b) are planned. 
 
By analysing historical FCD from comparable type days in the past, a redistribution of the traffic can 
be made, and the impact of the roadworks can be estimated using ReFlow. The output of this 
specific scenario can be seen in Figure 37. 
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Figure 37: ReFlow visualization of the traffic redistibution on the network around the N443. 

In this visualization, relative intensity differences are shown, relative to the FCD traffic state before 
roadworks, and during. Roads in dark blue are expected to have a decrease in traffic, and roads in 
dark red are expected to see a sharp increase. The road authority can use this information to plan 
their detour routes, take measures on the dark red roads, etc. These results were validated by the 
relevant road authorities (province of South-Holland) after the roadworks had taken place and were 
confirmed to accurately reflect the historical situation. 
 
It is important to note that currently, ReFlow is designed to give insights into the first order effects 
of roadworks. This means that the results can be expected to be accurate for a short time period 
after they go into effect. In the future, we envision to extend the algorithm to also calculate second 
order (and perhaps more) effects based on an iterative solution. 
 

Short term future research and development 
In the current MVP of ReFlow, the only roadwork types included are lane closures (e.g., one lane 
only, or both directions to achieve a full road closure). This needs to be extended to other types, 
such as capacity changes and speed changes. Furthermore, the algorithm (technical chain) needs to 
be stabilized and further validated in order to be included in the SYNCHROMODE Toolbox.  
 
Longer term improvements include upscaling from FCD vehicle numbers to full vehicle intensities 
and automatic identification of new bottlenecks because of the simulated roadworks. More 
research is needed first, however, to find out if/how these can be integrated with the other 
developments included in the SYNCHROMODE Toolbox. 
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4.2.7 DRT demand estimation 

The initial results of the algorithms concerning the DRT demand estimation development are 
grouped into the sequential steps of the development: 
 

1. Trip volume regression: an initial model was successfully built, predicting originated trips 
from each current zone to each of its rings with favourable accuracy metrics. A Gradient 
Boosting regressor model was selected, with test dataset size of 20%. The test dataset was 
selected so that all rows corresponding to the same zone are contained in the same split 
(either train or test), meaning that the trip volumes between one zone and all its rings are 
either all in the train dataset or all in the test dataset. This is done to mimic the behaviour in 
the predict scenario with new zones. The model pipeline contains (i) a column transformer, 
which consists in a standard scaler for all variables (continuous) except for the ring distance 
group, for which a One Hot Encoder (OHE) is used; (ii) a feature selection step, in which a 
Recursive Feature Elimination (RFE) is used; and (iii) the regressor model itself. This regressor 
model, at this stage a Gradient Boosting, has its hyperparameters tuned through Grid 
Search. For this grid search, R2 accuracy is chosen as target with cross validation. The best 
estimator is selected, and its accuracy is tested with the test dataset. The model results with 
test data are displayed in Figure 38. The “R-squared by distance” accuracy metric refers to 
the results when grouping the data by distance rings (removing the zones from the table and 
adding up the results). 

  
Figure 38: Test accuracy of the trip volume regression model. 

2. Current zone clustering by hourly profile: 5 originated trips zone clusters are generated 
(Figure 39). 
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Figure 39: Temporal (hourly) profiles of the trips originated in the current zones belonging to each cluster 

3. New zone cluster assignment: A KNN (K-Nearest Neighbours) model is trained with the 
current zones to predict the cluster to which a new zone might belong. The explicative 
features used are land use and sociodemographic. The KNN model is defined with number 
of neighbours (k) = 3, and the results both with the training data and with the test data show 
a relatively high accuracy (see train and test confusion matrices in Figure 40). 
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Figure 40: Current zones, coloured by assigned cluster. 

 

 
Figure 41: New zone cluster assignment correlation matrices: train (left) and test (right). 



 

D3.2: API for data harmonisation and fusion - version 1 Page 68 of 80 

Copyright © 2023 by SYNCHROMODE 

 

4. New zone hourly demand assignment: We utilize the average hourly demand profile of the 
clusters assigned to each zone through the KNN model, weighted by the frequency of its 
nearest neighbours. An example of this process is shown in Figure 42. These hourly demand 
ratios are then multiplied by the total trip volume predicted by the regression model to 
calculate the number of trips between each zone and its rings for each hourly interval.  

 

 
Figure 42: Example of the assignment of a weighted average hourly demand profile to a new zone (in the example, 2/3 closest 

neighbours to the new zone belong to cluster 1, and 1/3 closest neighbours belong to cluster 4) 

5. Zone OD assignment: After converting the trips from (origin: new zone, destination: ring) to 
(origin: new zone, destination: new zone), we obtain an OD matrix that is represented in 
Figure 43. 

 
6. Trip point and time discretisation: Initial results of the trip point and time discretization 

process are also available. Individual trips have been generated for each origin-destination 
(OD) pair within each hourly period, providing specific origin and destination points by using 
land-use weights (Figure 44). Additionally, a histogram (Figure 45) illustrates the distribution 
of trip distances, offering an overview of the spatial patterns in the estimated travel demand: 
we can see here that despite the absence of trips longer than 20 km in the training data—
due to the limited coverage of current operational zones—the predicted demand 
successfully includes such trips. 
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Figure 43: Resulting new zone OD matrix, represented with desire lines 

 
Figure 44: Total resulting estimated demand, represented by origin point. 
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Figure 45: Total resulting estimated demand: trip distance histogram. 

4.3 Initial results of algorithms under Task 3.3 

4.3.1 Identification and characterization of bottlenecks and disruptions 

The development related to the identification and characterisation of bottlenecks is still on its 
earlier stages, so there are no results that can be included in this document. The results of the 
explored methodologies are expected to be presented in the final version of this deliverable. 
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5 Conclusions 
This deliverable outlines the initial development and implementation of the API for Data 
Harmonisation and Fusion within the SYNCHROMODE project. The primary focus has been on 
establishing a robust framework to integrate, harmonise, and process multimodal transport data 
from diverse sources. The developed API addresses key challenges associated with data 
heterogeneity, ensuring interoperability, accuracy, and reliability, which are critical for the 
successful functioning of the SYNCHROMODE Toolbox. The development of the SYNCHROMODE 
Data Exchange Repository, along with its functionalities, supports the collection, storage, and 
management of multimodal transport data, addressing the needs of all stakeholders and ensuring 
consistency across different sources. 
 
Initial findings from the implementation of data harmonisation and fusion processes indicate the 
effectiveness of the developed methods in handling data gaps, inconsistencies, and varying 
resolutions. This capability enhances the overall quality of data available for traffic management 
and network optimisation tasks. The data imputation techniques, particularly for missing and 
erroneous data, have contributed significantly to ensuring continuous and reliable datasets, 
supporting real-time decision-making in transport operations. 
 
As the project progresses, further refinement and validation of the API and associated tools will be 
undertaken. Results from ongoing case studies, such as those in Madrid, Thessaloniki, and the 
Netherlands, will offer practical insights into the system’s performance in real-world conditions. 
These insights will inform subsequent iterations and enhancements of the API, with a focus on 
ensuring scalability and robustness in operational environments. 
 
In conclusion, the development of the API for Data Harmonisation and Fusion forms the backbone 
of integrating various data streams and ensuring that the SYNCHROMODE Toolbox can effectively 
support multimodal transport management. However, further refinements and adjustments will be 
made as the project progresses, based on the ongoing development and testing of algorithms and 
tools. The final version of the algorithms and their results will be presented in deliverable D3.3, 
which will provide a more comprehensive analysis of the performance of these solutions, along with 
a detailed presentation of the computational flow and an accompanying flowchart. 
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Annex I – User Manual of the SYNCHROMODE 
Data Exchange Repository platform  

 

General Information 

 
Figure 46: SYNCHROMODE Data Exchange Repository platform 

This manual aims to assist SYNCHROMODE partners in accessing and managing the project’s 
datasets through the SYNCHROMODE Data Exchange Repository (http://data.synchromode.eu/). 
Figure 46, shows the landing page of the SYNCHROMODE Data Exchange Repository platform. 
 
  

http://data.synchromode.eu/
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Log-in Process 

To access the SYNCHROMODE Data Exchange Repository, you must first log in. Follow these steps 
to log in to your account: 

1. Access the Log-in Page: 

Open your web browser and navigate to the SYNCHROMODE Data Exchange Repository website. 

 

2. Locate the Log-in Button: 

In the top right-hand corner of the website, you will find the “Log-in” button. Click on it to proceed. 

 

3. Enter Your Credentials: 

On the Log-in page, you will be prompted to provide the following information: 

• Username: Enter your unique username in the designated field. 

• Password: Input your confidential password in the provided field. 

 

IMPORTANT NOTE: You have been given with the credentials, for more information check the 
received e-mail! 

 

4. Forgot Your Password?: 

In case you’ve forgotten your password, there is a “Forgot Password” link on the left-hand side of 
the Log-in page. Click on this link to initiate the password recovery process. 

 

5. Resetting Your Password: 

Follow the instructions provided for resetting your password. You will receive an email with a reset 
password link. Be sure to check your email inbox and spam folder. 

 

6. Logging In: 

Once you’ve correctly entered your username and password, click the “Log-in” button. 

 

7. Accessing Your Account: 

After a successful log-in, the system will redirect you to the “Dashboard” page. 
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Dashboard 

 
Figure 47: SYNCHROMODE’s Data Exchange Repository dashboard page 

 
Here (Figure 47), you can perform various actions, including: 

• viewing your feeds, 

• accessing your created datasets, 

• managing your organizations, 

• overseeing your groups. 

 
Additionally, you’ll find a “Profile settings” button located on the right side of the webpage. Clicking 
this button will redirect you to the “Manage” page, providing access to further actions and settings 
for your account. 
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Manage Page 

This page (Figure 48) provides users with essential controls and insights related to dataset 
management and access permissions including the ability to change their password. 
 

 
Figure 48: SYNCHROMODE’s Data Exchange Repository manage page 
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Organizations 

The “Organization” button, also found on the right side of the webpage, redirects you to the 
“Organization List” page (Figure 49). In the SYNCHROMODE Data Exchange Repository, 
organizations play a pivotal role in managing access to datasets. Each dataset is associated with a 
single organization, and each organization holds authority over who can view, create, and update 
its datasets. 
 

1. Dataset Access Levels: 

Datasets can be categorized as either public or private. Public datasets are accessible to all users, 
visible to everyone who uses the repository. In contrast, private datasets are restricted to logged-in 
users who hold membership within the specific organization to which the dataset belongs. This 
ensures that private datasets remain confidential and are only viewable by authorized individuals. 
 

2. User Roles: 

Within the SYNCHROMODE Data Exchange Repository, all users are granted the status of “editor” 
within their respective organizations. Additionally, users are considered members in other 
organizations. This dual role allows users not only to view private datasets from other organizations 
but also to actively contribute by adding, editing, or deleting datasets within their own organization. 
 

 
Figure 49: SYNCHROMODE’s Data Exchange Repository organizations page 



 

D3.2: API for data harmonisation and fusion - version 1 Page 77 of 80 

Copyright © 2023 by SYNCHROMODE 

 

For users with the “editor” role within an organization, an additional option becomes available: the 
ability to “Add Dataset”. Editors have the privilege to contribute by creating and adding new 
datasets to the organization’s repository (Figure 50). 
 

 
Figure 50: SYNCHROMODE’s Data Exchange Repository organization’s page 
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Datasets 

To commence the dataset creation process, click the “Add Dataset” button, which will take you 
through a two-step procedure. 
 

 
Figure 51: SYNCHROMODE’s Data Exchange Repository create dataset page (step 1) 

 
In the first step, labelled “Create Dataset” (Figure 51), you’ll need to provide information such as: 

• the dataset’s title, 

• a brief description, 

• metadata tags, 

• your chosen license, 

• your organization, 

• visibility settings (should be set to “private”!). 
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In the second phase, referred to as “Add Data”, you’ll have the option to either upload a file directly 
from your computer or input a URL. 

• if you select “Upload” button, choose the file, 

• if you opt for “Link” button provide a working URL. 

 
This step also requires you to fill in additional details like: 

• the resource name, 

• a comprehensive description, 

• the file format. 

 
When you’ve completed all the necessary fields, finish the process by clicking the “Finish” button 
(Figure 52). 
 

 
Figure 52: SYNCHROMODE’s Data Exchange Repository create dataset page (step 2) 

You can modify the datasets you’ve uploaded, a privilege exclusive to editors, while downloading 
datasets is accessible to all members. 
 
When you navigate to the “Datasets” page, you will find a list of available datasets. By selecting a 
specific dataset from the list, you can access the “Explore” button, which enables you to both 
download the dataset and, if you are an editor, to edit the dataset by making any needed changes 
(Figure 53). 
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Figure 53: SYNCHROMODE’s Data Exchange Repository dataset preview 

 
 


