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Executive Summary 
 
D4.2 outlines the conceptual frameworks and related components of the modelling 
architecture for modelling and analysis of urban transport networks, to be deployed for the 
evaluation of transport and traffic interventions within the context of the SYNCHROMODE 
toolkit system. The modelling architecture has been derived based on the SYNCHROMODE 
use cases and it is defined in such a way so that it harmoniously interacts with other 
SYNCHROMODE components while providing accurate estimations and predictions of the 
transport state at any given time. The objectives of this deliverable include understanding 
and representation of simulation and prediction models as well as defining interconnections 
between the outcomes of WP3 (Data gathering, fusion and analysis) and WP5 (Transport 
Network Optimization). The goal is to create a versatile modelling framework that is not only 
comprehensive but also applicable in real-world scenarios, contributing significantly to the 
field of transport management modelling. 
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1. Introduction 
Urban transport systems are critical components of modern cities, facilitating the movement of 
people and goods while shaping the urban environment. In the last few years, transport systems 
are undergoing significant changes, marked by several developments which are believed to be 
reshaping how we conceive mobility and its management. Central to this transformation is the 
emergence of new mobility concepts, driven by technological innovations and the emergence of 
Information and Communication Technologies (ICT). The 3 revolutions, as commonly referred to 
(shared, electric, automated) are transforming traditional transport provision, promising increased 
efficiency and accessibility (Sperling, 2018). Sustainability and the pursuit of net-zero emissions have 
also become integral in every aspect of planning and management for the transport system, with a 
growing focus on integrating eco-friendly practices and renewable energy sources. Finally, there is 
an increasing recognition of the need for more holistic transport management that considers the 
transport system as a whole and responds to all transport system users’ needs. This approach 
encompasses not just each modality independently but considers the transport system as a whole, 
within both supply (road, rail, air) but also demand (intermodality, flexibility, complexity of choice) 
traits. 
 
With the increasing complexity of urban landscapes, the development of new technologies, the 
need for multimodality and growing demands on transport infrastructure, there is a pressing need 
for sophisticated tools to improve the performance of transport systems. However, to support any 
performance enhancements, informed decision making is needed (be it human- or computer-
driven), taking into account how the system reacts to varying conditions. In this context there is a 
clear need to develop modelling infrastructure that can adequately support decision making by a) 
adequately representing the transport state (the situation of the transport system at any given 
time); b) adequately predicting the future transport states; and c) adequately providing answers to 
what-if scenarios. Although transport models have long been a research subject, there is a need to 
for advancement of modelling techniques which result from both basic research updates and the 
increased computing capabilities. In this context, this deliverable (D4.2) outlines the conceptual 
frameworks and related components for modelling and analysis of urban transport networks, to be 
deployed for the evaluation of transport and traffic interventions within the context of the 
SYNCHROMODE toolkit system. The modelling architecture has been derived based on the 
SYNCHROMODE use cases and it is defined in such a way so that it harmoniously interacts with other 
SYNCHROMODE components while providing accurate estimations and predictions of the transport 
state at any given time. 

1.1. Project Summary 

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 
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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. Deliverable Objectives 

The primary purpose of Deliverable D4.2, titled “Conceptual Architecture” as derived from Task 
T4.1, “Modelling Architecture and High-Level Actors’ Interactions,” is to represent the conceptual 
architecture of a traffic simulation system that can accurately model urban transport networks, 
predict traffic behaviour, and support decision-making in transport planning and management. It 
serves as a roadmap that outlines the structure, components, and relationships within the system, 
guiding subsequent detailed design and implementation efforts. Specifically, this deliverable aims 
to: 

• Respond to modelling needs arising from the SYNCHROMODE use cases. 

• Offer a strategic direction by defining the overall structure of the modelling system. 

• Testing and confirming the modelling components and processes, ensuring that all stakeholders have 
a shared understanding of its intended purpose and scope. 

• Support the management of the complexity of large-scale systems by defining a modular system with 
manageable components, interactions and interfaces. 

• Serves as a basis for developing more detailed architectural designs, specifications, and 
implementation plans. 

 
Through a systematic approach, this deliverable aims at contributing to a deeper understanding of 
holistic transport management models but also at playing a pivotal role in bridging the gaps between 
different project components. It particularly focuses on aligning the outcomes of WP3, “Data 
Gathering, Fusion and Analysis,” with the input requirements of WP5, “Integration of the Overall 
Solution and Case Studies.” The ultimate objective is to formulate a well-structured and versatile 
modelling framework, tailored for efficient utilization in transport management. This framework 
aims to ensure that the project’s outcomes are not only comprehensive but also practically 
applicable in real-world scenarios. 

1.3. Structure 

The remainder of deliverable is organized as follows. Section 2 examines the functional 
requirements of SYNCHROMODE project related case studies. Section 3 represents the conceptual 
framework and the components of the framework. The report explains the functionality of Travel 
Demand and Supply Models and Transport Network Models, delving into their methodologies, 
applications, and roles in transport management. Section 4 presents the process architecture 
section that depicts the process flow from one element to another. Section 5 presents the 
architecture verification, which is deemed to validate that the proposed conceptual architecture 
fulfils the functional requirements of the SYNCHROMODE project. The deliverable concludes with 
the Conclusions section, summarizing key insights and their implications of this document. At the 
end of the document, there is a section related to ed to References, which provides a 
comprehensive list of bibliographic sources used throughout the report. 
  



 

D4.2: Report on the Conceptual Architecture of Transport Management Modelling Page 15 of 54 

Copyright © 2023 by SYNCHROMODE 

 

2. Setting the stage: Architectures for 
Modelling, Simulation and Prediction in 
Multimodal Transport Management 

As mentioned above, a shift towards a more holistic transport management approach is needed, 
considering the transport system as a whole, encompassing multimodality and addressing both 
supply and demand elements. A comprehensive review of existing modelling approaches and 
techniques that incorporates the most recent advancements in transport models has been 
presented in Deliverable D4.1 “Report on the relevant state of the art on Transport Management 
Modelling” of the SYNCHROMODE project. However, this section (Section 2) acts as a ‘bridge’ to 
connect the state of the art in transport management modelling and the conceptual modelling 
architecture proposed in this deliverable. A summary of all relevant aspects that are significant to 
be considered in the development of an architecture will be described in the following sub-sections. 

2.1. Deriving a General Modelling Framework 

The SYNCHROMODE project addresses several key areas that need to be fully harmonized to provide 

the suite of services for improving the overall transport network management. These relevant areas 

include, among others: (1) data management (WP3), which focuses on how data is collected, 

processed and utilized throughout the different modules, ensuring data interoperability; (2) 

modelling and simulation of transport network supply and demand, and prediction of future states 

(WP4); (3) optimisation of multimodal traffic (WP5); and (4) definition of KPIs for assessing the 

overall solutions and visualizing the results. In order to ensure usability within and beyond the 

SYNCHROMODE project, the envisaged project-related processes are defined on several levels of 

abstraction. The highest level is a generic description of interconnections, serving as an overall 

conceptual process (Figure 1). As presented, the SYNCHROMODE structural components are 

interconnected in one overarching framework. A similar structure is also included in Deliverable 

D2.5 “Case Study Descriptions” of this project, which outlines the first drafts of the operational 

process of the Case Studies. For instance, The Netherlands Case Study proposes scenarios that 

involve the integration of simulation and optimization to solve the problem of roadwork planning. 

As it becomes clear, there is a necessity to integrate data with simulation and prediction, as well as 

with optimisation, to yield results. 
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Figure 1: Interconnected structural components in SYNCHROMODE, involving simulation modelling, optimisation, data and 

visualization 

2.2. Data Management Considerations 

One of the first elements to take into consideration is the data that will be used in the project. For 

modelling purposes, it is crucial to assess, gather, integrate and analyse the different data sources 

that will be used across the project to ensure that they are properly utilised. This process enables 

also the utilisation of common standards for data collection and storage facilitates the work of data 

sharing and integration between the different services’ providers. In this sense, data management 

integration involves the coordination of different data sources, formats, and processes. The data 

management process involves, among others: (I) Data collection and consolidation, which brings all 

data into a unified data repository; (II) Data Quality Assurance, to ensure the accuracy, consistency 

and completeness of data for an effective integration; (III) Interoperability, to enable the data 

exchange between the different services of the project; and (IV) Data governance and security, to 

ensure data is managed responsibly and ethically. 

 

It is also important to identify the different data inputs that each module/service will need and the 

outputs that will be generated from each development and the flow of information between 

modules and/or with the simulation tools. These are essential steps in ensuring data management 

and integration in the project. All this information is detailed in Deliverable D3.1 “Data 

requirements and inventory” of the SYNCHROMODE project, which provides an inventory of 

available dataset and assess the data requirements and availability for each case study. 

2.3. Model Resolution and Integration Considerations  

Modelling and simulation of multimodal mobility constitutes a significant challenge, both from the 

technical aspects to those involving behavioural modelling and policy considerations. For those 

simulation-based case studies, one important challenge is the selection of the appropriate model 

resolution and the ease of integrating other components within the simulation tools and the overall 

architecture. The resolution of the model refers to the level of detail or granularity at which the 

model represents the real-world phenomena. Depending on the level of detail and the modeler’s 

Data
Modelling and 
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Prediction

Optimization

KPIs

Visualization
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purposes, network loading models can be classified into four categories: (1) macroscopic, (2) 

mesoscopic, (3) microscopic and (4) hybrid. A more detailed description of these models is included 

in Deliverable D4.1. The model resolution must be specified at a case study level and the selection 

of the appropriate model might also be influenced by the amount of available data to calibrate and 

validate the models. If there is limited or sparse data available, it may be challenging to develop 

high-resolution models. In addition, the modelling objectives and computational resources also play 

a crucial role in determining the adequate resolution. 

 

Another important aspect to take into consideration when designing the modelling architecture is 

the extendibility of the simulation tools. Or, in other words, the capacity of the tools to allow the 

integration of new modules or components to expand their functionality and how this integration 

might be done. This is especially important for those scenarios that need to integrate optimization 

procedures in simulation environments. There are several approaches to achieve this, such as the 

use of Application Programming Interfaces (APIs) to extend or enhance the tools’ functionalities.  

According to Deliverable D2.5 “Case Study Descriptions”, Aimsun Next and Simulation of Urban 

MObility (SUMO) are the two simulation software packages that will be used in the Case Studies. A 

more in-depth description of how components are integrated in simulation tools will be included in 

the upcoming Deliverable D4.3 “Transport simulation report”. 

2.4. Prediction Modelling Considerations 

Another challenging aspect of planning and managing multimodal mobility systems is the 

development of accurate prediction models for travel demand. As mentioned in Deliverable D4.1, 

the dynamic nature of human behaviour and preferences can fluctuate due to multiple factors, such 

as policy changes, societal trends and technological advancements. The combination and 

integration of prediction and optimization approaches in a unified framework constitutes a very 

challenging but promising area of research. Traditional approaches focus on two-stage ‘predict-

then-optimize’ framework, implemented in a sequential way (Yang and Wang, 2022). Relevant 

consideration stemming from D4.1 and the developments within the SYNCHROMODE project refer 

to: a) the need for frequent update for monitoring and decision-making purposes; b) the definition 

of prediction components with reduced runtimes to support optimisation; c) the exploration of 

increased accuracy. 

2.5. Modularity, Scalability and Performance 

From D4.1 and the within project user needs, it has emerged that the conceptual architecture 

should be designed in a way that allows for modular development, ensuring flexibility and ease of 

integration, while also ensuring that the system can scale effectively to handle larger models 

maintaining an acceptable level of performance. 

 



 

D4.2: Report on the Conceptual Architecture of Transport Management Modelling Page 18 of 54 

Copyright © 2023 by SYNCHROMODE 

 

Because of the extensible functionality that the SYNCHROMODE toolbox can offer, the modelling 

architecture should adaptable and flexible to accommodate for emerging use cases requirements 

as well as allow for reuse after project completion. This means that models can be built and 

maintained in a modular fashion, allowing the integration of external components and providing 

flexibility in the model design. In this way, the architecture can effectively meet evolving needs and 

support various applications within the toolbox. 

  



 

D4.2: Report on the Conceptual Architecture of Transport Management Modelling Page 19 of 54 

Copyright © 2023 by SYNCHROMODE 

 

3. Functional Requirements: SYNCHRMODE 
Case Studies 

The SYNCHROMODE project includes three study areas (Madrid, South Holland, and Thessaloniki) 

to showcase the practical applications and capabilities of the SYNCHROMODE Toolbox. These study 

areas cover diverse geographic and operational contexts and scenarios that would provide valuable 

insights. Within those study areas, different use cases are defined so that they allow for the 

generation of relevant transport management tools. 

 

The Madrid Study area aims to alleviate delivery-related traffic by integrating urban last-mile parcel 

delivery service with Public Transport (PT) service, during off-peak hours. It also aims at exploring 

alternative transport services like Shared Mobility (SM) or Demand-Responsive Transport (DRT) 

services to complement PT, catering to both passengers and parcel delivery. In the South Holland 

Province study area, the objective is to enhance regional mobility by optimizing existing 

infrastructure availability, promoting sustainable mobility behaviour, and innovation-driven 

solutions. Use cases include challenges such as alleviating the impact of roadworks, better managing 

visitors-related traffic to the Dutch coast, and seasonal traffic related to Keukenhof. The 

Thessaloniki Case Study explores resilient traffic and event management, combining passenger and 

freight transport management, integration of traffic management with Mobility as a Service (MaaS), 

utilization of high-fidelity traffic data, and coordination between multiple Traffic Management 

Centers (TMCs) and service providers. It also emphasizes real-time data exchange among various 

stakeholders and the management of Connected and Autonomous Vehicles (CAVs). Each of these 

case studies, along with their respective identified use cases, contributes to shaping the 

requirements and specifications of solutions within the SYNCHROMODE Toolbox. 

 

Building upon SYNCHROMODE D2.5 the various use cases have been methodically examined and 

analysed to form modelling-related functional requirements. This analysis included the definition of 

specifications, the identification of common patterns and differences as well as the utilisation of 

best practices from the state-of-the-art. These functional requirements have been carefully 

validated by study area partners, ensuring that the requirements align with real-world scenarios 

and address the specific needs of the stakeholders involved. As a result, it is believed that a balance 

between specificity and general applicability can be achieved ensuring that those functional 

requirements are robust, practical, and future-oriented. Those functional requirements are 

presented in the table below (Table 1). 

 
Table 1: Functional requirements corresponding to case studies. 

No Functional requirements Madrid Dutch Thessaloniki 

1 
Be able to access (offline) all scenarios or combinations of road blockage 
and corresponding impact on demand    

2 Be able to estimate the demand at t = 0 for simultaneous roadworks    
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3 Be able to estimate the demand at t = 0 to the nearby events    

4 Be able to predict the demand at t = t’ (every 30-60 minutes) for 
simultaneous roadworks    

5 Be able to predict demand at t = t’ (every 30-60 minutes) for PT, DRT, and 
logistics    

6 Be able to predict demand at t = t’ (next day) for PT, DRT, and Logistics    

7 
Be able to predict the demand at t = t’ (every week) for simultaneous 
roadworks    

8 Be able to update demand for in case there is a disruption    

9 Be able to predict the impact of events (seasonal or others) on demand    

10 
Be able to predict the events’ impact on the parking lots and the impact on 
demand based on availability of parking    

11 
Be able to predict travel choice behaviour like postponing the trip, using 
alternative routes, cancelation of the trip, transport mode shifting based 
on the disruption warning  

   

12 
Be able to access (offline) all scenarios or combinations of road blockage 
and corresponding impact on supply    

13 Be able to estimate the supply at t = 0 for simultaneous roadworks    

14 Be able to estimate the impact on supply (at t = 0) to the nearby events    

15 
Be able to predict the supply at t = t’ (every 30-60 minutes) for 
simultaneous roadworks    

16 Be able to predict supply at t = t’ (every 30-60 minutes) for PT, DRT, and 
logistics    

17 Be able to predict supply at t = t’ (next day) for PT, DRT, and Logistics    

18 
Be able to predict the supply at t = t’ (every week) for simultaneous 
roadworks    

19 Be able to update supply in case there is a disruption    

20 Be able to predict the impact of events (seasonal or others) on supply    

21 
Be able to estimate (t=0) or predict (t=t’) congestion, bottleneck due to the 
events    

22 
Be able to estimate (at t = 0) the impact on alternative routes due to 
roadworks    

23 Be able to predict (t=t’) the impact on alternative routes due to roadworks    

24 Be able to identify underutilised PT and DRT in every 30-60 minutes    

25 Be able to identify underutilised PT and DRT for the next day    

26 Be able to assign the passenger transport demand in PT and DRT    

27 Be able to assign the parcel demand in PT, DRT and logistic vehicles    

28 Be able to assign the demand in alternative routes and compare     

29 
Be able to predict the impact of exogenous factors (like weather) and 
contextual factors (day of a week, time of a day, holidays) on demand and 
supply in case of seasonal events. 

   

30 
Be able to access (offline) the criticality of a network based on centrality, 
connectivity, accessibility, alternate routes, facilities/amenities of the 
area, demand, and supply 
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31 
Be able to access (offline) the effectiveness of traffic management 
scenarios on the road blockage     

32 
Be able to automatically identify real-time events or any abnormality or 
disruption (congestion, bottleneck) in the network.     

33 Be able to predict cascading congestion, bottleneck at t=t' due to the 
identified event.    

34 
Be able to manually or automatically identify the traffic management 
scenario applicable for the event    

35 Be able to automatically identify an event is resolved    

36 

Be able to predict KPIs – impact on travel time and waiting time of 
passenger, delivery time of parcel, travelled distance and emission by 
logistic delivery agents, last-mile logistic operators’ shipping cost per 
parcel, PT operator net revenue per parcel, impact on PT occupancy. 

   

37 
Be able to compute and predict KPIs – impact on travel time and waiting 
time of passengers, impact on PT schedule, PT frequency and PT 
occupancy, reliability of estimation and prediction. 

   

38 
Be able to compute and predict KPIs – impact on travel time and waiting 
time of passengers, air pollution and road traffic emissions, reliability of 
estimation and prediction 

   

39 

Be able to compute and predict KPIs – event recovery time, Travel times, 
delays, queue length, mean speed, traffic volumes, throughput, CO2 
emissions, energy consumption, reliability, and service quality of Public 
Transport 
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4. SYCHROMODE Models - Conceptual 
Architecture 

Building upon the functional requirements, the conceptual architecture serves as a cornerstone for 
understanding the overall design, structure, and interconnections of the modelling components 
within SYNCHROMODE. It introduces a foundational framework that organizes and connects the 
various modules, illustrating how each element contributes to the system's comprehensive 
functionality. As such, the aim of this section is to provide a clear blueprint that outlines the 
architectural layers and their relationships, highlighting the interactions and data flows that support 
core operations. 

4.1. Overall Conceptual Architecture 

The overall conceptual architecture of the SYNCHROMODE, focusing on WP4 is presented in Figure 
2. The abstraction hierarchy adopted involves the definition of a) Elements which are broader 
architectural entities (such as Actors’ and stakeholders’ or Data), b) Modules, which sit within 
elements and define standalone applications, and c) components which sit within modules and 
represent the lowest level of abstraction. It illustrates the core elements of modelling and 
simulation and its connectivity and dependency to the other modules. 
 
The architecture involves five main architectural elements and sub-elements that belongs to five 
different WPs. 

• Actors’ and stakeholders’  

• Data  

• Modelling, simulation and prediction  

• Optimization  

• Observation and assessment 

 
The above architectural elements are discussed below. As this deliverable focuses on the Transport 
Management Modelling architecture, the element of interest is mainly Element ‘Modelling, 
simulation and prediction’, while – from an architecture standpoint – ‘Actors’ and stakeholders’’, 
‘Data’, ‘Optimization’, ‘Observation and assessment’ are peripheral. In the following subsections we 
describe these elements (Element ‘Modelling, simulation and prediction’ in Section 4.1.1 and the 
remaining in Section 4.1.2). 
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Figure 2: Conceptual architecture of modelling, simulation, and prediction. 
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4.1.1. Overall Conceptual Architecture 

This element aims to assess current traffic conditions and anticipate future states within the 
network by forecasting multimodal travel demand and supply for both passengers and goods across 
various timeframes. This involves integrating insights gathered from diverse transport-related data 
sources and leveraging advanced machine learning techniques such as Convolutional Graph Neural 
Network (CGNN) and AutoEncoders to be integrated alongside/within traffic simulators like 
AIMSUN and SUMO. These models aid in estimating the effects of response strategies for various 
traffic network events, such as bottlenecks and disruptions. In a broader sense, this element aims 
to conceptualize and materialize two aspects: a) the development of a modelling and simulation 
framework to evaluate the impacts of traffic interventions on recurring and non-recurring 
supply/demand patterns (e.g., events) at the transport network level. This framework considers 
passenger and freight transport, incorporates new traffic management capabilities (e.g., CCAM), 
and accounts for supply-demand interactions (e.g., shared mobility scenarios); b) the establishment 
of a prediction framework for multimodal passenger and freight transport, encompassing both 
traditional statistical methods and contemporary data-driven machine learning approaches. These 
frameworks aim to forecast mobility parameters across various timeframes and predict potential 
traffic disruptions and bottlenecks. This element is divided into two modules – offline and online, 
based on the data and time of the decision-making process. 
 

Offline Modelling, Simulation, Calibration, and Prediction 
Offline modelling, simulation, calibration, and prediction are conducted using historical or static 
data and operates offline (not in real-time). It simulates the movement of private mobility, PT, DRT, 
logistic vehicles, and other micro-mobilities through the network over time, considering factors such 
as traffic flow, congestion, signal timing, lane configurations, and travel demand and supply 
parameters. This module entails –  

• Model Definition: 
o Input Data - Historical and static data covering various aspects such as demand, supply, 

exogenous factors like weather data, incident records, impacts data, etc., will be cleaned and 
pre-processed in the previous data module to address missing values, outliers, and 
inconsistencies. These cleaned and pre-processed data serve as the input for model 
development.  

o Demand Modelling – The offline simulation will utilize the existing simulation models which 
have been provided for the respective use-cases. However, to refine accuracy, the demand, 
which might be outdated, will be calibrated using the incoming data from WP3. This 
calibration of the OD matrices will employ various data fusion techniques to ensure the 
simulation reflects current trends accurately. Additionally, behavioural components will be 
integrated in the module, to introduce sensitivity due to exogenous factors and travel time 
fluctuation, aiming to capture the response of the individuals to the adapting state and 
dynamics of the network. 

o Supply Modelling – It involves network representation (i.e. representing the transport 
network, including roads, highways, PT routes, and other infrastructure elements), analysing 
infrastructure attributes such as road capacities, travel speeds, transit service frequencies, 
and operating schedules and estimating the capacity of transport infrastructure to 
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accommodate traffic demand, considering factors like lane configurations, signal timings, 
and transit vehicle capacities. 

o Traffic Assignment – It focuses on allocating traffic flows to specific routes within a transport 
network. Static traffic assignment models (STA) operate under the assumption that Origin-
Destination (OD) demand remains uniformly distributed over time. Several types of STA 
models exist, including All-or-Nothing (AON), Stochastic Traffic Assignment, Capacity-
Restrained Assignment, Incremental Assignment, User Equilibrium Assignment, and System 
Optimum Assignment (Saw et al., 2015). 

• Simulation Setup and Execution: In this step, the simulation parameters and conditions are defined. 

Various scenarios are set up and simulated by varying demand patterns, infrastructure changes, or 

traffic management strategies to assess their impacts on the transport system. 

• Model Calibration and Validation: Model parameters are adjusted to improve their fit with observed 
traffic data. The calibrated model is validated by comparing simulated results with real-world 
observations to ensure its accuracy and reliability. Statistical techniques and optimization algorithms 
are employed to fine-tune the model parameters. 

• Prediction and Scenario Analysis: The calibrated and validated model is utilized for predicting future 
traffic conditions, demand patterns, and system performance. Additionally, the model is employed 
for evaluating specific scenarios to understand the potential impacts of different policy interventions, 
infrastructure investments, or transport management strategies on the transport system. 

 
The offline modelling, simulation, calibration, and prediction process is expected to be triggered by 
the actors or stakeholders (either manually or based on automated triggers), primarily for long(er)-
term planning purposes such as infrastructure changes, scenario evaluation, policy analysis, etc. In 
this project, the offline process is extensively utilized for all case studies, particularly for tasks such 
as road work planning for the Dutch case study, impact assessment of traffic management strategies 
for the Thessaloniki case study, and offline demand and supply prediction for PT, DRT, and freight 
for the Madrid case study. 
 

Online Modelling, Simulation, Calibration, Estimation, and Prediction 
Online modelling, simulation, calibration, estimation, and prediction entails conducting these 
processes in real-time or near real-time, utilizing continuously updated data streams to inform 
decision-making and optimize system performance. This module encompasses –  

• Model Definition:  
o Input Data - The system continuously captures real-time data on traffic flow, vehicle speeds, 

travel times, vehicle counts, parking occupancy, weather, and other relevant parameters 
from various sources such as traffic and other sensors, loop detectors, GPS devices, and 
traffic management systems. The collected data is gathered at frequent intervals (e.g., every 
few minutes) to capture changes in traffic conditions and demand-supply dynamics as they 
occur. This real-time data is cleaned, aggregated, and interpolated to address missing values, 
outliers, and inconsistencies, and formatted to be suitable for analysis, such as time series 
or streaming datasets (WP3). 

o Demand Modelling – The online module will utilize the calibrated demand from the offline 
module as its baseline, in addition to the behavioural trip re-evaluation components. It will 
have the additional capability of dynamically adjusting and updating the projected demand 
based on real-time measurements. This process will rely on traditional autoregressive time-
series approaches or more advanced data-driven methods. Through the continuous update 
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of the demand at every time step, the simulation model will continuously be refined to match 
the current conditions, allowing for more informed traffic state predictions. 

o Supply Modelling – Similarly, a dynamic supply model is developed that considers the base 
supply model generated from the offline module as input and can dynamically adjust and 
update the model in real time based on incoming data streams. 

o Observability – By leveraging observable data effectively and utilising theoretical advances 
in the field of transport management modelling (MFD, transferability) observability 
enhancement measures will be implemented to tackle the need for underdetermined 
optimisation problems in modelling. 

o Traffic Assignment Model - Dynamic traffic assignment models (DTA) are utilized to capture 
the dynamic features of the transport network. These models can be categorized into two 
main types: analytical-based models and simulation-based models. DTA models find 
applications in real-time traffic management systems, traffic control centres, and advanced 
traveller information systems, where timely and accurate information on traffic conditions 
is crucial for decision-making and operations. 

• Simulation Setup and Execution: In the online approach, simulation involves continuously running 
simulations with real-time data inputs and updates to reflect current transport conditions. 

• Model Calibration and Validation: Model calibration in the online approach occurs dynamically, with 
model parameters and assumptions adjusted in real time based on incoming data streams and 
feedback. The online model is validated against real-time observations to assess its performance and 
reliability. 

• Estimation and Prediction: Estimation in the online approach involves real-time estimation (t=0) of 
traffic conditions, demand patterns, and system parameters using incoming data streams and 
adaptive algorithms. Prediction in the online approach focuses on real-time forecasting (t=t') of 
future transport trends and scenarios based on current observations and predictive analytics. 
Feedback mechanisms are incorporated to monitor the accuracy and reliability of the online 
estimation and predictions. 

• Hybrid or Metamodel-based Prediction: In a hybrid or metamodel-based approach, a surrogate 
model is developed to approximate the behaviour of a detailed traffic simulation model. It offers a 
computationally efficient alternative to detailed traffic simulation models, allowing for faster analysis 
and prediction of traffic behaviour using machine learning techniques. From historical or simulated 
data input features and the output metrics of the metamodel need to be identified. Then a suitable 
machine learning algorithm such as regression models, decision trees, or neural networks is used to 
train the data. The model parameters are calibrated to minimize prediction errors and maximize 
performance metrics. The model is validated using a validation dataset and the final model is used 
for prediction. scenario analysis, sensitivity testing, or decision support in traffic management and 
planning. 

 
The online modelling, simulation, calibration, and prediction process are expected to be 
automatically triggered online, but also provisionally deployed based on user input. The data 
analysis process determines the threshold values for demand, supply, and traffic parameters. When 
the traffic state exceeds the threshold values due to certain events, the online process is triggered. 
In this project, the online process is utilized for various use cases such as demand estimation and 
traffic state prediction for the Keukenhof flower park event in spring or the Dutch coasts in summer, 
real-time impact assessment of traffic management strategies for the Thessaloniki case study, and 
real-time demand and supply prediction for PT, DRT, and freight for the Madrid case study, among 
others. 
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4.1.2. Peripheral Architectural Components 

Actors’ and Stakeholders 
Different actors and stakeholders influence the usage of the SYNCHORMODE modelling elements, 
including transport authorities, transport operators, infrastructure owners and operators, transport 
users, and travellers. Based on the three case studies, government elements at the local and 
regional levels are the major stakeholders (recipients) of the toolset. They are responsible for 
transport planning, policy development, infrastructure investment, regulation, and oversight. For 
example, the transport authority of Madrid is accountable for facilitating collaboration between 
logistic companies and PT operators. The transport providers operate and manage transport 
services throughout the network. This includes PT operators, DRT operators, logistic delivery 
operators, micromobility fleet operators, etc. The Madrid Regional Transport Consortium (CRTM) 
manages the PT service of Madrid, while CITYlogin acts as a last-mile logistics operator for a retailer. 
Similarly, in the Thessaloniki case study, Brainbox operates shared micromobility fleets. 
Infrastructure owners and operators are responsible for building, maintaining, and managing 
transport infrastructure such as roads, highways, bridges, and tunnels. Rijkswaterstaat, the national 
road authority, manages the national highways in the province of South Holland. Commuters, 
tourists, freight shippers, business travellers, and parcel recipients are also integral to this module, 
as they depend on transport services to fulfil their mobility requirements. Among other 
stakeholders, technology providers, data providers, parking area owners and service providers, and 
emergency responders also play key roles in this project. 
 

Data Element 
The data element focuses on identifying and aggregating data from various sources to facilitate the 
analysis and simulation of multimodal transport systems. These sources encompass a wide range of 
information, including travel demand data (e.g., mobile network data, travel surveys, smart cards, 
traffic sensors), traffic supply data (e.g., road networks, PT schedules), contextual data (e.g., 
weather, calendar), etc. Data can be broadly categorized into two types based on the frequency of 
updates: 1) static or historical data, which remains unchanged or is updated infrequently, such as 
PT historical data or road network models, and 2) real-time data, which is updated frequently, such 
as dynamic PT or DRT demand, or parking data. The collected data needs to be standardized and 
classified based on their quality, relevance, and complementarity for managing multimodal network 
systems. This element aims to achieve two primary objectives: i) reconstruction and analysis of 
passengers' and freight mobility patterns and ii) identification and characterization of bottlenecks 
and disruptions. 
 

Optimization Element 
This element aims to optimize the flow of both passengers and freight across various modes of 
transport using novel optimization techniques and AI-driven methods such as model-based multi-
objective optimization and deep reinforcement learning (WP5). Hence, this module aims to develop 
algorithms that facilitate the creation of more effective traffic management strategies by utilizing 
multimodal traffic conditions data from the data module and future traffic states and traffic 
assignments obtained from the previous module. This module focuses on key areas critical for future 
mobility, including synchronizing the movement of people and goods, coordinating on-demand and 
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shared mobility services with public transport, and improving network load balancing through 
advanced traffic management capabilities such as Cooperative, Connected, and Automated Mobility 
(CCAM). These efforts will also focus on optimizing response plans for traffic bottlenecks and event 
management scenarios. 
 

Observation and Impact Assessment Element 
This element aims to demonstrate the observation, analysis, and impacts of modelling, simulation, 
prediction, and optimization using Key Performance Indicators (WP6). Observation involves 
gathering data and information about the current state of the system. This data can include real-
time traffic flow data, historical performance metrics, environmental conditions, and other relevant 
factors. Observations provide the foundation for understanding the existing conditions and 
dynamics within the system. They help identify patterns, trends, and areas of concern that need to 
be addressed through modelling and optimization. Impact analysis involves assessing the potential 
consequences of changes or interventions within the system using modelling, simulation, 
prediction, and optimization. It includes evaluating the effects of policy changes, infrastructure 
upgrades, operational adjustments, or other interventions. It helps stakeholders understand how 
different scenarios or decisions might affect the system's performance and objectives. It provides 
insights into the potential risks, benefits, and trade-offs associated with various courses of action. 
KPIs are metrics used to measure the performance and effectiveness of the system. These metrics 
are typically aligned with the objectives and goals of the modelling and optimization process. The 
KPIs can be categorized as passenger perspective (such as average travel time, average waiting time, 
etc.), customer perspective (such as customer satisfaction), operator perspective KPIs (such as 
vehicle occupancy, revenue, delay, etc.), and transport authority perspective (such as road 
congestion, queue length, mode shift, solution reliability, accuracy, etc.). 

4.2. Data Inputs and Outputs 

The table below (Table 2) outlines the data inputs necessary to initialize and parameterize the WP4 
modules for each respective use-case. These data sources encompass a wide range of information, 
including network topology, travel demand patterns, operational characteristics of transport 
services, historical and real-time traffic data, as well as exogenous factors such as weather 
conditions and unplanned events. The data presented will interact either directly with the 
simulation and prediction modules, or indirectly through the data processing and fusion approaches 
applied in WP3, contributing in one of the following goals, 

1. Accurate representation of demand and calibration of existing simulation modules for the respective 
use-cases,  

2. Supply definition for the simulation of different operators (e.g., DRT controllers, PT scheduling) and 
network representation, 

3. Evaluation of different scenarios through the application of constraints in the simulation process, for 
both offline and online use-cases (e.g., road closure, bridge opening). 
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Table 2: Minimum Data needs for definition of simulation and prediction modules in WP4 

Data Category Madrid CS Dutch CS Thessaloniki CS 

Network 
Geometry 

Transport network layout  
(AIMSUN mesoscopic 
simulation model) 

Transport network 
layout (AIMSUN 
mesoscopic simulation 
model) 

Transport network layout 
(SUMO microscopic 
model) 

Demand 

Household surveys, E-
commerce, freight and 
itinerary data, Spanish 
census records 

OD matrices, Keukenhof 
visitors  

OD, Shared Mobility data 

Supply 

PT (vehicles and 
infrastructure), Land use 
data (residential, 
commercial etc.) 

Fleet data, Bridge 
openings predictions 

Parking data, PT (vehicles 
and infrastructure) 

Operational PT schedules 
PT schedules, Operator 
timetables 

PT schedules, Train 
operator data 

Historical/ 
Mobility Patterns 

Mobility network operator, 
Average speed, Traffic 
counts data 

Traffic counts, Average 
speed, Travel times 

Traffic counts, Travel 
times, FCD data, 
Flows/density, Average 
speed 

Exogenous Factors Weather data  
Weather data, Holiday 
schedule, Parallel 
events 

Planned/repeated 
events, Unplanned 
events 

 
In addition, the table below (Table 3) presents the outputs that will be provided from the simulation 
and prediction modules of WP4. These outputs encompass various performance metrics and 
indicators that characterize the behaviour and performance of the simulated transport system. 
Examples of these output metrics might include traffic volumes, travel times, vehicle speeds, 
congestion levels, and environmental/emission impacts, depending on the use-case under 
investigation. Part of these outputs will also serve as input for the optimization modules of WP5 for 
the evaluation of different interventions (e.g., social routing). 
 

Table 3: General output types for simulation and prediction modules in WP4 

Output Description 

OD Matrices 
Trip volume originating and terminating in each zone across a defined 
region. 

Skim Matrices 
Key metrics of travel between zones within the simulation area, including 
travel times, distances, and costs, serving as fundamental inputs for the 
optimization processes. 

Traffic Counts/ Flow 
Rates 

Quantitative measure of vehicular flow at specific control points within 
the network, typically measured per timestep. This output is crucial for 
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calibrating the simulation model to ensure that simulated traffic volumes 
align with the real-time data. 

Queue Lengths and 
Delays 

Metrics on congestion at critical junctions, quantifying both the length of 
vehicle queues and the associated delay times. This data is used to 
evaluate the efficiency of applied interventions and the effectiveness of 
congestion mitigation strategies. 

Vehicle 
Trajectories/Speed 
Profiles 

Mobility patterns of individual vehicles throughout the network, including 
positional coordinates and speed at various intervals. This output is useful 
for the evaluation of traveller’s within-day adaptation strategies. 

Supply and Load Data 
Assessment of the network's capability (supply) against its actual 
utilization (load), for identifying potential bottlenecks and operational 
optimization. 

4.3. Architectural Components 
4.3.1. Demand and Behavioural Response 

From a demand perspective, a primary objective of WP4 is to augment the existing simulation 
models with behavioural realism through the lens of the traveller. This enhancement aims to add 
layers of sensitivity and dynamicity to the simulated response to the various interventions applied 
within the use-case definition, allowing for a better representation of how travellers interact with 
and adapt to changes in the transport network. Specifically, prior to the traffic assignment process, 
adaptations related to the departure time, activity location and mode will also be considered, 
through the evaluation and contrasting of several behavioural theories (e.g, Neoclassical, Bounded 
Rationality). The following sections will delve into the different facets and add-on components that 
will be incorporated in WP4 for the purpose of demand prediction and behavioural response. 
 

Short-term Adaptation Component 
This component aims to predict how travellers adapt their habitual schedule when faced with 
exogenous constraints or fluctuations in their expected travel times within the day. When it comes 
to such within-day adaptations, Doherty et al. (2000) introduced the concept of dynamic scheduling, 
which involves continually adjusting activities in response to change until they're executed. Ben-
Akiva (2010) expanded on this with dynamic latent plan modelling, emphasizing that plans vary 
across short, medium, and long-term horizons and are influenced by situational constraints and 
personal factors. Though plans are often unseen, they significantly impact subsequent actions, 
making their study crucial. Integrating planning and action levels allows for more nuanced choice 
models and better predictions (Ben-Akiva, Abou-Zeid, & Choudhury, 2007). 
 
Thus, the observed choices are dependent on those latent states, which can be defined in both 
discrete and continuous forms. For instance, for the discrete case, a three-level decision framework 
for within-day replanning is depicted in : , involving the choice of plan (e.g., habit, adaptation, 
exploration), tactic (e.g., mode change, departure time adjustment), and action. Plans and 
intermediate tactics are latent, with only final actions observable. Thus, while distinct models are 
formulated for each stage, estimation can rely on the likelihood of observed actions.  
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Drawing from Psarra, Arentze, and Timmermans (2015), the three states that travellers are assumed 
to operate under are: 

• Habitual. Individuals tend to stick to familiar routines and resist significant changes when updating 
their schedules, preferring stability over constant utility optimization. The habitual state is defined 
as the default daily plan, representing the routine option selected by the traveller, unless a 
discrepancy in expected travel time triggers re-evaluation. 

• Adaptation. In face of real-time information or unplanned events, a traveller can choose to adapt by 
evaluating known alternatives. The strategy for adaptation, also termed 'exploitation,' can be 
influenced by both the type and reliability of information provided. 

• Exploration. When adaptation fails to yield satisfactory alternatives, the traveller may explore trip 
profiles with unknown attributes or previously untried alternatives. The exploration strategy draws 
from the field of reinforcement learning, where individuals seek to maximize long-term rewards by 
experimenting with new options. 

 
Therefore, the traveller selects a re-evaluation tactic based on the chosen plan, accounting for 
various adaptations including activity rescheduling/cancellation, departure time change, and mode 
shift. Furthermore, travellers can reassess different aspects of their plan while conducting an activity 
or en-route to their destination. At any re-evaluation moment, an individual's plan is influenced by 
explanatory variables and individual-specific characteristics. While alternative attributes are 
typically observable, some individual's characteristics remain latent. Specifically, incorporating 
latent psychological factors into a hybrid modelling framework has garnered research interest. For 
within-day re-evaluation, factors like resistance to change/inertia, information reliability, and 
mental effort have shown significant effect on the adaptiveness of travellers (Pappelis et al., 2022). 
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Figure 3: Short-term travel adaptation modelling framework (ref. HARMONY MS Tactical Level, 2021) 

Multiday Learning Component 
 
While the within-day component accounts for the short-term re-evaluation choices of the travellers, 
it is also important to capture how the experienced trips affect the context of mid-term decisions in 
multi-day scenarios (e.g, planned roadworks). 
 

Generally, the day-to-day component can be structured in three sub-components based on the 

work of Jotisankasa and Polak (2006) to derive how travellers i) trigger their learning mechanism ii) 

update their perceptions of network travel times (learning) and iii) adjust their behaviour (Figure 4). 

Once the binary decision/trigger of an individual to update his travel time perception is activated, 

both the perception of the travel time for the specific alternative and the perceptions for related 

alternatives are evaluated and updated. The main underlying factor behind day-to-day behavioural 

dynamics is the way travellers adapt their perceptions of network travel times. At the end of each 

simulation day, travellers may or may not update their travel time perception based on the 
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accumulated experience (HARMONY D5.1, 2021). A trigger process can be either event-based or 

defined on the number of elapsed days (time-based). Khademi et al. (2016) stated the importance 

of incorporating uncertainty as a core factor of traveller’s cognition mechanisms and classified 

existing frameworks based on their updating process and consideration of imprecision. 

 

 
Figure 4: Day-to-day learning modelling framework 

Three different approaches could be applied and evaluated during the modelling stage, depending 
on the needs of the respective use-case. 

• Weighted Average. This method involves formulating the perception of travel time in a specific 

period by taking a weighted average of travel times from previous periods (Etterna et al., 2005). Key 

considerations include the memory storage database's size and structure, the function governing the 

weights, and the inclusion of an error component. 

• Adaptive Expectations. The adaptive expectations approach posits that travellers adjust their 

perception of travel time based on the difference between actual and perceived travel times from 

the previous day (Axhausen et al., 1995). Essentially, this model maintains a memory of past 

experiences through an exponentially weighted moving average. However, a limitation lies in the 

constraint of perception to the most recent experience and prior beliefs. 

• Bayesian Approach. In the Bayesian approach, random variables represent each traveller’s mean 

and experienced travel times, reflecting their confidence and reliability in their information sources 

(Jha et al., 1998). This framework suggests that travellers update their perception daily, as proposed 

by Chen and Mahmassani (2004), who introduced triggering and terminating mechanisms for this 

process. The termination is determined by the traveller’s confidence in their travel time expectation, 

making them less sensitive to daily fluctuations. 

 

Information Acquisition and Compliance Component 
The information acquisition and compliance components aim to capture the bounded rationality 
effect among travellers when faced with advanced travel information -whether through 
smartphones, road signs or other sources- and how this information is absorbed and acted upon. 
This facet becomes particularly relevant in use-cases of the SYNCHROMODE toolbox such as social-
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routing, where understanding the extent to which individuals would utilize provided information 
and adhere to suggested directions is crucial. 
 
Traditionally, research in this field has relied on the economic concept of Rational Expectations, 
which assumes that individuals consistently make informed and optimizing decisions driven by their 
self-interest. However, this perspective doesn't fully explain why travellers often resist changes 
when faced with uncertainty. In recent years, there has been increasing interest in Rational 
Inattention (RI) theory, introduced by Christopher Sims in 2003. This theory suggests that individuals 
might intentionally make choices that seem suboptimal due to the costs associated with gathering 
and processing information. Building on this idea, Matejka and McKay in 2015 extended the RI 
theory to discrete choice models, considering limitations in information and cognitive capacity. This 
development has positioned RI as a significant framework for analysing decision-making in complex 
transport environments. Noteworthy applications of RI theory in transport include the research by 
Fosgerau (2019) and later Jiang (2020), which explored route and departure time selection under 
the RI framework through numerical simulations. Fosgerau et al. (2020) further demonstrated the 
equivalence between Random Utility Models (RUM) and RI models, offering an alternative 
perspective on traditional modelling approaches. From an empirical standpoint, Habib (2022) 
focused on practical applications of discrete choice models within the RI framework, particularly RI-
MNL and RI-NL models, highlighting their estimable use-cases. 
 

 
Figure 5: Demand shift framework under bounded rational travel time anticipation 

Thus, this component’s scope is to utilize models of Bounded Rationality and Rational Inattention 

specifically, either independently or in conjunction with the components of demand adaptation 

presented previously. For instance, Figure 2 depicts the conceptual framework for the incorporation 

of Rational Inattention in travel time anticipation and how this could be applied to evaluate demand 

shift actions in face of uncertainty (Pappelis et al., 2023). This enhancement can further increase 

the realism of the simulated scenarios, specifically for use-cases related to information provision, 

including but not limited to travel time, service pricing or frequency. 

4.3.2. Transport Supply 

Supply modelling involves quantifying the various different performance characteristics of the 
transport network under various conditions. It considers factors such as roadway capacity, 
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geometric design, traffic control devices, operational strategies and (lately) characteristics of 
emerging mobility services/concepts. By modelling supply, transport planners and engineers can 
assess the network's ability to handle current and future traffic demands and identify areas where 
capacity improvements or operational changes may be needed. 

• Inventory Data: Identification of inventories is the first step in supply modelling. It involves the 

physical components of the transport system, including roads, railways, ports, bridges, terminals, 

shared modes and other facilities related to the supply of transport mobility. For each facility, the 

physical characteristics (e.g. capacity, dimensions, condition, traffic volumes, speeds, and other 

relevant parameters are obtained). Geographic Information Systems (GIS) databases contain spatial 

data on transport infrastructure, often including attributes such as road classifications, lane 

configurations, speed limits, and elevation profiles. These datasets can also be obtained from 

government agencies or commercial providers. Operational data are collected using various 

techniques such as manual counts, automated sensors, remote sensing, etc. Some private companies 

specialize in collecting, aggregating, and selling transport-related data. These commercial providers 

offer comprehensive datasets on road networks, traffic flow, vehicle counts, and infrastructure 

conditions, often supplemented with proprietary data sources and analytical tools. Identification of 

inventories also involves identifying the modes of transport in the network. Data on different modes 

of transport such as automobiles, freight, and micro-mobilities can be obtained from government 

agencies, private operators, or commercial companies. This data includes information on vehicle 

types, volumes, capacities, schedules, and network attributes relevant to the vehicle type. The 

inventory data facilitates comprehensive analysis and decision-making processes related to supply 

modelling and the traffic assignment process. Along with infrastructure data and transport mode 

data, data on demand patterns, including travel demand forecasts, trip generation rates, mode 

shares, and OD matrices, also play a key role in supply modelling. 

• Network Representation: Network representation involves creating a digital model of the transport 
network using Geographic Information System (GIS) data and network modelling software. It 
includes the representation of roadway segments, intersections, traffic control devices, and other 
network elements. Nodes represent points of origin, destinations, or decision points within the 
transport system. These can include cities, towns, ports, airports, railway stations, bus stops, 
intersections, or any other significant location where travellers or goods interact with the transport 
network. Links, also known as edges or segments, represent the physical connections between 
nodes. These are the roads, railways, waterways, air routes, or other transport corridors that enable 
movement between locations. Links have attributes such as length, capacity, speed limit, travel time, 
and mode of transport. The arrangement of nodes and links forms the topology of the transport 
network. This topology can be represented using various types of network models, including directed 
graphs (for one-way links), undirected graphs (for bidirectional links), or multimodal networks 
(incorporating multiple transport modes). Each node and link in the network may have associated 
attributes that describe its characteristics, such as capacity, demand, cost, accessibility, reliability, 
and environmental impact. These attributes are essential for evaluating the performance and 
efficiency of the transport system under different scenarios. 

• Capacity Estimation: Capacity estimation involves analysing the available infrastructure, resources, 
and systems within a transport network to understand its ability to meet current and future 
demands. Infrastructure capacity and mode-specific capacity are two main components of capacity 
estimation. Along with that it is also important to identify the critical points within the transport 
network where capacity constraints occur, such as intersections, merge points, chokepoints, or areas 
prone to congestion. These bottlenecks can significantly impact system performance and may 
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require targeted interventions to alleviate capacity constraints. Capacity estimation methods may 
include analytical models, empirical formulas, or simulation-based approaches. The Highway 
Capacity Manual (HMC) provides standardized methodologies for estimating the capacity and 
performance of roadways, including freeways, intersections, and urban streets (Elefteriadou, 2016). 
It offers procedures for calculating capacity, delay, Level Of Service (LOS), and other performance 
measures based on traffic flow theory and empirical data. Field data collection methods such as 
traffic counts, vehicle surveys, and travel time studies provide empirical data on traffic volumes, 
speeds, and travel patterns. This data is used to calibrate and validate analytical models, estimate 
capacity, and assess performance measures such as LOS and travel time reliability. Observational 
studies of transport operations, including intersection delays, queue lengths, vehicle queues, and 
transit performance metrics help to identify capacity constraints, operational inefficiencies, and 
opportunities for improvement within the transport system. Simulation-based capacity estimation 
approaches can be microscopic, macroscopic, mesoscopic or hybrid. In microscopic simulation 
platforms are used to simulate individual vehicle movements within a transport network, allowing 
for detailed analysis of traffic flow, congestion, and operational performance under various 
scenarios. Microsimulation models consider factors such as driver behaviour, vehicle interactions, 
signal timings, and geometric features to estimate capacity and performance. Whereas, macroscopic 
models simulate aggregated traffic flow characteristics at a network level, providing insights into 
system-wide capacity, congestion, and performance. These models use simplified representations of 
traffic behaviour to estimate travel times, delays, and LOS across a transport network. Mesoscopic 
simulation provides a balance between detail and computational efficiency, making it suitable for 
analysing large-scale transport networks and corridor-level performance. Hybrid simulation offers 
flexibility and versatility by integrating multiple simulation paradigms and techniques, allowing 
adaption of transport system dynamics to address specific modelling needs and analysis objectives. 

• Performance Estimation: Performance evaluation in supply modelling involves assessing the 
effectiveness, efficiency, and quality of transport infrastructure and operations. It aims to 
understand how well the transport system functions in meeting the demands of users and 
stakeholders. The performance of transport infrastructure is evaluated in terms of level of service 
(LOS), travel times, speeds, delays, and reliability. LOS is a common measure used to evaluate the 
quality of service, categorizing the performance of facilities based on factors such as travel time, 
speed, congestion, and reliability. LOS is generally represented using qualitative descriptors or 
numerical scales and it is calculated for various elements of the transport network, such as road 
segments, intersections, ports, etc. Performance evaluation includes analysing travel times and 
speeds experienced by travellers or goods moving through the transport system. Average travel 
times, peak travel times, and variation in travel times (e.g., standard deviation, percentiles) are 
assessed to understand the reliability and predictability of travel conditions. Additionally, speed-flow 
relationships are analysed to assess the relationship between traffic flow rates and travel speeds 
under different levels of congestion. Performance evaluation involves quantifying congestion levels 
within the transport network. It includes identifying congested areas, peak travel times, and 
recurring congestion patterns. Measures such as volume-to-capacity ratio, density, and delay are 
used to quantify congestion and assess its severity. Congestion duration, extent, and spatial 
distribution are analysed to understand the impacts on system efficiency and user experience. In 
performance estimation, reliability measures are also important, referring to the consistency and 
predictability of travel times and service levels within the transport system. Some reliability metrics 
include variability, buffer time, and the probability of on-time arrival. Reliability analysis helps 
identify the risk and uncertainty associated with travel decisions and informs strategies to improve 
system reliability for users. Operational efficiency measures involve assessing the operational 
efficiency of transport infrastructure and operations. Measures such as throughput, capacity 
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utilization, and service rates are used to evaluate the efficiency of facilities such as roadways, 
intersections, railways, airports, and ports. Operational efficiency analysis helps identify bottlenecks, 
optimize resource allocation, and improve the utilization of transport assets. Safety performance is 
an important aspect of transport system evaluation, considering factors such as crash rates, injury 
severity, and fatality rates. Safety analysis helps identify high-risk locations, prioritize safety 
improvements, and enhance the overall safety of the transport system. Performance evaluation may 
also consider the environmental impact of transport infrastructure and operations, including factors 
such as emissions, air quality, noise, and energy consumption. Measures such as vehicle emissions, 
fuel consumption, and noise levels are assessed to understand the environmental footprint of the 
transport system. Environmental impact analysis helps identify opportunities to reduce 
environmental pollution and mitigate negative impacts on public health and the environment. 

• Traffic Flow Analysis: Traffic flow analysis analyses real-time traffic data to assess the current state 
and performance of the transport network. It involves analysing traffic flow patterns, including 
volume-flow relationships, speed-flow relationships, and capacity utilization. Volume-flow 
relationships help quantify the capacity of transport facilities and understand how flow rates change 
with varying levels of traffic volume. Speed-flow relationships illustrate how traffic flow rates change 
as travel speeds vary under different levels of congestion. Capacity utilization refers to the extent to 
which transport infrastructure is being used relative to its maximum capacity. It provides insights 
into the efficiency of infrastructure utilization and can help identify areas of congestion or 
underutilization within the transport network. It provides insights into the efficiency of infrastructure 
utilization and can help identify areas of congestion or underutilization within the transport network. 
Metrics like volume-to-capacity ratio, percentage of capacity utilized can be used to represent 
capacity utilization. Traffic flow analysis also involves assessing congestion levels within the transport 
network, studying the dynamic behaviour of traffic, including phenomena such as shockwaves, 
queuing, and congestion propagation etc. 

• Simulation and Calibration: Supply models load traffic into the network and determine vehicles’ 
movement patterns. The model includes a detailed representation of the transport network, 
comprising roads, intersections, nodes, and links. Infrastructure elements are defined with accurate 
geometry, capacities, lane configurations, and operational characteristics. Vehicles are modelled as 
individual elements with unique attributes such as size, speed, acceleration, deceleration, and 
behaviour. Different vehicle types may be represented to capture the diversity of traffic flow within 
the network. Behavioural models simulate driver decision-making processes, including route choice, 
lane-changing, merging, and interaction with traffic control devices. These models replicate real-
world driver behaviour based on empirical data, algorithms, and rules of the road. The model 
incorporates the effects of traffic control devices such as traffic signals, stop signs, yield signs, and 
lane markings. Traffic signal timings, phasing, coordination strategies, and priority rules are 
simulated to replicate real-world traffic control operations. Car-following models simulate the 
behaviour of individual vehicles as they follow or maintain a safe distance from preceding vehicles. 
Lane-changing models simulate the process of vehicles changing lanes to optimize their travel paths 
or respond to changing traffic conditions. Intersection models simulate vehicle interactions at 
intersections, including queuing, signal control, turning movements, and conflict resolution. Along 
with the infrastructure data and operational data, demand data including the OD patterns, trip 
generation rates, mode shares, and temporal distribution of travel demand within the network are 
considered as input to the supply model. The initial simulation is conducted to establish a baseline 
performance. Simulated outputs, such as traffic flow characteristics, travel times, congestion levels, 
and other performance metrics are compared with observed data to identify the areas that require 
adjustment. Adjustment of model parameters and re-run simulations are performed iteratively until 
satisfactory agreement between simulated and observed data is achieved. Finally, the calibrated 
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model is validated using independent datasets or additional observations to ensure its accuracy and 
reliability. The final model is used for conducting scenario analysis and predicting the impacts of 
different scenarios, policies, and interventions on transport system performance. 

4.3.3. Demand Supply Interactions 

Demand Supply Interactions refer to the mathematical modelling of demand interacting with supply 
in transport systems through the application of computer software. Those are commonly referred 
to network loading or traffic assignment models and could be analytical models or simulation-based. 
Those models are being used to better support the planning, design, management and control of 
transport systems. They can also produce visual demonstrations of present and future scenarios. 
The major modelling components, i.e., demand, supply, and data requirements, are described in 
the previous sections. This section focuses on both analytical and simulation models. Traffic 
assignment determines how demand is loaded onto the network, and the process of how traffic 
flows propagate with time through the network along the selected paths is known as network 
loading. For the SYNCHROMODE architecture, Demand Supply Interactions represents a sub-
module that supports operations for both the offline and online modules. Depending on the use 
case, different traffic assignment and simulation methodologies will be tested aiming at defining a 
balance between computational efficiency and accuracy. In the sections below a short overview of 
the envisaged sub-models applications are discussed. 

4.3.4. Analytical Traffic Assignment Models 

Traffic assignment models are commonly classified as static and dynamic. Static Traffic Assignment 
models assume that the OD demand is uniformly distributed over time (Jayakrishnan et al., 1995). 
In This method cannot describe time-dependent demand and dynamic flow characteristics. 
However, it is the most widely preferred tool for strategic transport planning due to its low 
computational costs. Several types of static traffic assignment models exist, including All or Nothing, 
Stochastic Traffic Assignment, Capacity Restrained Assignment, Incremental Assignment, User 
Equilibrium assignment, and System Optimum assignment (Saw et al., 2015). Specifically:  

• All-or-nothing assignment (AON) - In the AON assignment method, each Origin-Destination (OD) pair 
is assigned to the shortest path route between them without considering congestion or capacity 
constraints. This assignment assumes that travellers are rational and will always choose the shortest 
path. While being simple and computationally efficient, the AON assignment does not reflect real-
world traffic behaviour where travellers may consider multiple routes based on congestion and travel 
time. 

• Stochastic Traffic Assignment – The Stochastic Traffic Assignment approach operates under the 
assumption that route selection relies on perceived travel times or costs rather than precisely 
measured link travel times or costs. The travel times perceived by drivers are treated as random 
variables. Consequently, this methodology necessitates the consideration of alternative routes that 
may not be the optimal choice based on engineering or modelled costs or time. This introduces 
additional complexities, especially given the potentially vast number of alternative second-best 
routes between each OD pair. Stochastic models address the probability distribution of flow states 
and/or the expected flow state, rather than focusing on the trajectory of flow evolution. 
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• Capacity restraint assignment - Capacity-restrained assignment models incorporate capacity 
constraints on road segments into the assignment process. These models consider the available 
capacity of each link and allocate traffic demand to routes while ensuring that no link exceeds its 
capacity. Capacity-restrained assignment methods aim to capture the effects of congestion and 
capacity limitations on route choice behaviour. 

• Incremental assignment - Incremental assignment iteratively assigns traffic demand to routes, 
considering congestion effects after each iteration. In each iteration, the assignment is updated 
based on the current traffic flows and travel times, gradually converging to an equilibrium state. 
Incremental assignment methods include the Frank-Wolfe algorithm and Dial's algorithm. 

• User equilibrium assignment (UE) - UE models assume that travellers aim to minimize their travel 
time and choose the shortest perceived travel time route (Wardrop, 1952). These models seek to 
find a traffic flow distribution where no traveller can unilaterally improve their travel time by 
switching routes (Florian and Hearn 1995; Sheffi 1985). Algorithms used to solve UE models include 
the Frank-Wolfe algorithm, Dial's algorithm, and the method of successive averages. 

• Stochastic user equilibrium assignment (SUE) - SUE models incorporate randomness and uncertainty 
into route choice decisions, recognizing that travellers’ decisions may be influenced by variability in 
travel times or perceptions. These models seek to find a traffic flow distribution where the expected 
travel time on each route equals the perceived travel time for all travellers. Algorithms used to solve 
SUE models involve iterative procedures that adjust traffic flows based on perceived costs and 
random perturbations. 

• System optimum assignment (SO) - System optimum assignment seeks to minimize the total travel 
time across the entire transport network. Unlike user equilibrium assignment, which minimizes 
individual travel times, system optimum assignment aims to optimize network-wide performance by 
redistributing traffic to minimize overall congestion. System optimum assignment may result in 
different traffic flow patterns compared to user equilibrium assignment, particularly in congested 
networks. 

 
Dynamic Traffic Assignment describe the dynamic characteristics of the transport network. They 
estimate the evolution and propagation of traffic congestion through detailed models that capture 
travel demand, network supply, and their complex interactions. The DTA modelling approach can 
describe time-dependent dynamics of traffic and replicate the interactions between travellers’ 
choices (route and departure time) and the traffic network state. The figure below (Figure 6) 
represents a generic structure of a DTA model. It is worth mentioning that DTA can be performed 
using simulation, purely analytical models and a combination of the two (analytical models where 
traffic state is being simulated by a traffic simulator). 
 
Demand models estimate and predict OD trip patterns and simulate/model traffic behaviour, 
including departure time, mode choice, and route choice. Supply models capture traffic phenomena 
through detailed representations of network element capacities, and traffic dynamics resulting from 
speed/acceleration, lane changing, and merging/weaving behaviour. Various algorithms connect 
the demand and supply components to assign dynamic demand to the network and determine the 
temporal propagation of flows. The resulting traffic conditions, including speeds, densities, travel 
times, and delays, may be used for a variety of planning and real-time management applications. 
DTA models can also be classified into two categories: analytical-based models and simulation-
based models. Analytical-based models rely on analytical formulations such as mathematical 
programming, variational inequalities, and optimal control theory (Peeta and Ziliaskopoulous, 
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2001). Simulation-based models use a traffic simulator to mimic the dynamics of traffic flow and 
their interactions. Simulation provides a tool for modelling complex dynamic phenomena and 
therefore overcomes the challenges associated with employing analytical models (Mitsakis et al., 
2011). 
 

 
Figure 6: Structure of generic DTA model (ref. Balakrishna, 2006) 

4.3.5. Simulation Network Loading 

The network loading process focuses on how traffic propagates within a road network, influencing 
its performance in terms of travel time. Depending on the level of detail in the representation of 
traffic and the modeller's objectives, network loading models are classified into four categories: (1) 
macroscopic, (2) mesoscopic, (3) microscopic, and (4) hybrid. 

• Macroscopic Traffic Simulation Models: Macroscopic models represent traffic flow at an aggregate 
level, focusing on overall traffic patterns and flow characteristics rather than individual vehicle 
movements. These models use simplified equations, such as fluid dynamics or queuing theory, to 
describe traffic behaviour and analyse network-level performance. Macroscopic models are useful 
for analysing traffic congestion, network capacity, and the effects of large-scale transport 
interventions. 

• Microscopic Traffic Simulation Models: Microscopic models simulate individual vehicle movements 
and interactions within the transport network at a detailed level. These models consider factors such 
as vehicle acceleration, deceleration, lane changing, and gap acceptance behaviour. Microscopic 
models provide high-fidelity representations of traffic flow and are used to assess the impacts of 
traffic management strategies, signal timings, and infrastructure designs on individual vehicles and 
travel times. 

• Mesoscopic Traffic Simulation Models: Mesoscopic models bridge the gap between macroscopic and 
microscopic models by representing traffic flow at an intermediate level of detail. They simulate 
traffic as streams of vehicles moving along road segments, considering factors such as vehicle 
interactions, lane changing, and traffic signal operations. Mesoscopic models provide a balance 
between computational efficiency and realism, making them suitable for analysing urban traffic 
dynamics and corridor-level traffic operations. 

• Hybrid Traffic Simulation Models: Hybrid models combine elements of macroscopic, mesoscopic, and 
microscopic modelling approaches to capture different aspects of traffic flow behaviour. They offer 
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flexibility in representing traffic dynamics, allowing users to choose the appropriate level of detail 
for specific simulation scenarios. Hybrid models may, for example, use macroscopic representations 
for network-level analysis, mesoscopic representations for corridor-level analysis, and microscopic 
representations for detailed intersection-level analysis. 

 
In this project, we will use two traffic simulators to simulate the case studies. The Madrid and Dutch 
use cases will be simulated in the Aimsun Next traffic simulator, while the Thessaloniki case studies 
will be simulated in both Aimsun Next and SUMO.  

• Aimsun Next: Aimsun Next is widely used by transport engineers, planners, and researchers to model 

and simulate traffic flow in urban and transport networks. Aimsun Next offers all four types of 

simulation - macroscopic, mesoscopic, microscopic, and hybrid - and analysis. For this project, we 

will mainly utilize mesoscopic and hybrid approaches. Aimsun Next enables the modelling and 

simulation of various transport modes, including cars, public transport, bicycles, and pedestrians. 

This multi-modal capability allows users to analyse interactions between different modes of 

transport within the same simulation environment. The simulator supports dynamic traffic 

assignment, allowing users to model how traffic flows adjust in response to changing conditions such 

as incidents, road closures, or demand fluctuations. This feature is essential for evaluating the 

performance of transport systems under dynamic conditions. Aimsun Next offers tools for optimizing 

traffic signal timings, lane configurations, and other traffic control strategies. Users can conduct 

simulations to evaluate different control strategies and identify measures to improve traffic flow and 

reduce congestion. The software facilitates scenario analysis, allowing users to test different 

scenarios, policies, and infrastructure designs to assess their impacts on traffic performance. This 

feature helps inform decision-making in transport planning and policy development. Aimsun Next 

integrates with Geographic Information Systems (GIS) and other transport modelling and analysis 

tools, enabling users to leverage additional data sources and functionalities. The simulator also 

provides visualization tools for displaying simulation results, including real-time vehicle trajectories, 

traffic flow metrics, and graphical representations of the road network. Users can generate reports 

and visualizations to communicate findings effectively. The figure represents an example of an 

integrated architecture and hybrid framework. The integration relies on three main pillars: (1) an 

object-oriented database that contains all the information forms both the demand (mainly OD 

matrices per vehicle type and time periods and public transport schedules) and the supply (road 

infrastructure, traffic management actions, incidents, traffic signals, public transport lines, etc.), (2) 

three different network loading models (macroscopic, mesoscopic, and microscopic), and (3) three 

traffic assignment techniques, one static and two dynamic. 
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Figure 7: Aimsun internal structure (ref. Casas & Torday, 2011) 

• SUMO: SUMO is an open-source traffic simulation package primarily designed to simulate road traffic 
in urban environments. It allows users to simulate various aspects of traffic, including vehicles, 
pedestrians, traffic lights, intersections, and road networks. This simulator provides a flexible 
platform with a range of features, including vehicle models, road networks, traffic flow modelling, 
traffic control, and visualization. SUMO supports different vehicle types with customizable 
characteristics such as acceleration, deceleration, and maximum speed. Users can define road 
networks using OpenStreetMap data or custom network specifications. It allows for the creation of 
complex urban road layouts with intersections, traffic lights, lanes, and various road geometries. 
SUMO simulates vehicle movement based on realistic traffic flow models, including car-following 
models and lane-changing behaviour. Users can implement and evaluate different traffic control 
strategies such as traffic lights, priority rules, and dynamic traffic management systems. SUMO also 
provides visualization tools to display simulation results, including real-time vehicle trajectories, 
traffic flow metrics, and graphical representations of road networks. 

4.3.6. Traffic State Estimation and Prediction 

Traffic state estimation and prediction are essential components of transport management and 
control systems, aiming to accurately assess current traffic conditions and forecast future traffic 
states. Traffic state estimation involves inferring the current state of traffic within a transport 
network based on available data sources such as loop detectors, radar sensors, video cameras, GPS 
probes, and other traffic monitoring technologies. Multiple data sources are often integrated and 
fused using advanced algorithms, such as Kalman filters, particle filters, or Bayesian inference 
methods, to improve the accuracy and reliability of traffic state estimates. The output of traffic state 
estimation includes information on traffic flow, density, speed, occupancy, and other relevant 
parameters at different locations and times within the network. Many applications use traffic state 
estimation. For example, in this project, we aim to estimate traffic states for the Dutch case study 
to assess demand in surrounding beaches or flower gardens. 
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Traffic state prediction involves forecasting future traffic conditions based on historical data, current 
observations, and predictive models. Predictions may cover short-term (e.g., minutes to hours), 
medium-term (e.g., hours to days), or long-term (e.g., days to weeks) time horizons, depending on 
the application and forecasting objectives. Various modelling approaches, including statistical 
methods, machine learning techniques, and simulation-based models, are used to develop 
predictive models for traffic state forecasting. Predictive models utilize historical traffic data, 
weather information, special events, and other relevant factors as input to forecast future traffic 
states. Uncertainty assessment is essential in traffic state prediction to quantify the reliability and 
confidence of the predictions, considering factors such as data quality, model accuracy, and external 
influences. In this project, we aim to predict traffic states for both offline and online modules in the 
Madrid use case for PT, DRT, and freight prediction or for the Thessaloniki use case to predict delays 
for disruptions. 

4.3.7. Metamodel 

A metamodel-based approach for traffic simulation involves creating a surrogate model that 
approximates the behaviour of a detailed traffic simulation model. This metamodel learns the 
relationships between input parameters (e.g., traffic demand, road network characteristics) and 
output metrics (e.g., travel times, congestion levels) using machine learning techniques. The model 
requires historical or synthetic data from detailed traffic simulation models, field measurements, or 
historical records. The data should be pre-processed (cleaned, transformed, and aggregated) to 
create a dataset suitable for the metamodel. The dataset is then partitioned into training and 
validation sets for model training and evaluation. Next, relevant input features (independent 
variables) and output metrics (dependent variables) are identified for the metamodel. New features 
can be created from the raw data or the data can be transformed to capture important 
characteristics of the traffic system. An appropriate machine learning algorithm is then selected for 
training the metamodel, such as regression models, decision trees, random forests, or neural 
networks. The model is trained using the training data, and the model parameters are optimized to 
minimize prediction errors or maximize performance metrics. The trained metamodel is validated 
using the validation dataset to assess its accuracy, generalization ability, and predictive 
performance. Performance metrics such as mean absolute error, root mean square error, or 
coefficient of determination (R-squared) are used to evaluate the metamodel's performance. Once 
validated, the trained metamodel can be used to make predictions on new or unseen data. The 
metamodel is effective for scenario analysis, sensitivity testing, optimization studies, or decision 
support in traffic management and planning. It can be continuously refined as new data becomes 
available or as the traffic system evolves. Incorporating feedback from model users, domain experts, 
and stakeholders can also improve the metamodel's accuracy, relevance, and usefulness in real-
world applications. 
 
The main advantage of the metamodel-based approach is that it provides a computationally 
efficient alternative to detailed simulation models, allowing for faster analysis and prediction of 
traffic behaviour. Metamodels can capture complex nonlinear relationships and interactions 
between input parameters and output metrics, offering flexibility in modelling various traffic 
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scenarios and conditions. They can also be trained on large datasets and scaled to model traffic 
behaviour in different geographic regions, time periods, or transport networks. 
 
Several studies have established the effectiveness of the metamodel-based approach. 
Computational costs and time needed for simulation-based optimization rapidly increase for large 
and complicated traffic networks (Osorio, 2019). Therefore, many studies have focused on 
improving the efficiency of simulation-based optimization. In this context, the Simultaneous 
Perturbation Stochastic Approximation (SPSA) (Spall, 1998) algorithm has been widely adopted in 
studies of non-assignment matrix-based calibration since it reduces the required number of 
transport simulations dramatically compared to the traditional method: Finite Difference Stochastic 
Approximation (FDSA) (Spall, 1998). A metamodel approach was also proposed to enhance the 
computational efficiency of simulation-based optimization. The metamodel aims to encapsulate 
information from the transport simulator within a physical component, providing an analytical and 
mathematically tractable formulation relating OD matrices and simulation results. This approach 
successfully reduces the computational costs of the optimization problem by partially replacing the 
transport simulator with the metamodel (Osorio and Bierlaire, 2013). 
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5. SYCHROMODE Models - Process architecture 
The forthcoming section outlines the process architectures for different modules of Work Package 
4, including both inter but also intra-component interactions. 

5.1. Offline Simulation & Demand Re-evaluation 

The following (Figure 8) describes the process for simulating an offline scenario coupled with the 
Demand Prediction and Behavioural Response components described in the previous chapter. 
 

 
Figure 8: Integrated offline simulation and travel re-evaluation process diagram 

The workflow commences with the selection of a set of constraints or measures, defining the 

baseline parameters for the transport simulation, both from a demand and supply perspective. 

Subsequently, the simulation is initiated with the habitual demand as a basis. An evaluation loop is 

active throughout, assessing the dynamic state of the transport network at specific intervals in 

comparison to the typical day (e.g, travel times, traffic flows). In the case that deviations are 

detected that exceed pre-defined thresholds, then the adaptation components are activated, to 

give a prediction on the re-evaluation of the original demand. For the use-cases where the 

simulation models available are not microscopic, these models may provide an aggregated 

estimation in the form of the market shares for each alternative. The market shares are then utilised 

to update the demand, which could be in the form of OD matrices or Traffic Arrivals, before 

proceeding to the route assignment. The simulation process continues until completion and the 

desired KPIs are extracted for the analysis of the scenario under investigation. 
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5.2. Online Simulation & Prediction 

We proceed with an overview of the online simulation and prediction internal workflow. Figure 9 
describes the iterative process, comprised of state estimation, calibration, and hybrid state 
prediction, utilizing real time observed data. 
 
At the simulation initiation, the transport simulator is loaded with the historical demand and 
scenario parameters. These parameters encompass both behavioural aspects and supply-related 
factors, such as specific opening times of infrastructure elements like bridges or planned road 
closures.  
 

 
Figure 9: Online simulation and calibration module framework (adopted by Antoniou, 2004) 

Once real-time measurements are obtained for time step t from the network, they are compared 

with the simulated flows. Simulation parameters are then adjusted to reduce discrepancies 

between observed and simulated traffic flows (state estimation and calibration). This typically 

involves adjusting demand levels to replicate the observed network state. With the model 

calibrated, the simulator provides a prediction for the traffic conditions at time step t+1 (state 

prediction). The demand departing between time-steps t and t+1 is projected based on typical 

autoregressive processes or more complex data-driven methods. The aforementioned prediction 

step enables the assessment of interventions and their potential application ahead of time. 

Similarly, the process re-iterates with the arrival of new data, following the estimation-calibration-

prediction cycle. Each iteration refines the simulator’s capabilities, enhancing prediction accuracy 

over time. Nonetheless, to address potential delays in response to unforeseen exogenous factors, 

an extension of the process could involve integrating an external data-driven module for unplanned 

events identification. 
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6. Architecture Verification 
The final section of this deliverable serves a dual purpose. Firstly, it aims to compile all functional 
requirements identified throughout the deliverable, particularly those pertaining to the architecture 
of WP4 and specifically the transport management modeling of the SYNCHROMODE. Secondly, it 
seeks to validate the modules and components of the architecture, as presented in the third section, 
against the identified functional requirements. 
 
Through the following table (Table 4) an extensive list of functional requirements is presented as 
well as a mapping between the functional requirements and the modules and components, that will 
be developed, is provided. 
 

Table 4: Mapping of functional requirements with modules and components 

No Functional requirements Module Component 

1 
Be able to access (offline) all scenarios or 
combinations of road blockage and 
corresponding impact on demand 

Offline Modelling, 
Simulation, Calibration, 

and Prediction 

Model Definition, 
Simulation Setup and 

Execution, Model 
Calibration and Validation 

2 
Be able to estimate the demand at t = 0 for 
simultaneous roadworks 

Offline Modelling, 
Simulation, Calibration, 

and Prediction 

Prediction and Scenario 
Analysis, Demand 

Prediction and 
Behavioural Response 

3 Be able to estimate the demand at t = 0 to the 
nearby events 

Offline Modelling, 
Simulation, Calibration, 

and Prediction 

Prediction and Scenario 
Analysis 

4 
Be able to predict the demand at t = t’ (every 
30-60 minutes) for simultaneous roadworks 

Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Demand Prediction and 
Behavioural Response 

5 Be able to predict demand at t = t’ (every 30-
60 minutes) for PT, DRT, and logistics 

Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Demand Prediction and 
Behavioural Response 

6 Be able to predict demand at t = t’ (next day) 
for PT, DRT, and Logistics 

Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Demand Prediction and 
Behavioural Response 

7 
Be able to predict the demand at t = t’ (every 
week) for simultaneous roadworks 

Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Demand Prediction and 
Behavioural Response 

8 
Be able to update demand for in case there is 
a disruption 

Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Demand Prediction and 
Behavioural Response 

9 Be able to predict the impact of events 
(seasonal or others) on demand 

Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Demand Prediction and 
Behavioural Response 

10 
Be able to predict the events’ impact on the 
parking lots and the impact on demand 
based on availability of parking 

Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Demand Prediction and 
Behavioural Response 



 

D4.2: Report on the Conceptual Architecture of Transport Management Modelling Page 48 of 54 

Copyright © 2023 by SYNCHROMODE 

 

11 

Be able to predict travel choice behaviour like 
postponing the trip, using alternative routes, 
cancelation of the trip, transport mode 
shifting based on the disruption warning  

Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Demand Prediction and 
Behavioural Response 

12 
Be able to access (offline) all scenarios or 
combinations of road blockage and 
corresponding impact on supply 

Offline Modelling, 
Simulation, Calibration, 

and Prediction 

Model Definition 
Simulation Setup and 

Execution 
Model Calibration and 

Validation 

13 
Be able to estimate the supply at t = 0 for 
simultaneous roadworks 

Offline Modelling, 
Simulation, Calibration, 

and Prediction 

Prediction and Scenario 
Analysis 

14 
Be able to estimate the impact on supply (at t 
= 0) to the nearby events 

Offline Modelling, 
Simulation, Calibration, 

and Prediction 

Prediction and Scenario 
Analysis 

15 Be able to predict the supply at t = t’ (every 
30-60 minutes) for simultaneous roadworks 

Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Traffic State Estimation 
and Prediction 

16 
Be able to predict supply at t = t’ (every 30-60 
minutes) for PT, DRT, and logistics 

Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Traffic State Estimation 
and Prediction 

17 
Be able to predict supply at t = t’ (next day) for 
PT, DRT, and Logistics 

Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Traffic State Estimation 
and Prediction 

18 Be able to predict the supply at t = t’ (every 
week) for simultaneous roadworks 

Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Traffic State Estimation 
and Prediction 

19 Be able to update supply in case there is a 
disruption 

Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 
Transport Supply 

20 
Be able to predict the impact of events 
(seasonal or others) on supply 

Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Estimation and Prediction 
Hybrid or Metamodel-

based Prediction 

21 Be able to estimate (t=0) or predict (t=t’) 
congestion, bottleneck due to the events 

Offline Modelling, 
Simulation, Calibration, 

and Prediction 
& 

Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Prediction and Scenario 
Analysis 

& 
Demand Prediction and 
Behavioural Response 

22 
Be able to estimate (at t = 0) the impact on 
alternative routes due to roadworks 

Offline Modelling, 
Simulation, Calibration, 

and Prediction 

Prediction and Scenario 
Analysis 

23 Be able to predict (t=t’) the impact on 
alternative routes due to roadworks 

 Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Demand Prediction and 
Behavioural Response  

24 Be able to identify underutilised PT and DRT 
in every 30-60 minutes 

 Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Transport Supply, 
Demand Prediction and 
Behavioural Response 
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25 
Be able to identify underutilised PT and DRT 
for the next day 

 Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Transport Supply, 
Demand Prediction and 
Behavioural Response 

26 Be able to assign the passenger transport 
demand in PT and DRT 

 Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Demand Supply 
Interactions  

27 Be able to assign the parcel demand in PT, 
DRT and logistic vehicles 

 Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Demand Supply 
Interactions  

28 Be able to assign the demand in alternative 
routes and compare  

Offline Modelling, 
Simulation, Calibration, 

and Prediction 

Prediction and Scenario 
Analysis 

29 

Be able to predict the impact of exogenous 
factors (like weather) and contextual factors 
(day of a week, time of a day, holidays) on 
demand and supply in case of seasonal 
events. 

 Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Metamodel, Demand 
Prediction and 

Behavioural Repsonse, 
Traffic State Estimation 

and Prediction 

30 

Be able to access (offline) the criticality of a 
network based on centrality, connectivity, 
accessibility, alternate routes, 
facilities/amenities of the area, demand, and 
supply 

Offline Modelling, 
Simulation, Calibration, 

and Prediction 

Model Calibration and 
Validation, Transport 

Supply 

31 
Be able to access (offline) the effectiveness 
of traffic management scenarios on the road 
blockage  

Offline Modelling, 
Simulation, Calibration, 

and Prediction 

Simulation Setup and 
Execution, Model 

Calibration and Validation 

32 
Be able to automatically identify real-time 
events or any abnormality or disruption 
(congestion, bottleneck) in the network.  

 Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Traffic State Estimation 
and Prediction 

33 Be able to predict cascading congestion, 
bottleneck at t=t' due to the identified event. 

 Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Traffic State Estimation 
and Prediction 

34 
Be able to manually or automatically identify 
the traffic management scenario applicable 
for the event 

Peripheral Architectural 
Components 

Optimization Element 

35 
Be able to automatically identify an event is 
resolved 

 Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Traffic State Estimation 
and Prediction 

36 

Be able to predict KPIs – impact on travel 
time and waiting time of passenger, delivery 
time of parcel, travelled distance and 
emission by logistic delivery agents, last-mile 
logistic operators’ shipping cost per parcel, 
PT operator net revenue per parcel, impact 
on PT occupancy. 

 Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Traffic State Estimation 
and Prediction 

37 

Be able to compute and predict KPIs – impact 
on travel time and waiting time of 
passengers, impact on PT schedule, PT 
frequency and PT occupancy, reliability of 
estimation and prediction. 

 Online Modelling, 
Simulation, Calibration, 

Estimation, and Prediction 

Traffic State Estimation 
and Prediction 
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38 

Be able to compute and predict KPIs – impact 
on travel time and waiting time of 
passengers, air pollution and road traffic 
emissions, reliability of estimation and 
prediction 

Peripheral Architectural 
Components 

Observation and Impact 
Assessment Element 

39 

Be able to compute and predict KPIs – event 
recovery time, Travel times, delays, queue 
length, mean speed, traffic volumes, 
throughput, CO2 emissions, energy 
consumption, reliability, and service quality 
of Public Transport 

Peripheral Architectural 
Components 

Observation and Impact 
Assessment Element 

 
In conclusion, this final section of the deliverable comprehensively covers all identified functional 
requirements for the architecture of WP4 and transport management modeling, ensuring thorough 
alignment. Also, each of the functional requirements is covered by at least one module and one 
component. 
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7. Conclusions 
The SYNCHROMODE project aims to support transport planning, management, and control by 
providing insights into traffic behaviour, performance, and optimisation strategies. This report 
outlines the framework and components of the modelling components designed to represent and 
analyse transport systems.  The key components of this architecture are demand and supply models, 
traffic simulation models, traffic state estimation and prediction, and a metamodel-based approach. 
The demand model estimates and predicts OD trip patterns, mode choices, and route selections. It 
simulates traveller behaviour and preferences to understand travel demand and its impact on the 
transport network. The supply model represents the infrastructure and operational characteristics 
of the transport network. It includes detailed representations of road segments, intersections, 
traffic control devices, and vehicle dynamics. Traffic simulation models simulate traffic flow within 
the transport network. These components assess current traffic conditions and forecast future 
traffic states. The models utilise data from various sources, such as loop detectors, radar sensors, 
and GPS probes, along with predictive models to estimate and predict traffic flow, density, speed, 
and occupancy. The metamodel-based approach involves creating surrogate models that 
approximate the behaviour of detailed traffic simulation models. These metamodels leverage 
machine learning techniques to learn relationships between input parameters and output metrics, 
providing a computationally efficient alternative for traffic simulation and prediction. 
 
The proposed simulation and prediction framework will utilize two traffic simulators: Aimsun Next 
and SUMO. Aimsun Next offers macroscopic, mesoscopic, microscopic, and hybrid simulation 
capabilities, along with dynamic traffic assignment and optimization tools. SUMO is an open-source 
simulator designed for road traffic simulation in urban environments, supporting various vehicle 
types, traffic control strategies, and visualization features. The proposed traffic simulation system 
combines advanced modelling techniques with state-of-the-art simulation tools to support 
transport planning, management, and decision-making. By accurately representing traffic dynamics 
and interactions within urban transport networks, the system will provide valuable insights for 
optimizing traffic flow, improving infrastructure design, and enhancing overall mobility and 
efficiency. 
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