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API  Application Programming Interfaces  

ATG  ASOCIATIA TEHNOPOL ς GALATI  

BAPLIE  Bay Plan Including Empties message  

BEIA  BEIA CONSULT INTERNATIONAL SRL  

BMS  Building Management Systems  

CERTH  CENTRE FOR RESEARCH & TECHNOLOGY HELLAS  

COARRI  Container discharge/loading report message  

COEL  COSCO SHIPPING LINES (GREECE)ANONYMI ETAIREIA  

COPRAR  Container Pre-Arrival message  

CPS  Cyber-Physical Systems  

CPU Central Processing Unit 

CSLS  COSCO SHIPPING LINES SPAIN SA  

CSS Cascading Style Sheets 

D  Deliverable  

DHL  DHL EXEL SUPPLY CHAIN SPAIN SL  

DSS  Decision Support System  

DUT  Unified Transport Document  

E2E End-to-End 

EBOS  eBOS TECHNOLOGIES LIMITED  

EDI  Electronic Data Interchange  

EDIFACT  Electronic Data Interchange for Administration, Commerce and Transport  

EF Emission Factor 

EI  Expected impact  

EO  Expected outcome  

ETA Estimated Time of Arrival 

EU  European Union  

euRIS  European River Information Services  

FR  Functional Requirement  

FV CǳƴŘŀŎƛƽƴ ±ŀƭŜƴŎƛŀǇƻǊǘ 

FVP  C¦b5!/Ljb 59 [! /ha¦bL5!5 ±![9b/L!b! t!w! [! Lb±9{¢LD!/LhbΣ twhah/Ljb ¸ 
ESTUDIOS COMERCIALES DE VALENCIAPORT  

GA  Grant Agreement  

GHG  Greenhouse Gas  
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GOLD  GOLDAIR EXYPIRETISEIS EDAFOUS ANONIMI ETAIREIA  

HIT Hellenic Institute of Technology 

HTML Hypertext Markup Language 

HTTP Hypertext Transfer Protocol 

IATA  International Air Transport Association  

ICT  Information and Communication Technology  

IMEC  INTERUNIVERSITAIR MICRO-ELECTRONICA CENTRUM  

IMO International Maritime Organization 

IoT  Internet of Things  

ITS  Intelligent Transport Systems  

JSON  JavaScript Object Notation  

KPI  Key Performance Indicator  

KPA Key Performance Area 

MDM  METRO DE MADRID SA  

ML  Machine Learning  

MQTT Message Queuing Telemetry Transport 

NAVR  COMPANIA DE NAVIGATIE FLUVIALA ROMANA NAVROM SA  

OBUs  On-Board Units  

PCS  Port Community System  

PCT  Piraeus Container Terminal  

PCDP Piraeus Consolidation & Distribution Center 

PortCDM Port Collaborative Decision-Making 

QR Quick Response 

RBAC Role-Based Access Control 

RORIS  Romanian River Information Services  

RTSP  Real Time Streaming Protocol  

SCADA  Supervisory Control And ata Acquisition  

SFTP  Secure File Transfer Protocol  

SotA  State-of-the-Art  

SQL  Structured Query Language  

T  Task  

T&L  Transport and Logistics  

TCCFR  TELECOMUNICATII CFR SA  

TEN-T  Trans-European Transport Network  
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TMS  Transport Management System  

TOS  Terminal Operating System  

TRL  Technological Readiness Level   

UC  Use Case  

UI  User Interface  

URLLC  Ultra-Reliable Low-Latency Communications  

V2V  Vehicle to Vehicle  

V2X  Vehicle to Everything  

VAT  Value-Added Tax  

WINGS  WINGS ICT SOLUTIONS INFORMATION & COMMUNICATION TECHNOLOGIES IKE  

WMS  Warehouse Management System  

WP  Work Package  

XML  eXtensible Markup Language  

XLS  Excel File format  

ZSI  ZENTRUM FUR SOZIALE INNOVATION GMBH  
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1 Executive Summary 

Deliverable (D) нΦн άChw-FREIGHT multimodal transport platform - CƛǊǎǘ Ŧǳƭƭ ŘǊƻǇέ ŀƛƳǎ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ŀƴŘ 
present the first full drop of solutions developed in Work Package (WP) 2, following the contents of D2.1. This 
document encompasses an initial full drop of solutions for the FOR-FREIGHT platform including the central 
platform and a set of solvers that have reached a level of maturity where they can be demonstrated as to their 
utility towards solving a real-world problem. 

The contents of this document cover the first full drop of solutions for the FOR-FREIGHT platform, highlighting 
the implementation and integration of the various available components and the functionalities they offer. The 
deliverable starts with a summary of the contributions from other tasks and deliverables that are important for 
this document. A brief description of the coordination of the development, implementation and integration of 
the platform is provided, followed by a description of each Use Case (UC) regarding the components developed 
within their trial sites. These are followed by a similar component description for the central platform and the 
user interface before a demonstration of the End-to-End (E2E) solutions.  

The main purpose of this deliverable is to present and demonstrate the first full drop of the FOR-FREIGHT 
platform, following the steps described above, building upon the initial drop. Thus, it showcases the progress 
made in developing, implementing and integrating various components of the platform. It highlights the level of 
maturity the platform has reached. 

¢Ƙƛǎ ŘƻŎǳƳŜƴǘ ŀƛƳǎ ǘƻ ŘŜǘŀƛƭ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘΣ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀƴŘ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ ŎƻƳǇƻƴŜƴǘǎΣ 
including specific solvers for the different UCs. Not only including information regarding the development and 
integration of the various components but also showcasing their functionalities individually and included in E2E 
ǎŎŜƴŀǊƛƻǎ ōǳƛƭǘ ǘƻ ǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ǳǎŜǊΩǎ ƴŜŜŘǎΦ 

The various contributions towards the first full drop are summarised within this document illustrating how they 
have collectively influenced the development of the platform as a whole. This includes not only the development 
itself, but other inputs, such as requirement analysis, methodologies, architectures and planning. 

This document showcases a significant stage in the FOR-FREIGHT project, depicting the growth from initial 
planning to a platform with developed and integrated solutions capable of addressing multiple needs in the field 
of multimodal transport. 

This deliverable will be used as a basis for D2.3: άChw-FREIGHT multimodal transport platform ς Cƛƴŀƭ Ŧǳƭƭ ŘǊƻǇέ, 
with the inclusion of information regarding the implementation and integration of the solvers that are not 
included in this first full drop, it also documents the processes to be followed for the upcoming development 
stages of the project. 
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2 Introduction  

As an outcome of WP2, which mainly focuses on the implementation of the solutions defined in previous tasks, 
this deliverable contains detailed information on the various processes included in the development stage of the 
project and their integration with the ǊŜƳŀƛƴŘŜǊ ƻŦ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ ŎƻƳǇƻƴŜƴǘǎΦ 

The tasks highlighted in this document include Task (T) 2.1 Development planning, coordination & knowledge 
exchange, T2.2 Sea port - last-mile solution development, integration & testing (Spanish use case (UC)), T2.3 
River port - Rail solution development, integration & testing (Romanian UC), T2.4 Airport - Sea port solution 
development, integration & testing (Greek UC) and T2.5 FOR-FREIGHT platform development & trial site 
solutions integration (Central platform).  

This document is related to Implementation Objectives 1 and 2. Objective 1 expects the design and development 
of novel and interoperable Transport and Logistics (T&L) solutions, which are covered in this document, 
especially regarding the solving processes encasing multiple solvers. Objective 2 is focused on the three T&L 
experimentation facilities and expects not only the usage of a mix of legacy systems and components proposed 
by FOR-FREIGHT but also a central platform and other functionalities included in different UCs, all of which can 
be found in either the UC sections or the central platform section. 

With the development of different solvers for the various UCs, this document will have each UCΩǎ ƛƴǇǳǘǎ ǿƛǘƘƛƴ 
a specific section and an additional section for the central platform with its developments in the various 
components it includes. Since this deliverable focuses on the solutions included in the first full drop of solutions, 
the different components will be represented in terms of their development, implementation, and integration. 
This includes an overview of the development process, what concerns and actions were taken to implement the 
developed solutions and how are they integrated within the platform. Certain individual components are also 
demonstrated as they offer unique capabilities that can be showcased for the utility they bring to the platform 
or its users. 

To further showcase the solutions contained herein, not only are the solvers included in the first drop 
demonstrated, but this document also includes a demonstration of the E2E solutions, considering different 
aspects of the platform towards solving a real-world multimodal transport problem. 

 

2.1 Mapping FOR-FREIGHT Outputs 

This section presents the FOR-FREIGHT Ψǎ Grant Agreement (GA) commitments, as extracted from the formal 
deliverable and task description, with respect to their outputs and work to be performed. The purpose is to aid 
the reviewer in ŦƛƴŘƛƴƎ ǘƘŜ ǎǇŜŎƛŦƛŎ ǎŜŎǘƛƻƴǎ ƻŦ ǘƘŜ ŘƻŎǳƳŜƴǘ ǿƘŜǊŜ ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ ǘŀǎƪǎΩ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀǊŜ 
addressed but also to guide the author through and serve as a checklist to address everything that needs to be 
addressed. 

Table 2-1: Adherence to FOR-&2%)'(4ȭÓ '! $ÅÌÉÖÅÒÁÂÌÅ Ǫ 4ÁÓËÓ $ÅÓÃÒÉÐÔÉÏÎÓ 

FOR-FREIGHT 
GA 

Component 
Title 

FOR-FREIGHT GA Component Outline 

Respective 
Document 
Chapter(s) 

Justification 

DELIVERABLE 

D2.2 FOR-
FREIGHT 
multimodal 
transport 

άCƛǊǎǘ Ŧǳƭƭ ŘǊƻǇ ƻŦ ǘƘŜ 9н9 Chw-FREIGHT mature 
logistics solutions, including integration to the 
central FOR-Cw9LDI¢ ǇƭŀǘŦƻǊƳΦέ 

Chapter 3 

Chapter 3 summarises 
how other tasks and 
deliverables have 
contributed to D2.2. 
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platform - First 
full drop 

Chapter 4 

Chapter 4 describes the 
development, 
implementation and 
integration processes 
regarding the 
methodologies and 
standards considered. 

Chapter 5 

Chapter 5 contains 
extensive descriptions of 
the solutions developed 
in the SpanishUC. 

Chapter 6 

Chapter 6 contains 
extensive descriptions of 
the solutions developed 
in the GreekUC. 

Chapter 7 

Chapter 7 contains 
extensive descriptions of 
the solutions developed 
in the RomanianUC. 

Chapter 8 

Chapter 8 describes the 
ǇƭŀǘŦƻǊƳΩǎ ŀǊŎƘƛǘŜŎǘǳǊŜ 
and describes the 
various components that 
make the central 
platform. 

Chapter 9 

Chapter 9 displays 
various examples of E2E 
solutions to 
demonstrate the 
ǇƭŀǘŦƻǊƳΩǎ 
functionalities. 

TASKS 

T 2.1 
Development 
planning, 
coordination 
& knowledge 
exchange 

ά¢Ƙƛǎ ǘŀǎƪ ǿƛƭƭ ƳƻƴƛǘƻǊ ŀƴŘ ƪŜŜǇ ǘƘŜ ǇŀŎŜ ƻŦ 
developments across the different trial sites 
following the internal co-design process from 
T1.2. Common implementation cycles 
(prototyping, testing, upgrading, verifying) should 
be followed, i.e., DevOps, to make sure that no 
trial site deviates from plan. The task will 
guarantee that all developed solutions in the trial 
sites are compatible and have the proper 
interfaces for interworking with the central FOR-
FREIGHT platform. Through this task the 

Chapter 4 

 

The scope of task 2.1 is 
used throughout the 
remaining tasks in WP2, 
by providing the 
methodologies for a 
successful development 
of the various solutions 
to be included in the 
platform. 
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knowledge exchange between trial sites will be 
facilitated as well as the interaction with other 
WPs, to guarantee the suitability of the 
developed solutions with the envisioned UCǎΦέ 

T 2.2 Sea port 
- last-mile 
solution 
development, 
integration & 
testing 

ά¢Ƙƛǎ ǘŀǎƪ ǿƛƭƭ ŜȄǇƭƻǊŜ ǘƘŜ ŜȄǘŜǊƴŀƭ ŀƴŘ ƛƴǘŜǊƴŀƭ 
factors, processes, information flows and data 
exchange platforms involved in the logistics 
environments of the UC to be instantiated in the 
ES trial (see Section 1.2.1.4). The implementation 
and development activities will take place in 
order to realise the solutions envisioned for the 
Spanish UC as defined in T1.2 in a manner 
compatible with the overall FOR-FREIGHT 
platform design, as defined in T1.4. The 
implementation activities include (among others) 
the HW deployment and integration with the ES 
platform, SW development, the integration of the 
input received by the various management 
systems of the ES trial stakeholders, testing and 
ǳǇŘŀǘŜǎΣ ŀƴŘ ƳƻǊŜΦέ  

Chapter 5 

The solutions developed 
in the Spanish UC are 
described in terms of  
their implementation 
and integration 
processes and related to 
the timeline. Additional 
UC information, such as 
Key Performance 
Indicators (KPIs) and 
other activities is 
included. 

T 2.3 River 
port - Rail 
solution 
development, 
integration & 
testing 

άLƴ ǘƘƛǎ ǘŀǎƪΣ ǘƘŜ ǊŜƭŜǾŀƴǘ {² ǿƛƭƭ ōŜ developed to 
guarantee the security of the communication and 
control of FOR-FREIGHT for river port-rail 
solution, focusing on the wireless communication 
between vehicles as well as the surrounding 
technical infrastructure, authentication of devices 
in a secure fashion, and heterogeneity of 
protocols. This task also addresses the 
development of SW for the coordination 
between vehicle resources and human resources 
in hybrid workspaces to fulfil the tasks laid out by 
the business context in a safe and efficient 
manner. This task will deliver all the necessary 
technologies, platform, and components for the 
realisation of the Romanian multimodal use case 
ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ {ŜŎǘƛƻƴ мΦнΦмΦпΦέ 

Chapter 7 

The solutions developed 
in the Romanian UC are 
described as to their 
implementation and 
integration processes, 
and related to the 
timeline. Additional UC 
information is included 
such as KPIs and other 
activities. 

T 2.4 Airport - 
Sea port 
solution 
development, 
integration & 
testing 

άLƴ ǘƘƛǎ ǘŀǎƪ ǘƘŜ ǇŀǊǘƴŜǊǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ Dw ǘǊƛŀƭ 
will perform the implementation and 
development activities, that will realise the 
solutions envisioned for the GR UC as defined in 
T1.2 in a manner compatible with the overall 
FOR-FREIGHT platform design, as defined in T1.4. 
The implementation activities include (among 
others) the HW deployment and integration with 
the GR platform, SW development, the 
integration of the input received by the various 
management systems of the GR trial 

Chapter 6 

The solutions developed 
in the Greek UC are 
described as to their 
implementation and 
integration processes, 
and related to the 
timeline. Additional UC 
information is included 
such as KPIs and other 
activities. 
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stakeholders, testing and updates, and more. The 
output of this activity will be a fully functioning 
multimodal platform enabling the seamless 
transport of cargo from Piraeus port to the 
Athens International Airport (AIA), as described in 
ǘƘŜ Dw ¦/ ŘŜǎŎǊƛǇǘƛƻƴ ƛƴ {ŜŎǘƛƻƴ мΦнΦмΦпΦέ 

T 2.5 FOR-
FREIGHT 
platform 
development 
& trial site 
solutions 
integration 

ά¢Ƙƛǎ ǘŀǎƪ ƛǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 
the central FOR-FREIGHT platform functionalities, 
that will be exposed to the experimenters, 
including the user Interface, monitoring tools, 
experimentation setup tools, etc. The three 
individuals trial site solutions implemented will 
be integrated with the central FOR-FREIGHT 
platform as part of this task, and E2E access to 
each of the sites will be guaranteed through this 
centralisŜŘ ǇƭŀǘŦƻǊƳΦέ 

Chapter 8 

The overall architecture 
of the platform is 
described, with 
additional details 
regarding the 
components within the 
central platform. The 
implementation and 
integration activities 
regarding the 
components are 
included. 

 

2.2 Linkage to other project outputs  

This section gives details of the interdependencies of the respective deliverable with other WPs, project outputs, 
etc., as provided on the table below. 

Table 2-2: Links to other Project Outputs/ Work 

WP 
Number 

Task 
Number 

Deliverable 
Number 
related 

Content 

WP1 

T1.2 

T1.3 

T1.4 

D1.2 

D1.3 

D1.4 

The main purpose of WP1 is to analyse the T&L State of the Art (SotA) 
encountering existing barriers and opportunities for improvement 
while defining the detailed use case definitions as well as the design 
of the architecture of the platform. T1.2 initiates the definition of the 
UCs, with specific requirements identified for each of them. The 
technological and business validation procedures are defined within 
T1.3. ¢ƘŜ ǇƭŀǘŦƻǊƳΩǎ ŀǊŎƘƛǘŜŎǘǳǊŜ ƛǎ ŦƛǊǎǘ ŘŜǎŎǊƛōŜŘ ƛƴ ¢мΦп, and its 
output is used throughout WP2. 

WP2 

T2.1 

T2.2 

T2.3 

T2.4 

T2.5 

D2.1 

D2.3 

WP2 aims to develop, implement and integrate the solutions defined 
as requirements for each of the use cases as well as the central 
platform, following the designs achieved in WP1. The development 
and integration coordination is undertaken in T2.1, responsible for 
maintaining the pace across the different use cases and facilitating 
integration. T2.2 focuses on developing seaport and last-mile 
solutions in the Spanish trial site. T2.3 revolves around river port-rail 
solution development, namely the communication between vehicles 
and technical infrastructure in the Romanian trial site. T2.4 deals with 
airport-sea port solution development and the compatibility of its 
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components with the overall platform. T2.5 delves into developing the 
central platform and integrating the various trial site solutions for E2E-
access.  

WP3 

T3.1 

T3.2 

T3.3 

T3.4 

T3.5 

D3.1 

D3.2 

D3.3 

WP3 is responsible for the trial planning and execution in the three 
use cases. Task 3.1 focuses on defining trial preparation methodology 
and trial execution guidelines, providing a comprehensive approach 
for trial setup, configuration, calibration, testing, and results 
collection. This task is closely linked with following the development 
status of the solvers for each UC. T3.2, T3.3 and T3.4 are responsible 
for conducting trials in each trial site, including trial cycle 
management, data collection, and feedback. The trials will be 
conducted using the solvers developed in WP2. T3.5 is responsible for 
analysing and evaluating the trial results, including KPI analysis, 
metrics, and best practices benchmarking, using a holistic evaluation 
framework, showcasing the performance of the applications.   

 

2.3 Deliverable Overview and Report Structure 

This section describes the structure and content of the deliverable in a summarised manner, with each chapter 
and its respective content within. 

Chapter 3 summarises how other tasks and deliverables ǘƘŀǘ ŀǊŜƴΩǘ ŘƛǊŜŎǘƭȅ ƛƴǾƻƭǾŜŘ ǿƛǘƘ ǘƘŜ ŎƻƴǘŜƴǘǎ ƻŦ ǘƘƛǎ 
document have contributed, directly or indirectly to the overall success of this deliverable. These previous tasks 
support not only the development of the solutions described in this document, but also lead the development 
by depicting frameworks that are used throughout the various steps. 

Chapters 4 through 7 are directed towards the developments regarding the Spanish, Greek and Romanian UCs, 
from comparing the actual development timeline with the original predicted timeline, to a description of the 
various solutions developed that are to be included for the first drop of solutions. These descriptions include not 
only development-related discussions but also the business logic, specific timelines for each of the solvers and, 
in some cases, a brief demonstration of the capabilities of the given solver. 

Chapter 8 discusses the architecture of the FOR-FREIGHT platform, including its several layers and explains its 
intended purposes clearly. This chapter also contains information regarding the development of the various 
components of the central platform, including demonstrations when applicable. Lastly, the chapter includes a 
section dedicated to the efforts towards developing the FOR-FREIGHT user interface. 

Chapter 9 contains demonstrations of at least one E2E solution for each of the use cases. These include the 
functioning of the platform, from the point a request is made to the platform to the intended response being 
received. It includes every step, which involves the use of the workflow engine to ensure the chain of 
communication between the various solvers required to solve a given issue. 

Lastly, this report also includes its conclusion which presents a summary of this document mentioning the 
original goals for the deliverable and what was achieved within it, as well as how the previous tasks have affected 
the overall content. 
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3 Contribution from other Tasks and Deliverables 

This section contains important inputs from previous tasks and deliverables that have a significant impact on this 
deliverable. Each task included in this section will be explained in terms of its initial objectives and outputs. The 
tasks included in this section are the following: 

¶ ¢мΦн άwŜǉǳƛǊŜƳŜƴǘǎ ŀƴŀƭȅǎƛǎ ŀƴŘ ¦ǎŜ ŎŀǎŜ ǊŜŦƛƴŜƳŜƴǘέ ς This task is responsible for studying and 
analysing the SotA to accurately define requirements for the use cases before their development, thus 
enabling the planning and problem mitigation for the different use cases; 

¶ ¢мΦо ά¢ŜǎǘƛƴƎ ŀƴŘ ±ŀƭƛŘŀǘƛƻƴ aŜǘƘƻŘƻƭƻƎȅέ ς Responsible for defining the methods to be used for testing 
and validating the various solutions developed throughout the project. These methods include the 
acceptance procedures for both the technological and business logic of the various solutions; 

¶ ¢мΦп άChw-Cw9LDI¢ ǎƻƭǳǘƛƻƴ ŀǊŎƘƛǘŜŎǘǳǊŜ ϧ ŘŜǎƛƎƴέ ς Within this task the architecture for the FOR-
FREIGHT platform is defined including its various components and how they will be integrated with the 
platform; 

¶ D2.1 FOR-FREIGHT multimodal transport solutions - Early (testing) drop ς This deliverable has analysed 
each UC and identifies the methodologies to be used throughout development as well as several tools 
for not only coordinating development but also regarding the implementation of solutions. 
 

3.1 Input from  4ΣȢΤ Ȱ2ÅÑÕÉÒÅÍÅÎÔÓ ÁÎÁÌÙÓÉÓ ÁÎÄ 5ÓÅ ÃÁÓÅ ÒÅÆÉÎÅÍÅÎÔȱ 

¢ŀǎƪ мΦн ƛǎ ǇŀǊǘ ƻŦ ²tм άSotA analysisΣ ¦ǎŜ /ŀǎŜ 5ŜŦƛƴƛǘƛƻƴ ŀƴŘ {ƻƭǳǘƛƻƴ 5ŜǎƛƎƴέ ŀƴŘ ƛƴŎƭǳŘŜǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 
objectives: 

¶ Description of the requirements analysis and Use Case refinement based on the SotA and logistics study 
from T1.1; 

¶ Functional requirements definition; 

¶ Requirements mapped to the UC scenarios and translated into technical requirements; 

¶ Selection of the most appropriate technologies; 

¶ Achieving a more efficient and effective multimodal freight transport to increase flexibility, service 
visibility and reduce logistics costs. 

Through information taken from previous tasks and studies regarding the SotA and logistics, the outputs of this 
task include an improvement on the specific goals and KPIs for the different use cases and a refinement of the 
UC scenarios and requirements. 

Having identified the included scenarios, this task maps the current process flow and compares it with the 
scenario expected from the FOR-FREIGHT implementation thus identifying the requirements for the different 
UCs.  

Additionally, once the requirements were identified, the technologies to be integrated and allow the required 
functionalities are also identified. 

The work throughout this task has led to the identification of the requirements along the different UCs, as well 
as which technologies are required to fulfil the requirements that were identified. 

With the identification of the requirements for the different UCs, this task is able to identify relevant information, 
be it common to all of the UCs or specific to one.  

One common key finding was that there is a set of general technical requirements that need to be solved prior 
to any UC implementation: data format unification and accessibility management. Current scenarios comprise 
several disconnected systems operating independently and managing information in a varied range of formats. 
Existing information silos, lack of standardisation and interoperability, low digitalisation and automation will only 
be solved if these requirements are met. 
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Regarding the different UCs, there were also a few findings: 

¶ The Spanish UC will integrate all the currently disconnected information from the different stakeholders 
(Valencia Port and Madrid warehouse and last mile distribution) and use a Decision Support System  
(DSS) to optimise the entire set operations; 

¶ In the Greek UC, FOR-FREIGHT will allow the Port and Airport segments to work in a much more unified 
and standardised way, sharing data for improved resource planning; 

¶ The Romanian UC will integrate historical data, real-time tracking data, and legacy systems into the FOR-
FREIGHT solution, allowing interoperability of rail and port processes. 
 

3.2 )ÎÐÕÔ ÆÒÏÍ 4ΣȢΥ Ȱ4ÅÓÔÉÎÇ Ǫ 6ÁÌÉÄÁÔÉÏÎ -ÅÔÈÏÄÏÌÏÇÙȱ 

¢ŀǎƪ мΦо ƛǎ ƛƴŎƭǳŘŜŘ ƛƴ ²tм ά{ƻǘ! !ƴŀƭȅǎƛǎΣ ¦ǎŜ /ŀǎŜ 5ŜŦƛƴƛǘƛƻƴ ŀƴŘ {ƻƭǳǘƛƻƴ 5ŜǎƛƎƴέΣ ƛǘ ŜƴǾƛǎƛƻƴǎ ǘƘŀǘ ǘƘŜ ǘŜǎǘƛƴƎ 
and validation methodology to be elaborated within it entails the acceptance test procedures for conducting 
both technological and business validations of the FOR-FREIGHT platform and its solutions. 

¶ Technological Validation: Procedures will be defined for collecting the data feeds from the logistics 
nodes, systems, sensors and other relevant equipment, stating also how these feeds will be used and 
analysed by the FOR-FREIGHT Platform to produce and present the necessary data in a user-friendly 
form. Threshold limits for benchmarking the results will also be defined per target KPI based on the 
requirements stemming from each UC. 

¶ Business Validation: Making use of the lean start-up methodology [1] that centres around the main 
motivations of a business. Apart from the business case itself the inputs will include end-user feedback 
from their direct engagement in the trials of the T&LUCs. The corresponding outputs will be validations 
that will allow the project partners to identify those UCs that have the highest commercialisation 
potential to progress to the next step of creating a service product portfolio. For this purpose, we will 
use a set of questionnaires, surveys and focused group workshops to engage other T&L actors directly. 

Regarding the methodology for validating the technological aspects of the FOR-FREIGHT platform and its 
solutions. The key goals are: 

¶ Ensuring the FOR-FREIGHT solutions meet the technical requirements defined for each UC; 

¶ Evaluating the effectiveness of the platform in achieving the project's expected outcomes. 

The methodology can be split into 4 aspects, namely: 

¶ KPI Baseline Definition; 

¶ Data Collection Baseline Definition; 

¶ KPI and Data Collection Ex-Post Definition; 

¶ Use Case KPI and Data Collection Baseline. 

For each of the UCs a set of KPIs are introduced to measure the validity of their progress. 

The Spanish UC KPIs target improvements in areas like on-time delivery, container dwell time at port, Green 
House Gas (GHG) emissions, operational costs, missed deliveries, and transport times. 

The Greek UC Aims to optimise E2E logistics combining seaport, airport, and road transport. Targets reduction 
in container idle time at port/airport, customs clearance processing time, and truck waiting times. There is also 
a focus on increased efficiency in storage space utilisation, error reduction, and improved E2E visibility. 

As to what concerns the Romanian UC, it concentrates on optimising inland shipping, port operations, and rail 
transport using a unique container Identifier (ID) and real-time tracking. This UC aims to increase E2E capacity 
utilisation, reduce loading/unloading times, minimise routing errors, and decrease accidents. 

This methodology provides a structured approach to evaluating the technological success of the FOR-FREIGHT 
project by measuring the impact of the developed solutions on key logistics performance indicators. 
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Regarding the business validation of the FOR-FREIGHT solutions, the key points are the following: 

First off, the methodology: 

¶ Leverages the Lean Startup methodology for iterative development and validation; 

¶ Focuses on building Minimum Viable Products (MVPs) and testing them with stakeholders; 

¶ Gathers both quantitative (data) and qualitative (feedback) insights; 

¶ Iteratively refines the solutions based on learnings from each cycle. 

The methodology process defined in this task can be summed up in four steps, which correspond to other tasks 
in earlier or later stages: 

¶ Ideas & Design: 
o Analyse existing logistics standards and state-of-the-art technologies; 
o Define user requirements and refine UCs based on business needs; 
o Identify problems to be solved and corresponding solution functionalities. 

¶ Building the Solutions: 
o Design the central FOR-FREIGHT platform architecture; 
o Develop MVPs of the platform and individual UC solutions; 
o Ensure compatibility and interoperability between all components. 

¶ Measurement & Data Collection: 
o Design and implement a trial methodology for data collection; 
o Conduct field trials in each UC environment; 
o Gather data and KPIs to measure performance against objectives. 

¶ Evaluation & Learning: 
o Analyse quantitative data and qualitative feedback from trials; 
o Conduct focused group workshops with stakeholders and partners; 
o Evaluate the MVPs' effectiveness in addressing user needs; 
o Identify areas for improvement and iterate on the solutions. 

The application of this methodology will result in validated solutions that address real-world T&L related 
challenges, provide insights for market readiness and commercialisation potential and provide a business model 
based on user feedback that can be continuously refined accordingly. 

Following the outputs of T1.3, the project partners will ensure the development of solutions that are not only 
technologically but also commercially sound. 

 

3.3 )ÎÐÕÔ ÆÒÏÍ 4ΣȢΦ Ȱ&/2-&2%)'(4 ÓÏÌÕÔÉÏÎ ÁÒÃÈÉÔÅÃÔÕÒÅ Ǫ ÄÅÓÉÇÎȱ 

With the main goal of designing the FOR-FREIGHT E2E system architecture based on the requirements and 
specifications analysed and established on previous tasks as well as the integration approach of the various 
logistics systems and components, this task has the following focal points: 

¶ From the architectural perspective, focus on defining the functional components of the platform, the 
data type that will be exchanged, and the high-level interfaces that will enable the interaction/exchange 
between components; 

¶ Provide a risk analysis of the developments and their evaluation, together with the mitigation strategies 
in order to feed the project solutions development and assessment. 

The system architecture defined throughout this task is a layered system with different functionalities included 
in each of them. These layers include: 
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¶ Service Layer: Defines logistics services using graph representations and allows creating scenarios with 
different goals. The services in this layer allow for the creation of scenarios that correspond to different 
E2E goals, such as optimising the transport routes regarding time, resource usage or emissions; 

¶ Requirement Translator Layer: Converts service needs into technical requirements and suggests modules 
to fulfil them; 

¶ Modular Layer: Repository of various solvers (functions) to address logistics challenges. These solvers 
can be: 

o Legacy systems: Existing tools used by partners; 
o FOR-FREIGHT solvers: Custom-developed functions to address specific use cases; 
o Third-party applications: External tools that complement functionalities; 

¶ Message Translator Layer: Handles data exchange between different systems by ensuring compatibility 
(e.g.: anonymisation, format conversion); 

¶ Central Data Platform: Stores and manages data requested by the other components in the platform. 
This layer may consist of a data hub for pre-processed and standardised data or a data lake for raw data.  

This task also describes the existence of dashboards with various functionalities, such as general administration, 
tracking and monitoring, visualisation and data management. 

The platform envisioned in this task has undergone some changes, and some of its components have been either 
moved or erased from the architecture in later tasks. However, the information provided through the analysis 
process, which led to the initial architecture, has identified the requirements for the platform, which were useful 
ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǾŀǊƛƻǳǎ ǳǇŘŀǘŜǎ ǘƘŀǘ ƘŀǾŜ ƻŎŎǳǊǊŜŘ ƛƴ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ ŀǊŎƘƛǘŜŎǘǳǊŜΣ ŀǎ ǇƻǊǘǊŀȅŜŘ ōȅ ǘƘŜ ŀǎǇŜŎǘǎ 
that were kept from the originally planned architecture. 

 

3.4 Input from $ΤȢΣ Ȱ&/2-FREIGHT multimodal transport solutions ɀ Early (testing) 
ÄÒÏÐȱ 

This deliverable covers the first drop of solutions, focusing not only on the development progress across the 
ŘƛŦŦŜǊŜƴǘ ǘǊƛŀƭ ǎƛǘŜǎ ōǳǘ ŀƭǎƻ ǘƘŜ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ ŎƻƻǊŘƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ 
processes, including the setup of common implementation cycles to make sure no trial site deviates from the 
stipulated plan. Through this plan, the knowledge exchange between trial sites is to be facilitated and the 
interactions between different WPs are to be ensured to match the suitability of the developed solutions with 
the envisioned use cases. 

The setup commonalities influence various points throughout the development, namely: 

¶ Documentation: Apart from internal documents for either technical specifications or design documents, 
Application Programming Interface (API) documentation is to be provided whenever possible. The API 
documentation is either in the shape of OpenAPI [2] specification or Swagger documentation; 

¶ Version Control and Collaboration Tools: Regarding version control Git is to be used either through 
GitLab or GitHub (preferably GitLab). However, some partners may use closed development with internal 
knowledge bases when necessary; 

¶ Knowledge Transfer Sessions: Online workshops are to be arranged. These are focused on specific 
technologies, design issues or troubleshooting techniques; 

¶ Internal Wikis/Knowledge Bases: For tutorials and how-to guides, either wikis or knowledge bases, are 
envisioned. Readme files can also be used for this purpose; 

¶ Regular Meetings: To discuss ǘƘŜ ǇǊƻƧŜŎǘΩǎ progress, challenges and plan accordingly, meetings are setup 
on a regular (weekly or bi-weekly) basis. 

The tools discussed to tackle knowledge-sharing issues are the following: 

¶ GitLab for version control; 
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¶ Slack or Teams for communication between project partners; 

¶ Trello for project management. 

There are also considerations taken from this deliverable regarding the methodology for monitoring of the 
development process. The main takeaways from this methodology are the following: 

¶ Monitoring Points: Specific stages in the development process are to be monitored including testing and 
key milestones throughout development and implementation; 

¶ Reporting: Regular reports highlighting progress metrics, achieved milestones and encountered 
challenges. 

Communication and Collaboration: Regular meetings and open communication to discuss progress, roadblocks, 
and what adjustments need to occur. 

Early (testing) drop and scope of the ǇƭŀǘŦƻǊƳΩǎ ŦƛǊǎǘ Ŧǳƭƭ ŘǊƻǇ 

The early drop laid the foundational work for the planned and functioning development of the following drops. 
The work done for the early drop included thoroughly analysing each UC to develop a set of requirements, 
methodologies, and a solution architecture that could support the platform with all its intended functionalities. 

D2.2 focuses on the outputs of the first full drop of solutions, which differs from the early drop (detailed in 
deliverable D2.1 submitted on 31.12.2023) on a few key aspects. These aspects are organised as levels and the 
differences between the two drops are summarised below. 

1. Development Level:  

¶ Early Drop: Planning the development stage and providing initial architecture and archetypes to 
ŀǎǎƛǎǘ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ ŘŜǾŜƭƻǇŜǊǎ develop efficient solutions that can perform their functionalities 
and be integrated later; 

¶ First Full Drop: The cŜƴǘǊŀƭ ǇƭŀǘŦƻǊƳΩǎ ŎƻƳǇƻƴŜƴǘǎ ƘŀǾŜ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ŀƴŘ ŀ ōŀǘŎƘ ƻŦ ǎƻƭǾŜǊǎ 
have reached a point in their development where they can be integrated with the remaining 
components so they can be utilised by the platform as intended. 

2. Integration Level: 

¶ Early Drop: Partial integration, mostly focused on foundational components and preliminary 
alignments required for future integration; 

¶ First Full Drop: Integration of the planned components for the central platform and a 
predetermined set of solvers that can showcase the functionalities offered by the platform. 

3.  Scope Level: 

¶ Early Drop: Narrow scope, focusing on planning and initial testing and development; 

¶ First Full Drop: Broader scope, including detailed information on the ǇƭŀǘŦƻǊƳΩǎ various 
components, their development, deployment and integration. 

Apart from the differences it is also noteworthy that the information regarding the risks and potential 
improvements that were identified in the early drop was addressed throughout the work depicted in this 
document. 
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4 Development, Implementation, and Integration Coordination 

This chapter provides a comprehensive overview of the processes and methodologies employed in the 
development, implementation, and integration of the FOR-FREIGHT platform. It highlights the coordinated 
efforts among the partners and stakeholders to ensure seamless integration and functionality of the platform's 
components. 

One of the most important aspects when assuring the correct functioning of a platform that considers as many 
functionalities as FOR-FREIGHT is to figure the standards, not only for the development of solutions to facilitate 
integration but also regarding data, so every component understands what data is expected as to their input and 
output. 

The project will make use of the Terminal Industry Committee (TIC4.0) common language to represent and 
translate the messages of the platform in the cases where the solver structure and legacy system platform allows 
it. The TIC4.0 data model is a set using common semantics to represent processes, events and other features of 
the port terminal ecosystem, which can also be adapted to other needs and locations (e.g. hinterland processes, 
warehouses, etc.) as needed.  

The remaining details regarding the coordination aspects throughout the various stages behind the First full drop 
are summarised below: 

1. Development Coordination 
¶ All technical partners were to follow the architecture and archetypes that were decided in 

previous stages of the project for the development of the ǇǊƻƧŜŎǘΩǎ solutions; 
¶ To keep track of the development and provide additional required information, a weekly 

meeting was held, and additional meetings were arranged whenever required; 
¶ To facilitate communication between the partners, collaboration tools such as Microsoft Teams 

and GitLab were used by all partners participating in the development of the solutions. 
2. Implementation Coordination 

¶ To facilitate the later stages, namely deployment and integration, all components were 
implemented considering a modular approach, so they could be developed and tested 
independently before integration; 

¶ Early pilot testing helped validate the desired functionalities and possible refinements, identify 
potential issues and their resolutions, and assuring the proper functioning of the platform; 

¶ One of the concerns regarding implementation coordination was data standardisation, for which 
TIC4.0 has been selected as a common language and used whenever possible. 

3. Integration Coordination 
¶ Since ǎƻƳŜ ƻŦ ǘƘŜ ŎŜƴǘǊŀƭ ǇƭŀǘŦƻǊƳΩǎ ŎƻƳǇƻƴŜƴǘǎ ǿŜǊŜ ǇǊŜǊŜǉǳƛǎƛǘŜǎ ŦƻǊ ǘƘŜ harmonious 

functioning of the remainder of the components offered by the FOR-FREIGHT platform, namely 
the gateway and the asynchronous broker, these components had to be the first to be integrated 
within the platform as they would be used as middleware; 

¶ Every component was deployed using the predefined deployment strategy whenever possible, 
which will be explained further in the following chapters, this was possible due to the predefined 
archetypes that were used as a basis for some of the componentΩǎ ŘŜǾŜƭƻǇƳŜƴǘ; 

¶ Once the various solvers were deployed, integration with the workflow engine allowed for E2E 
testing of the solutions, thus validating the workflow of the platform; 

¶ Continuous monitoring tools were setup to ensure the system was running as expected and 
identify potential issues with the deployment or integration of the various components. 

By following the steps outlined in this chapter, the development, implementation, deployment, and integration 
stages were enhanced and a positive outcome was achieved from the development to the demonstration of the 
E2E solutions that the platform aims to offer. 
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5 Spanish Use Case 
5.1 Scope and Objectives 
At the root cause layer, the Spanish Use Case identifies several issues throughout the whole process, from port 
to last-mile delivery. These include fragmented logistics networks with low (and different) levels of digitalisation, 
lack of standardised communication protocols, inefficient resource allocation and transport planning or limited 
visibility across the supply chain. Difficult interoperability between different stakeholders due to the use of 
proprietary legacy systems illustrates these communication problems in the supply chain. These factors 
contribute to bottlenecks, delays and increased operational costs affecting all the stakeholders of the Spanish 
UC, from Cosco Shipping Line Spain (CSLS) to Metro de Madrid SA (MDM). 

 

Figure 5-1: Association of root cause layers, real-world problems, and proposed solver clusters of Spanish UC 

To address these challenges, Spanish UC proposes a cluster of solutions aimed at enhancing the efficiency, 
transparency and reliability of scenarios 1 and 2 (Port of Valencia and Madrid, respectively). Figure 5-2 shows 
how the different solution clusters respond to the problems and needs identified by the logistical stakeholders. 

 

Figure 5-2: Linkage of solvers' category and real-world problems 
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5.1.1 Key Performance Indicators (KPIs) 

This chapter seeks to represent the relationship between the different solutions of the Spanish UC with the KPIs 
of the project, offering an overview of how the project needs are to be covered and validated through the 
different solvers that are being developed in this UC. Table 5-1 shows the relationship between the KPIs and the 
different solvers. 

Table 5-1: ES UC KPIs and related solvers 

KPI Related Solvers 

Improve forecast planning by >15% ES_01, ES_02, ES_06, ES_07, ES_12, ES_13, ES_14, ES_17 

Reduce container staying at the port by >15% ES_01, ES_02, ES_03, ES_06, ES_07 

Reduce GHG emissions by >15% ES_01, ES_02, ES_05, ES_12, ES_13 

Increase transport orders digitalisation by >20% ES_14, ES_16, ES_17 

Reduction of operation costs >12% ES_04, ES_08, ES_09, ES_12, ES_13, ES_15, ES_17 

Reduction of external costs by >80% ES_05, ES_12, ES_13 

Reduction of transport times from warehouse to 
final destination by >10% 

ES_08, ES_12, ES_13 

 

5.2 Partner Roles 

For the successful execution of the Spanish UC, a collaborative effort involving multiple stakeholders is crucial. 
Spanish UC stakeholders consist of members of the logistics chain and the technical teams in charge of 
developing the different solutions. The roles of the different members of the UC, as well as their roles in the 
development of the solutions, are listed below: 

¶ CǳƴŘŀŎƛƽƴ ±ŀƭŜƴŎƛŀǇƻǊǘ (FV) has the role of maritime-port logistics experts. FV will oversee leading 
Spanish UC, addressing the barriers and opportunities to enable interoperability among port 
management and last-mile distribution systems, thus facilitating the seamless information exchange 
associated with cargo flows. FV will also take on the role of developer for some of the multi-modal 
logistics solutions of the Spanish UC. 

¶ Cosco Shipping Lines Spain (CSLS) role in the project is to co-develop the Valencia scenario considering 
their expertise in container transport, and to act as an end user (providing requirements and assisting in 
the validation of the solutions). CSLS will be one of the main actors of the Port of Valencia scenario, 
providing information from their legacy systems such as IRIS4 or SGI, supporting the transport of freight 
by truck or the combination of train and truck to the DHL warehouse. 

¶ DHL will provide all the logistics expertise to the project to maximise the supply chain overall 
performance, its resilience and to boost multimodal logistics operations. DHL will participate as industrial 
partner in the Spanish UC for the activities carried out from DHL warehouse to final customer using the 
metro network as an innovative transport solution for the execution of the last mile deliveries. DHL will 
define the new processes and operations that would be carried out on the MDM facilities. As company 
leader in the logistics sector, DHL will spread the results through the T&L network and try to consolidate 
this new business model to other cities/countries to offer this new mode of transport to DHL customers. 
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DHL has also been responsible for the preparation of the simulated Madrid scenario data in conjunction 
with MDM. 

¶ Metro de Madrid (MDM) is the operator of the Madrid subway/metro network. In FOR-FREIGHT, MDM 
will act as an end-user facilitating the last-mile operations of the Spanish UC. MDM will be involved in 
the requirements analysis, UC definition, results evaluation, validation of the Spanish UC and will 
facilitate the execution of trials through their network. MDM will also actively disseminate the key 
project outcomes to their ecosystem. 

¶ IMEC will be responsible for two main activities: (1) the Artificial Intelligence (AI)/Machine Learning (ML) 
modelling & predictions for the Seaport ς last-mile use case in Spain. IMEC will contribute to the 
simulation tools and AI-driven prediction and optimisation models for E2E optimisation of multi-modal 
transport to reduce inefficiencies, time waste, and GHG emissions; (2) the design of the central FOR-
FREIGHT platform acting as control and integration framework of all system components which will 
enable the functionality required by the different use cases. 

¶ Allbesmart (ABS) will lead the development, integration and validation of the FOR-FREIGHT central 
platform and will be responsible for the data platform of the seaport last mile trial in Valencia port. 

¶ Centre for Research and Technology Hellas (CERTH) will develop the Digital Twins for both use case 
scenarios and provide the Internet of Things (IoT) devices for the real-time tracking of the logistic 
process. CERTH will also lead the development of some of the solutions for the Spanish UC, related to 
the prediction of the capacity of train wagons and trucks (ES_06 and ES_07) and the real-time tracking 
of the containers and the roller-cages (ES_14 and ES_15). 

This collaborative framework ensures that the Spanish trial site reflects how the T&L supply chain functions 
properly thanks to the stakeholders, who bring their know-how and expertise into the deployment and 
development of the whole trial site, from the port of Valencia, through the DHL warehouse, and on to the last-
mile distribution via the Metro de Madrid subway system. 

 

5.3 Implementation Activities 

This section presents the detailed implementation activities that were undertaken to achieve the current version 
of the solutions for the Spanish UC. These activities encompass a range of collaborative efforts, workshops to 
ǾŀƭƛŘŀǘŜ ǎƻƭǳǘƛƻƴǎΩ ǊŜǎǳƭǘǎΣ ƘŀǊŘǿŀǊŜ ŘŜǇƭƻȅƳŜƴǘǎ ŀƴŘ software development of the different solvers and 
integration with the platform of the developed components of the solutions. 

 

5.3.1 Spanish Internal Use Case Workshop 

The Spanish Internal UC Workshop has been a crucial tool in validating the current implementation and results 
with the end users of the Spanish UC (CSLS, DHL and MDM), serving as a validation step to gather feedback and 
insights directly from stakeholders. This workshop aligns with the Lean Start-up methodology of the project, 
which emphasises the importance of continuous iteration and adaptation based on user feedback, helping 
technical partners to improve their solutions after each iteration, following the suggestions of the end-users. 

This end-user engagement in the validation process is essential for ensuring that FOR-FREIGHT solutions truly 
answer their needs and give answers to their problems. With this involvement, the Spanish UC was able to 
validate the relevance and effectiveness of the solutions, identifying potential areas for improvement and being 
able to update and enhance the solvers for the following iterations. 

On 26 February 2024, FV conducted this workshop with end-users and technical partners, focusing on the solvers 
ES_05 (CO2 prediction of a trip A-B) and ES_08 (Demand prediction on MDM) developed in the first drop of 
solutions. The primary goal of this workshop was to get stakeholdersΩ opinions and feedback regarding the 
functionality, usability, and effectiveness of the solvers. The workshop agenda included demonstrations of how 
the two solvers worked, quantitative evaluations based on KPIs associated with the solvers, interactive 
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discussions, and exercises/questionnaires to facilitate active participation and engagement from participants in 
the evaluating and validating the solvers. 

During the workshop and as a first step in the qualitative analysis of solvers ES_05 and ES_08, participants (CSLS, 
DHL and MDM) were asked a set of questions to collect specific feedback on various aspects of both solvers. The 
list of questions posed to end-users (CSLS, DHL and MDM) can be found below: 

¶ How to proceed with the KPI calculations of solver ES_05?  

¶ Does the current state of solvers ES_05 and ES_08 meet your initial expectations? (1-5) 

¶ Does solver ES_05 provide you with the expected CO2 emissions information for the route A to B? 
(Yes/No) 

¶ Does solver ES_08 provide you with the expected CO2 emissions information about locker demand at 
MdM? (Yes/No) 

¶ What is the value solvers ES_05 and ES_08 bring to you? (1-5) 

¶ What would you like to see as the output of the solvers, apart from the information shown today? (open 
question) 

¶ What repercussions would it have on their way of conducting operations/tasks/activities? (open 
question) 

¶ What would you like to see on the user interface of the solvers?  (Introduce points A and B, transport 
ƳƻŘŜΣ ŎŀǊƎƻ ǿŜƛƎƘǘΣ ŜƳƛǎǎƛƻƴ ŦŀŎǘƻǊΧύ (open question) 

¶ Which areas could be improved for the following refinement of the solvers? (open question) 
 

 

Figure 5-3: Spanish UC Workshop Question Example: Solver ES_05 

 

5.3.2 Spanish Internal Use Case Surveys 

After the workshop, end-users (CSLS, DHL and MDM) were provided with questionnaires designed by FV and 
IMEC. These questionnaires, together with the discussions at the Spanish UC Workshop, were used to gather 
end-users feedback and valuable information to help technical partners to better meet the users' needs and 
adjust the solvers ES_05 and ES_08, thereby completing the qualitative analysis of both solvers initiated in the 
workshop. 

The questionnaire of solver ES_05 included 26 questions divided into 5 different sections: (1) User role and 
Integration; (2) Business Section ς Value and Impact; (3) Technological Section; (4) Commercialisation / Future 
Usage Section; (5) Additional Comments. As a result, the questions collected the end-user's point of view 
regarding usability, functionality and impact assessment in order to be able to make adjustments and check the 
solverΩǎ relevance. Figure 5-4 shows one of the questions in the Survey on solver ES_05. 
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Figure 5-4: Spanish UC Survey Question Example: Solver ES_05 

The next steps after the workshop and the surveys will be to fine-tune the solvers and then to present the results 
of the subsequent solution drops to the end-users following the Lean Start-up methodology cycles. Further 
validation workshops and surveys are planned after each drop of solutions. 

 

5.3.3 Hardware Deployment and Software Development 

In this section, the hardware deployment activities undertaken as part of the Spanish UC is outlined, focusing on 
the installation and testing of IoT devices to gather data for various solutions.  

In Scenario 1, the focus has shifted to deploying Global Positioning System (GPS) tracking devices specifically 
configured for monitoring logistics operations. For this scenario, two Teltonika FMP100 GPS devices were 
selected for their reliability and comprehensive feature set, which includes advanced vehicle monitoring 
capabilities. These devices were securely installed in trucks belonging to a cooperative trucking company 
collaborating with CSLS to ensure optimal positioning and uninterrupted data capture throughout their routes. 
In order to ensure a proper data collection, the deployment process involved the following steps: 

¶ Installation: The Teltonika FMP100 devices were meticulously mounted within the vehicles, positioned 
to maximise GPS signal reception and ensure accurate location data capture. The installation was 
strategised to cover critical points along the trucking routes where data accuracy is paramount. 

¶ Configuration: Each device was configured with a specific setup tailored to the project's needs, ensuring 
detailed data collection. The configuration details, as outlined in the dedicated 'imet_config.cfg' file 
imported to each device, include parameters set for data transmission intervals, event triggers, and data 
logging preferences, which are critical for precise monitoring and analysis. 

¶ Testing: After installation, rigorous testing procedures were undertaken to validate the functionality and 
reliability of the GPS devices under various operational conditions. These tests simulated different 
driving environments and scenarios to robustly evaluate the performance and durability of the Teltonika 
FMP100 units in real-world logistics applications. 

¶ Data Transmission and Analysis: The Teltonika FMP100 devices, equipped with prepaid Subscriber 
Identity Module (SIM) cards each with a 500 Megabyte (MB) data limit requiring regular top-ups based 
on usage, began transmitting a wealth of data to the CERTH/Hellenic Institute of Transport (HIT). The 
data management and analysis are facilitated through the Traccar platform, an open-source GPS tracking 
system ƛƴǎǘŀƭƭŜŘ ƻƴ ǘƘŜ IL¢Ωǎ ƭƻŎŀƭ ǎŜǊǾŜǊ ǿƛǘƘ ƎǊŀŘŜŘ ŀŎŎŜǎǎΦ ¢Ƙƛǎ ǎŜǘǳǇ ŀƭƭƻǿǎ ƴƻǘ ƻƴƭȅ ŦƻǊ ǘƘŜ ǊŜŀƭ-time 
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monitoring of vehicle locations and movements, but also the collection of additional data points such as 
speed, engine status, and route deviations. Over a defined period of approximately one month, this data 
will be systematically analysed to assess the efficiency and reliability of trucking routes. The insights 
gained from this analysis will be instrumental in informing the development of innovative solutions, 
including Digital Twins. These solutions are expected to enhance predictive maintenance models and 
optimised route planning, leveraging the detailed operational data to significantly improve decision-
making and strategic planning in logistics. 

Given the necessities of Scenario 2, a different approach was taken to gather data for testing validation purposes 
and to cover the scanning of package data through labels/Quick Response (QR) codes. As operations are mostly 
carried out on the underground metro network, with coverage difficulties at certain points, phones were used 
instead of sensors, as the latter would present more connectivity problems. Two mobile phones equipped with 
Galileo and 5th Generation mobile network technology (5G) capabilities were provided to DHL for use in 
conducting tests and QR code lectures. 

Software development activities of the Spanish UC were aligned with the technologies behind the solutions, 
focusing on the development of Digital Twins and the communication platform with blockchain-enabled 
technology. Precise information on the software development of each solution will be provided in more detail in 
the following sections. 

The development of Digital Twins involved defining the scenarios and data requirements for both Scenario 1 and 
Scenario 2, as well as set the simulated data of Scenario 2 to reflect all its conditions and determinants. While 
the data necessities have been identified, the development process is still ongoing. 

Additionally, the development of the communication platform is ongoing, and will allow blockchain-enabled 
technology to secure and transparent communication between DHL and MDM and ensuring the digital proof of 
delivery to CSLS. 

 

5.3.4 Integration with the Platform  

Through the continuous discussion among the technical partners, the solvers resulting from the Spanish UC 
follow what was agreed to be the solver archetype, thus facilitating the deployment of the services and the 
ƛƴǘŜƎǊŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ǊŜƳŀƛƴŘŜǊ ƻŦ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ ŎƻƳǇƻƴŜƴǘǎΦ The solvers that have been deployed include an 
API to facilitate the interaction with the solvers. As such, the Helm chart that had been previously defined for 
the overall solver architecture was modified to contain only the required parameters (mostly related to API 
configurations). This deployment includes ŀ ŎƻƴǘŀƛƴŜǊ ǊǳƴƴƛƴƎ ǘƘŜ ǎƻƭǾŜǊΩǎ ŎƻŘŜ όƻǊ ƳƻŘŜƭ ƛƴ the case of ML 
related solvers), a service which can be accessed for requests and an ingress that routes the requests made to a 
specific path to the specific solver after going through authentication.  

Once deployed, the solvers can be accessed directly by any other component that requires it. Furthermore, the 
workflow engine can now be used in conjunction with the solvers to create E2E solving processes which intend 
to aid the user in a specific multimodal scenario, for various applications. 

 

5.4 Solutions Development Status 

This section examines the link between the functional requirements and the solvers output of the Spanish UC. It 
also provides a report on each of the solvers under development, showing their current level of development 
based on the time plan, identifying milestones and deviations for each solver, and proving the level of readiness 
through demonstrations and tests showing their current status. The progress of the development of the solutions 
has been adjusted with the different speeds of progress and the need for development to ensure coherence with 
further developments. Thus, solvers like ES_01 have been developed prior their initial timelines set out in 
previous deliverable D2.1, in the same way that solutions such as ES_14 or ES_15 have been extended to the 
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following drop given that their development required a greater allocation of resources than initially established, 
and they do not represent a bottleneck in the development of previous solvers. 

 

Solver ES_01 ɀ ETA Berth 

This solver is designed to predict the Estimated Time of Arrival (ETA) of vessels at the port of Valencia, predicting 
the day and time the vessel will dock at the berth. 

This solver plays a crucial role in optimising port operations, enabling stakeholders to plan and allocate resources 
more efficiently based on predicted arrival times. It belongs to the category of ETA predictor solvers, and another 
solver might be using this solver to get this time-related information. 

At its current stage of development, the solver operates by taking input from the user in the form of the port call 
identifier number, with the vessel International Maritime Organization (IMO) identifier. Leveraging an internally 
deployed model hosted on CǳƴŘŀŎƛƽƴ ±ŀƭŜƴŎƛŀǇƻǊǘ όFV) servers, the solver will recall a predictive model trained 
with various data sources to generate an ETA prediction for the given vessel, offering the estimated time of 
arrival at the port of Valencia and providing the fields identifying the vessel to which it refers. This functionality 
will be accessible via an API gateway, allowing seamless integration with existing systems and workflows on the 
FOR-FREIGHT platform. 

The ETA berth solver consumes raw data from three primary legacy systems to build the input arrays for the 
predictive models that compute the ETA forecast for a given vessel. These three main external legacy systems 
are: 

¶ Valenciaport Port Community System (PCS): Provides, through an API, past and future port call 
scheduling plans for vessels calling at the port of Valencia; 

¶ Port Collaborative Decision-Making (PortCDM) System: This system, named PAULA, collects and 
aggregates all port call-related events (e.g., mooring start/end, pilotage start/end) to enhance the 
situational understanding of port operations related to port call management; 

¶ Meteorological Prediction Service: Provides, through an API, the forecast of wind speed, wind direction, 
and precipitation parameters; 

¶ Automatic Identification System (AIS): provides ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǾŜǎǎŜƭǎΩ ǇƻǎƛǘƛƻƴΣ heading and speed 
for the vessels approaching the port of Valencia from at least 8 miles away. 

It is important to highlight that predicting ETA berth alongside container dwelling time addresses the objectives 
of solvers ES_10 and ES_11. However, optimising machinery usage in terminal operations is highly intricate. 
Algorithms often fail to grasp the complete situational context, with critical real-time information such as 
maintenance operations and internal policies being challenging to gather. To enhance this, ES_01 and ES_03 are 
proposed as vital information providers to offer a more comprehensive situational understanding in the near 
future. Currently, the ETA berth provided by captains lacks accuracy due to the oversight of crucial variables like 
the number of vessels berthed, those in the anchorage area, marine service availability, and local meteorological 
forecasts. Consequently, planning human resources and machinery hinges heavily on ship arrivals. Improving 
ETA berth accuracy will provide terminal planners with a clearer understanding of the terminal's status upon 
vessel arrival. This enhancement will empower decision-makers to make more informed choices, leading to a 
more optimised resource management strategy. 

 

Development Time-plan and Deviations 

Table 5-2 outlines the development timeline for the development of the ETA berth prediction solver. It details 
the key stages involved and the estimated duration for each phase. 
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Table 5-2: Time-plan for solver ES_01 

Development Stage Status Date 

Data acquisition, cleaning and dataset 
preparation 

Almost finished. Main data sources identified 
and working with them 

Mar 24 

Model selection Finished. Initial model architecture chosen. Mar 24 

Model development Finished Early May 24 

Model tuning In progress May 24 

Model validation In progress May 24 

Demo preparation In progress May 24 

API gateway deployment In progress. Established deployment logic May 24 - Jun 24 

The main deviations that have appeared during the development process of this solver are: 

¶ Complex adaptation: The development of ETA Berth has encountered complexities due to the numerous 
parameters involved in accurately predicting vessel arrival times. Moreover, it is necessary to know how 
the port in which you are operating (Port of Valencia in this case) works in order to develop the ETA with 
more precision. Adapting the solver to accommodate these parameters has required additional time and 
resources. 

¶ Data availability and quality: The accuracy of this ETA prediction solver relies heavily on the quality and 
comprehensiveness of the data it considers, and which will be used to train the model. It has been 
necessary to use a cautious amount of time to ensure the completeness and quality of the data collected 
for the training. 

¶ Potential commercialisation: Consideration is being given to the potential commercialisation of ETA 
Berth. This has introduced additional considerations and requirements for the development process, 
potentially impacting the timeline and approach.  

 

Solver Demonstration 

The architecture of the solver with respect to the external systems that provide the raw data to compute the 
ETA Berth predictions is shown in the following figure. 
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Figure 5-5: High-level description of the ETA Berth solver architecture 

As visually depicted in the figure above, the process begins with the prediction of the Deadweight Tonnage 
(DWT), a key parameter required as input to the ETA Berth model. This parameter is missing for nearly half of 
the training dataset, necessitating its estimation. DWT is a physical parameter that significantly influences port 
call scheduling at terminals and for the maritime services of the port (e.g., towing and mooring services). An 
XGBoost model is employed to estimate the missing DWT values, using the future port calls expected to arrive 
ŀǘ ǘƘŜ ǇƻǊǘ ŦǊƻƳ ǘƘŜ tƻǊǘ /ƻƳƳǳƴƛǘȅ {ȅǎǘŜƳ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ ǾŜǎǎŜƭǎΩ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ όŜΦƎΦΣ ǾŜǎǎŜƭ ƭŜƴƎǘƘΣ ŘǊŀǳƎƘǘΣ 
etc.). 

As explained in the introductory section of this solver, the ETA berth prediction, implemented with a Temporal 
Cǳǎƛƻƴ ¢ǊŀƴǎŦƻǊƳŜǊ ƳƻŘŜƭ όƛΦŜΦΣ 5ŜŜǇ [ŜŀǊƴƛƴƎύΣ ǇǊƻǾƛŘŜǎ ǘƘŜ ƻǳǘǇǳǘ ǳǎƛƴƎ ǘƘŜ ǇƻǊǘΩǎ ŎǳǊǊŜƴǘ ǎǘŀǘǳǎ ƛƴŦƻǊƳŀǘƛƻƴ 
from PAULA, meteorological forecast data, and optionally, data from the port's AIS system. Figure 5-6 shows a 
mock-up of the ETA Berth output. As illustrated, the output acts as a correction to the initially provided ETA by 
the Port Community System. 

 

Figure 5-6: Mock-up of the ETA Berth solver 

 

Solver ES_02 ɀ ETA Truck 

The primary objective is to predict the arrival time of a truck travelling between these two points. Accurate 
predictions are crucial for optimising logistics, reducing waiting times, and improving overall supply chain 
efficiency. The solver will be trained by gathering historical data on truck journeys from the Port of Valencia to 
the MDM Depot, including departure times, arrival times, routes taken, and delays. Real-time data such as 
current traffic conditions, weather updates, and road incidents are also essential and will be considered as 
features. Additionally, truck characteristics such as type, load weight, and driver behaviour, along with external 
factors like port congestion, customs delays, and scheduled maintenance, need to be collected. 

Time-based features such as the day of the week, time of day, and holiday periods will be considered, along with 
traffic data. Weather conditions like temperature, precipitation, and visibility are also included. Specific data 
about the truck, such as speed, fuel efficiency, and rest periods, will be considered as features that can improve 
accuracy. Hybrid models that combine predictive techniques with optimisation algorithms, such as 
Reinforcement Learning, can dynamically adjust routes based on real-time data. Once the model is trained, it 
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will be deployed on the FOR-FREIGHT platform. An API will be developed to allow the platform user(s) to access 
live updates. 

This AI/ML-based solver for predicting truck arrival times integrates various data sources and employs advanced 
ML techniques to deliver accurate and real-time predictions. Continuous monitoring and updating ensure the 
model adapts to changing conditions, ultimately enhancing the efficiency and reliability of logistics operations 
from the Port of Valencia to the MDM Depot. 

 

Development Time-plan and Deviations 

With the release of the drop of solutions described in D2.2, the development of solver ES_02 will start with initial 
contributions by IMEC supported by ABS. This will coincide with the release of D1.4, which will contain the 
updated version of the FOR-FREIGHT platform architecture. We do not foresee any deviations from the original 
development time plan, and we will make sure to engage all relevant technical and business-related partners to 
attach the solver to the platform. 

 

Solver Demonstration 

The solver demonstration is not currently available. The development of the solver is scheduled for the next drop 
of solutions. 

 

Solver ES_03 ɀ Predict the total stay duration of the cargo at port 

Solver ES_03 is designed to predict the total duration of cargo stay at the Port of Valencia, encompassing the 
period from vessel arrival to container departure. This includes various components such as dwelling time, 
service time (e.g., tugboat, pilot, unloading, customs clearance), and in-port warehouse storage. By accurately 
forecasting the duration of container stay inside the port, ES_03 facilitates efficient planning and resource 
allocation within the port operations, improving turnaround times and enhancing overall productivity. The needs 
that have led to the development of this solver are based on the improvement of knowing the estimated time 
that the containers will spend in the port, which could help in the decision-making process of the port T&L 
stakeholders as well as external ones such as DHL, since by giving visibility of the actions and times required in 
the port area, these types of actors will be able to adapt their storage space in case of deviations. 

The basis of this solver is based on a solution of {ǇŀƛƴΩǎ ƴŀǘƛƻƴŀƭ project E2RM for the estimation of the time that 
an empty container would spend inside the container yard of the port. Based on this logic, the ES_03 solver 
considers the stay of the total containers in the port. The solver will mainly consume the following information: 
port call scheduling plan, messaging flow with transport orders to retrieve containers, container delivery and 
retrieval confirmation messages, ETA berth forecast and port entrance traffic predictions. On the one hand, it 
needs to store messages related to imminent container retrieval orders and their confirmations to load 
characteristics of arriving containers whose dwell time prediction is sought. This buffering process will utilise a 
MongoDB database alongside an information processing pipeline, extracting pertinent data from incoming 
messages in real-time. On the other hand, it will access online data from the Port Community System to acquire 
future port call details, utilise the ES_01 API for ETA corrections, and integrate an API from the Port of Valencia 
to predict truck traffic in the upcoming hours. The solver will deploy its processing and data preparation pipeline 
to convert raw data into an input array for the trained model. Upon request, it will provide the expected dwell 
time in hours in JavaScript Object Notation (JSON) format, requiring the container's ID as an input parameter. 

Furthermore, as highlighted in solver ES_01, offering predictions for container dwelling time will afford the 
resource planner a clearer understanding of when containers are expected to be retrieved. This insight 
significantly impacts the allocation of human resources and machinery, such as Rubber Tyred Gantry cranes or 
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Reach Stackers, aligning with the objectives outlined in solvers ES_10 and ES_11. When combined with ETA berth 
information, this parameter further enhances decision-making accuracy. 

 

Development Time-plan and Deviations 

The ES_03 development time-plan is displayed below: 

Table 5-3: Time-plan for solver ES_03 

Development Stage Status Date 

Identify relevant data sources, including container 
unloading confirmation messaging, container retrieval 
messaging, and the port call community system  

Finished Apr 24 

Data acquisition and exploratory analysis 
In progress. Correlations of Dwell Time 
and independent variables 

May 24 

Data cleaning and dataset preparation 
In progress. Time alignment and 
dataset merging 

May 24 

Model selection, training and validation Not started Jun 24 

Deploy the model with an API Not started Jul 24 

Align integration in solver ES_03 of solver ES_01 Not started Jul 24 

At this point of the development, no further deviations have appeared, and the established plan is being 
followed. 

 

Solver Demonstration 

At the current point of development, there is currently no functional demo/test that demonstrates how the 
solver is working. 

 

Solver ES_04 ɀ Costs prediction from A to B 

Solver ES_04 is designed to predict the transport cost associated with carrying freight from point A to point B, 
covering the different transportation modes that make up the Spanish UC (i.e., truck, train, body truck, van or 
metro). Its development is motivated by the need of the logistics partners to know the estimated costs of the 
different routes they take, and to be able to count on this information to support their decision making. 

This solver is an integral part of the cluster of solutions aimed at predicting time, cost, and GHG emissions within 
the transportation and logistics domain. ES_04 collaborates with solvers ES_05, ES_12, and ES_13 to form an E2E 
group of solvers for estimating costs, time and emissions. This solver will be integrated into ES_12/ES_13 solvers, 
covering the route cost prediction part. 

The logic behind ES_04 is similar to that of the ES_05 solver (GHG emissions predictor) from the first drop, whose 
functionalities to identify the geotags and the operation of the different A-B legs of the Spanish UC are the same. 
It operates internally using the TIC4.0 data model JSON, which has been adapted to standardise and properly 
manage information, identifying all the relevant fields related to costs. The solver takes inputs such as origin 
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(point A), destination (point B), mode of transport (e.g., truck, train, van, metro, body truck) and distance (if 
known). Using these inputs, the solver proceeds with calculations by determining the geotags of both origin and 
destination points and applying relevant cost functions based on the chosen mode of transport. Finally, after 
calculating the distances, origin and destinations, all data is combined to perform a calculation of the cost. The 
cost is allocated to a pre-defined trip, data is defined by tƘŜ ƭŜƎŀŎȅ ǎȅǎǘŜƳΩǎ 5¦¢ ŦƛƭŜ ŀƴŘ ŎŀƭŎǳƭŀǘŜŘ ōȅ ǘƘŜ Chw-
FREIGHT solver, and later updated on the TIC4.0 data model JSON. It provides a prediction of the cost in euros 
associated with the trip ōȅ ǳǇŘŀǘƛƴƎ ǘƘŜ ŦƛŜƭŘǎ ƻŦ άǘǊƛǇŎƻǎǘέ ǿƛǘƘ ǘƘŜ Ŏƻǎǘ ƛƴ ϵ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŀǘ ǘǊƛǇ in the 
TIC4.0 data model JSON. 

The technologies and architectures involved in the development of this version of the solver are summarised 
below: 

1. Representational State Transfer (REST): 
REST is an architectural style for designing web services. RESTful web services use Hypertext Transfer 
Protocol (HTTP) methods to access and manipulate resources. The most common HTTP methods used in 
RESTful web services are GET, POST, PUT, and DELETE. Time, costs and emissions predictors are being 
built using this architectural style. 

2. Flask: 
Flask is a microframework for Python. It is a lightweight framework that is easy to learn and use. Flask is 
based on the WSGI protocol, which is the standard way to create web applications in Python. WSGI 
allows Flask to be used with a variety of web servers, including Apache, Nginx and Gunicorn. We use it 
to build the API and expose the endpoint for its use. 

3. OSRM: 
OpenStreetMap Routing Machine (OSRM) is a routing engine that uses OpenStreetMap data. OSRM can 
be used to calculate the shortest path between two points, as well as other routing information such as 
turn-by-turn directions. Through this routing server, it has been possible to obtain the distance and the 
estimated duration of segments traversed by road of the total journey, as well as identify the geotags of 
the A-. Ǉƻƛƴǘǎ ƻŦ ǘƘŜ ǘǊƛǇ ŀƴŘ ǊŜƭŜǾŀƴǘ ǘǊŀƴǎǇƻǊǘ ƴƻŘŜǎ ό5I[ ǿŀǊŜƘƻǳǎŜǎΣ a5a ŘŜǇƻǘǎΧύΦ 

4. Docker: 
Docker is a software platform that allows you to package and run applications in isolated containers. 
Containers are lightweight, portable, and self-contained units of software that can run on any 
infrastructure. We use Docker to deploy the solvers. 

The code for ES_04 has been updated and stored in the FOR-FREIGHT GitLab repository. Additionally, its API has 
been deployed and made accessible for usage. 

 

Development Time-plan and Deviations 

Table 5-4 outlines the development timeline for the development of the costs prediction solver. It details the 
key stages involved and the estimated duration for each phase. 

Table 5-4: Time-plan for solver ES_04 

Development Stage Status Date 

Identify relevant data sources, including 
transportation routes, distances, and cost factors for 
different modes of transport  

Almost finished. Need scenario 2 man-hour 
costs 

Feb 24 

Data acquisition, cleaning and dataset preparation Finished. Initial model architecture chosen Feb 24 
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Modify solver ES_05 and add cost functions Finished Mar 24 

Perform tests and validation of cost functions. In progress Apr 24 

Deploy API Finished May 24 

Align integration in solver ES_12 of solvers ES_04 and 
ES_05 

In progress. Time predictions already 
available 

Jun 24 

The main deviations that have appeared during the development process of this solver are: 

¶ Interdependency with solver ES_05: since the underlying logic behind this solver is based on ES_05 
solver, it has been necessary to wait until after the first drop to refine and polish the functionalities of 
the existing code. Thus, there was an initial delay in the development of this solver due to the adaptation 
and improvement period of the ES_05 solver. 

¶ Definition of the scenario 2 cost model: Defining an accurate cost model for Scenario 2 has been one of 
the main constrains. Since it represents a new business model involving DHL and MDM, historical data 
for similar situations is limited. This lack of data makes it difficult to capture the operations and cost 
components specific to this scenario. For this, DHL and MDM developed an initial approach based on 
their expertise to estimate relevant costs factors to the routes from DHL warehouse until the locker. 

¶ Integration complexity into solvers ES_12 & ES_13: Further integration complexities regarding 
incorporating the functionalities from ES_04 and ES_05 into the E2E route prediction solvers ES_12 and 
ES_13. These solvers take a holistic approach, considering time, cost and emissions simultaneously, 
integrating the individual functionalities offered by solvers ES_04 and ES_05. 

 

Solver Demonstration 

Figure 5-7 represents an extract of the TIC4.0 JSON output of ES_04, mapping some of the representative 
identification fields of the route and the calculated cost of an example trip.  

This example trip covers the route originating in the DHL Illescas warehouse until the MDM Canillejas depot via 
van. This van will be following one of the established common routes that DHL vehicles followΣ ƳŀǊƪŜŘ ŀǎ άǊƻǳǘŜ 
1έΣ with a trip cost of тлΣфуϵ calculated through this solver, identified ƛƴ ǘƘŜ ŦƛŜƭŘ άǘǊƛǇŎƻǎǘέ άǾŀƭǳŜέΦ 

 

Figure 5-7: Excerpt of ES_04 TIC4.0 JSON output  
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Solver ES_05 ɀ GHG emissions prediction from A to B 

The solver ES_05 is a Carbon footprint prediction required by end-users (CSLS, DHL and MDM) to be able to make 
informed decisions about the environmental impact of their travel choices, providing them with data on the 
Greenhouse Gas (GHG) emissions generated between two specific journey points (origin-destination) and, 
therefore, valuable information to choose the most suitable transport options. The technologies and 
architectures involved in the development of this version of the solver are the same as solver ES_04. 

ES_05 is flexible and adaptable to different user needs as it operates by taking the following inputs:  

¶ Origin (point A) and destination (point B) of the journey: users will input the starting point (point A) and 
the destination (point B) of the journey. Nevertheless, this input should be provided only if the user does 
not indicate the journey distance. For the specific case of road transport, the route and thus the distance 
(kilometres) currently considered from a starting point (point A) to a destination (point B) is the shortest 
in terms of time, as returned by the service we use to obtain the routes, OSRM; 

¶ Weight of the cargo; 

¶ Journey distance. This input should be provided only in case the user does not specify information about 
point A and point B. 

For the integration of these input and output data, the TIC4.0 JSON data model has been adapted, representing 
and identifying all relevant fields involved in this CO2 prediction. Once the input information is ready on the 
TIC4.0 data model, the solver will proceed with the calculations of CO2 emissions predicted according to the 
details of the given route, it will apply the CO2 emissions predicted into the TIC4.0 data model and update the 
fields ƻŦ άǘǊƛǇŜƳƛǎǎƛƻƴǎέ with the kg of CO2 per kg of cargo associated with that trip. 

In terms of the methodology applied to calculate GHG emissions generated by each transport mode, emission 
factors (EFs) have been used, a coefficient that describes the estimated average emission rate of a given pollutant 
for a given source, relative to units of activity [3]. The formula utilised to estimate the GHG emissions generated 
by transport mode is as follows: 

GHG emissions (Kg CO2e) = EF (kg CO2e/t*km) * Cargo (t) * Distance (km) 

EFs data has been obtained from the UK Government Conversion Factors for greenhouse gases reporting [4] and 
the Catalan Office for Climate Change [5]. For road transport, the EF is specific to the maximum weight the vehicle 
can carry, i.e., to the Gross Vehicle Weight (GVW), and the specific type of vehicle (rigid or articulated heavy 
goods vehicles, light goods vehicles, etc.), whereas for freight train the emission factor only one emission factor 
is provided. All conversion factors are in units of 'kilograms of carbon dioxide equivalent of Y per X' (kg CO2e of Y 
per X), where Y is the gas emitted and X is the unit activity.  CO2e is the universal unit of measurement to indicate 
the global warming potential (GWP) of GHGs, expressed in terms of the GWP of one unit of carbon dioxide. 

This solver is a key component of the cluster of E2E solutions to predict time, cost and emissions. Creating this 
common layer thanks to the use of the TIC4.0 data model standard will allow this group of solvers to 
intercommunicate with each other, using the same common format that will facilitate intercommunication 
between solvers ES_ 04, ES_05, ES_12 and ES_13. 

 

Development Time-plan and Deviations 

Table 5-5 outlines the development timeline for the development of the GHG emissions prediction solver. It 
details the key stages involved and the estimated duration for each phase. 

Table 5-5: Time-plan for solver ES_05 

Development Stage Status Date 
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First version API of the solver deployed and functional for the 
1st drop of solutions 

Finished Jan 24 

Adaptation of functions to be used in the solver ES_05 Finished Feb 24 

Showcase the solver in internal workshop and gather 
suggestion and validation of end-users 

Finished Feb-Mar 24 

Update ŦǳƴŎǘƛƻƴǎ ōŀǎŜŘ ƻƴ ǿƻǊƪǎƘƻǇΩǎ ŦŜŜŘōŀŎƪ Finished Apr 24 

Deploy new API version Finished May 24 

Align integration in solver ES_12 of solvers ES_04 and ES_05 
functions 

In progress. Time predictions 
already available 

Jun 24 

 

Solver Demonstration 

Figure 5-8 represents an extract of the TIC4.0 JSON output of ES_05, mapping representative identification fields 
of the route and the calculated emissions of an example trip. This example covers the route from the DHL Illescas 
warehouse to the MDM Canillejas depot via van, with an estimated GHG emission of 5,2072 kg CO2e calculated 
through this solver. 

 

Figure 5-8: Excerpt of ES_05 TIC4.0 output  

 

Solver ES_06 ɀ Predict the capacity of train wagons 

Development Time-plan and Deviations 

The target of Solver ES_06 regarding the prediction of the train wagonsΩ need for future capacity is to design a 
model that estimates the need for train wagons that will transfer the freight from the Valencia Port to an 
intermediate location where the trucks will perform the last leg. As freight forwarding by train is much more 
economical and ecologically friendly, the ultimate goal of the model is to force as many parcels as possible to 
this channel. Therefore, the challenge is not only to predict the train wagon capacity needed and optimise the 
modal slit on the benefit of this alternative. To do so, the output of the model mostly relates to a decision output 
rather than a prediction output. However, the challenging issue is that the train wagonΩs availability is on an 
unknown parameter. This issue raises as the cargo operator requests a specific train capacity, but the final 
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available units are not fixed. A combinatorial approach will be followed to address this challenging problem. The 
current model should both look all of the predecessor steps in order to estimate the time the container will be 
available for release as well as the data about the lead time to deliver to the DHL warehouse. Moreover, the 
train schedules and available capacity will also be used as an input. Lastly, it is closely related to solver ES_07 
which arranges the number of trucks needed. As these 2 solvers are complementary, if freight cargo does not go 
by train, it should be carried by truck, and the capacity and costs of truck transportation should be taken into 
account.  

The objective of Solver ES_06 in predicting the train wagons needed for future capacity is to develop a model 
that estimates the requirement for train wagons to transport freight from the Port of Valencia to an intermediate 
location, where trucks will complete the final leg of the journey. Given that freight transport by train is more 
economical and environmentally friendly, the ultimate aim is to maximise the volume of parcels transported via 
this mode. 

Therefore, the challenge lies not only in predicting the required train wagon capacity but also in optimising the 
modal split to favouǊ ǘƘƛǎ ŀƭǘŜǊƴŀǘƛǾŜΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ƳƻŘŜƭΩǎ ƻǳǘǇǳǘ ƛǎ ƳƻǊŜ ƻŦ ŀ ŘŜŎƛǎƛƻƴ-making tool rather 
than a mere prediction output. A significant challenge is the uncertainty in train wagon availability. This issue 
arises because cargo operators request specific train capacities, but the final number of available units is not 
fixed. 

To address this complex problem, a combinatorial approach will be utilised. The model should consider all 
preceding steps to estimate the time when the container will be ready for release, as well as the lead time for 
delivery to the warehouse. Additionally, train schedules and available capacity will also be inputs for the model. 

This solver is closely related to Solver ES_07, which arranges the number of trucks needed. Since these two 
solvers are complementaryτif freight does not go by train, it should go by truckτthe capacity and costs of truck 
transportation must also be considered. By integrating these factors, the model aims to make well-informed 
decisions that balance efficiency, cost, and environmental impact. 

To address the challenge of predicting the need for train wagons and optimising the modal split for freight 
forwarding, data related to the demand for containers at the DHL warehouse will be used, the required arrival 
times, and the availability of trains and trucks. This data will be critical in developing a robust model. The testing 
of various machine learning algorithms is planned, including classical methods such as Linear Regression, 
Decision Trees, Random Forests, and Gradient Boosting Machines. 

Additionally, Operations Research (OR) decision-making methods and simulation-based calibration will be 
integrated to refine the models. This hybrid approach aims to leverage the predictive power of classical ML 
algorithms and the optimisation capabilities of OR techniques. The goal is to identify the most effective model 
that not only predicts the required train wagon capacity but also enhances decision-making to maximise the use 
of economical and environmentally friendly train transport, while considering truck availability as a 
complementary option. Combining these methodologies, we aim to develop a comprehensive solution that 
balances efficiency, cost, and environmental impact. 

The development of the model will commence in July, coinciding with the availability of all relevant data. The 
initial phase will involve data collection and preprocessing, followed by the implementation and testing of 
various machine learning algorithms alongside Operations Research (OR) decision-making methods. The training 
and validation of these models are scheduled to conclude by October. This timeline allows rigorous testing and 
refinement to ensure the models accurately predict train wagon needs and optimise the modal split for freight 
forwarding. Any deviations from the planned schedule will be managed through iterative feedback and 
adjustments, ensuring that the project remains on track to deliver a robust and reliable solution by the end of 
the development period. 
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Table 5-6: Time-plan for solver ES_06 

Development Stage Status Date 

Process understanding and meetings to formulate the expected outcomes  Finished Dec 24 

Model Definition and relation to the DT Finished March 24 

Data Analysis and modelling  Ongoing May 24 

Model Training  Ongoing Sep 24 

Deploy new API version Ongoing Nov 24 

 

Solver Demonstration 

A demonstration of the solver is currently not available, as its development is directly linked to the development 
of the digital twin. 

 

Solver ES_07 ɀ Predict the capacity of trucks 

Development Time-plan and Deviations 

Solver ES_07Ωǎ ƻōƧŜŎǘƛǾŜ is to develop a model that predicts the number of trucks needed for freight forwarding 
directly to the DHL depot. This model aims to estimate the demand for trucks to ensure efficient and timely 
delivery of containers, considering the availability of both trucks and train wagons and the requirements for the 
last leg of the transport journey. 

The data used for this model will include the demand for containers at the DHL warehouse, the required delivery 
times, and the availability of trucks. Additionally, data on train schedules and capacities will be incorporated to 
ensure a comprehensive approach. Classical machine learning algorithms, such as those of Solver ES_06, will be 
tested to determine the most suitable method for accurate predictions. 

A hybrid approach will be employed, integrating Operations Research (OR) decision-making methods and 
simulation-based calibration to refine the models. This combination will leverage the strengths of classical ML 
algorithms and OR techniques to optimise the modal split and enhance decision-making processes. The aim is to 
develop a model that not only predicts the number of trucks needed but also optimises the transportation 
logistics, balancing efficiency, cost, and environmental impact. 

The development of Solver ES_07 started in July, when all relevant data becomes available. The initial phase will 
involve data collection, pre-processing, and exploratory analysis. The subsequent phases will include the 
implementation and testing of various machine learning algorithms and OR methods. The training and validation 
of the models are scheduled to conclude by October. This timeline ensures sufficient time for rigorous testing 
and refinement, resulting in a robust and reliable solution. 

Any deviations from the planned schedule will be managed through iterative feedback and adjustments. Regular 
project reviews and updates will be conducted to ensure the project remains on track. The ǘƛƳŜƭƛƴŜΩǎ flexibility 
allows for adjustments based on real-time challenges and discoveries, ensuring the ultimate goal of developing 
an effective model for truck demand prediction is achieved within the set timeframe. 
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By following this structured approach, Solver ES_07 aims to provide a comprehensive solution for predicting 
truck requirements, thereby enhancing the efficiency and reliability of the freight forwarding process from the 
intermediate location to the DHL depot. 

Table 5-7: Time-plan for solver ES_07 

Development Stage Status Date 

Process understanding and meetings to formulate the expected outcomes  Finished Dec 24 

Model Definition and relation to the DT Finished March 24 

Data Analysis and modelling  Ongoing May 24 

Model Training  Ongoing Sep 24 

Deploy new API version Ongoing Nov 24 

 

Solver Demonstration 

The demonstration of the solver is currently not available, as its development is directly linked to the 
development of the digital twin. 

 

Solver ES_08 ɀ Predict the capacity demand of MDM 

Solver ES_08 is designed as a predictor for the capacity of parcels and rollers, categorised as small or large, for 
each line within a depot. The core function of this solver is to accurately forecast the capacity needs over a future 
period of seven days, utilising a lookback window of 30 days. This means that the model examines and analyses 
data from the past month to make its predictions. 

The prediction process begins by gathering input data that includes capacity measures for both parcels and 
rollers over the 30 days leading up to the prediction day. This historical data is essential as it provides the solver 
with the necessary context and patterns to inform its forecasts. By examining trends and variations in the 
capacity of small and large parcels and rollers over the previous month, the solver can identify key factors and 
recurring behaviours that influence capacity demands. 

The output of the solver ES_08 is a set of predicted capacities for the next seven days. These predictions are 
detailed and specific, providing insights into the expected capacity requirements for small and large parcels and 
rollers on each line within the depot. By delivering forecasts at this granular level, the solver enables depot 
managers and logistics coordinators to plan and allocate resources more effectively, ensuring that they can meet 
demand without overcommitting resources or facing shortages. 

In practical terms, the predictions generated by solver ES_08 help streamline operations within the depot. 
Managers can use the forecasted capacities to optimise their scheduling, ensuring that they have the right 
amount of staff and equipment available to handle incoming and outgoing parcels and rollers. This foresight is 
crucial for maintaining efficiency, reducing bottlenecks, and minimising delays. Additionally, by accurately 
predicting capacity needs, the depot can avoid the costs associated with underutilisation or overstocking, leading 
to more efficient and cost-effective operations. 
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Development Time-plan and Deviations 

Table 5-8 presents the development time plan for solver ES_08. The first version of the solver was developed 
based on generated data due to the limited real historical data provided based on privacy concerns by DHL and 
MDM. The performance of this version of the solver was very poor in terms of prediction accuracy and 
convergence. After the provision of historical data, the second version of the model was trained and finetuned, 
which met the evaluation criteria we imposed on the model in order to output a high-value solver, ensuring 
accurate predictions, which in turn can help stakeholders develop their customised solutions. 

No deviations are reported due to careful planning of the solver and continuous development according to CI/CD 
principles, which prevented bottlenecks while waiting for the provision of historical data. 

Table 5-8: Time Plan for Solver ES_08 

Development Stage Status Date 

Identification of user needs and technical requirements Finished Dec 24 

Model Selection Finished Jan 24 

Initial datasets generated for the first version of ES_08 Finished Jan 24 

The first version of ES_08 was developed and tested (including model development, 
tuning, and validation) 

Finished Feb 24 

Historical datasets collected Finished Mar 24 

The second version of ES_08 was developed and tested Finished Apr 24 

Model tuning/validation Finished May 24 

Demo preparation Not started Sep 24 

Final API deployment Not started Sep 24 

 

Solver Demonstration 

ES_08 has been made compliant with the TIC4.0 format as shown in Figure 5-9. The TIC4.0 format conversion is 
made to achieve uniformity with all solvers that will be developed as part of the Spanish UC and to comply to 
with a vital industry format that enables interoperability and the development of E2E multimodal solver flows. 
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Figure 5-9: Example of the conversion of ES_08 to the TIC4.0 format 

Figure 5-10 shows the initial results of the model trained with generated data. The predictions are spread around 
the actual value indicating weaker prediction capability with clear outliers during the period of Christmas 
vacations further demonstrating the need of provision of historical data for training our model. 

 

Figure 5-10: Initial Model Predictions Using Generated Data for Training our Model 

Figure 5-11 shows the results from solver ES_08 after the model was trained with historical data. The predictions 
are centred around the actual value, indicating good prediction capability and considering real outliers based on 
real data. 
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Figure 5-11: ES_08 Predictions Using Real Data for Training our Model 

 

Solver ES_09 ɀ Predict the number of man-hours required on MDM activities 

Solver ES_09 is designed to predict the capacity of parcels and rollers, categorised as small or large, for each line 
within a depot and station, along with the man hours required to process them. Its primary function is to forecast 
the capacity needs and associated labour requirements over a future period of seven days, utilising a 30-day 
lookback window. This approach ensures the model is informed by a comprehensive dataset from the past 
month, allowing it to make accurate and reliable predictions. 

The prediction process starts with collecting input data, which includes capacity measures for both parcels and 
rollers over the 30 days leading up to the prediction day, combined with man hours data. This historical data 
provides the solver with a detailed context of past operations, including the volume of small and large parcels 
and rollers processed and the labour required to handle them. By examining these patterns, the solver can 
identify significant trends and behaviours that influence capacity and labour demands. 

The output of solver ES_09 consists of predicted capacities and required man hours for the next seven days. 
These predictions are highly detailed, providing specific insights into the expected capacity requirements for 
small and large parcels and rollers on each line within the depot and station, as well as the labour hours necessary 
to manage these tasks. By delivering such granular forecasts, the solver empowers depot and station managers 
to plan and allocate resources more effectively, ensuring they can meet demand without overextending 
resources or facing labour shortages. 

In practical application, the predictions generated by solver ES_09 enhance the efficiency of operations within 
the depot and station. Managers can utilise the forecasted capacities and labour requirements to optimise 
scheduling and resource allocation, ensuring adequate staffing and equipment availability to handle incoming 
and outgoing parcels and rollers. This foresight is crucial for maintaining operational efficiency, reducing 
bottlenecks, and minimising delays. Additionally, by accurately predicting capacity needs and man hours, the 
depot can avoid the costs associated with underutilisation or overstaffing, leading to more efficient and cost-
effective operations. 

Overall, solver ES_09 represents a significant advancement in logistics and depot management. Leveraging a 30-
day lookback window to predict capacities and required man hours for the next seven days provides actionable 
insights that enhance the ability to manage resources and meet demand effectively. Integrating detailed 
historical data with advanced predictive algorithms ensures that the forecasts are reliable and precise, making 
this solver an invaluable tool for optimising depot and station operations and improving overall efficiency. 
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Development Time-plan and Deviations 

Table 5-9 presents the current time plane for the development of solver ES_09 and the future planning until the 
fully developed solver is part of the FOR-FREIGHT platform. The ML model was developed based on historical 
data provided and we separated the effort from the man-hours model in order to avoid any potential 
bottlenecks. The man-hours model is currently being studied and will be part of the second (full) release of the 
solver scheduled for early September 2024. 

Table 5-9: Time plan for solver ES_09 

Development Stage Status Date 

Identification of user needs and technical requirements Finished Apr 24 

Model Selection Finished May 24 

First version of ES_09 was partially developed and initial tests performed Finished May 24 

PM initial model studies Finished Jun 24 

ES_09 fully developed and tested In Progress Sep 24 

Demo preparation Not started Sep 24 

Final API deployment Not started Sep 24 

 

Solver Demonstration 

ES_09 is still under development and has not developed a full demonstration to report its capabilities. We will 
consider a scenario that can provide users with a sense of how they will be able to utilise it. 

A large logistics company operates a depot and multiple stations, managing the flow of parcels and rollers 
categorised as small or large. To enhance operational efficiency and resource allocation, the company 
implements solver ES_09, a sophisticated AI-based predictor designed to forecast the capacity of parcels and 
rollers per category for each line within the depot and stations, along with the required man hours. Over a 30-
day lookback period, the company collects detailed data on the capacity measures and man hours spent on 
handling small and large parcels and rollers. This historical data feeds into solver ES_09, which uses advanced 
ML algorithms to generate accurate forecasts for the next seven days. The daily updated model provides the 
predicted capacity and required labour hours, allowing the depot manager and station supervisors to allocate 
resources efficiently, adjust schedules, and prepare equipment and space accordingly. For instance, based on 
the predictions, they can ensure sufficient staffing levels, avoid congestion, and smooth operations. Continuous 
real-time data ingestion and mid-week adjustments based on actual versus predicted data further enhance the 
model's accuracy and responsiveness to unexpected delays or changes. 

By the end of the week, the manager can review the performance, noting that solver ES_09's accurate predictions 
helped maintain a balanced workflow, prevent overstaffing, and reduce overtime costs. The integration of the 
solver with warehouse management and transportation systems can automate scheduling and routing 
adjustments based on real-time predictions, further optimising efficiency. 
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Solver ES_10 ɀ Optimal cranes schedule at Port of Valencia  

During the development and integration phase of the Spanish solvers, it was considered that the functions 
initially intended for solvers ES_10 and ES_11 could be effectively encompassed within the capabilities of solvers 
ES_01 and ES_03. Consolidating these functionalities into ES_01 and ES_03 allowed for a more efficient use of 
development resources. The decision to cover the functions of ES_10 and ES_11 within ES_01 and ES_03 was 
driven by a need to reduce redundancy, optimize resources, and improve data integration.  

By improving the accuracy of ETA berth predictions, ES_01 significantly enhances the ability of terminal planners 
to manage crane operations efficiently, thus fulfilling the objectives of the originally proposed ES_10 solver. 

Further explanation about the integration of this solver has been described within the ES_01 and ES_03 reports. 

 

Solver ES_11 ɀ Optimal human resource utilisation at Port of Valencia 

During the development and integration phase of the Spanish solvers, it was considered that the functions 
initially intended for solvers ES_10 and ES_11 could be effectively encompassed within the capabilities of solvers 
ES_01 and ES_03. Consolidating these functionalities into ES_01 and ES_03 allowed for a more efficient use of 
development resources. The decision to cover the functions of ES_10 and ES_11 within ES_01 and ES_03 was 
driven by a need to reduce redundancy, optimize resources, and improve data integration.  

By providing precise predictions for container dwelling times, ES_03 enables more optimised human resource 
management, thus fulfilling the objectives of the originally proposed ES_11 solver. 

Further explanation about the integration of this solver has been described within ES_01 and ES_03 reports. 

 

Solver ES_12 ɀ Recommend (before journey) the E2E route planning which optimises time, cost 
and emission factors 

This solver is designed to recommend optimal routes considering different factors such as time, cost and GHG 
emissions. ES_12 builds on the functionalities offered by the ES_04 and ES_05 solvers, incorporating the cost and 
GHG emission predictions of a certain route, and will add the time factor to the predictions to offer an optimal 
route planner based on these three factors. The users will receive route recommendations based on specific 
criteria, such as cost, GHG emissions or time, allowing for flexible and customisable route planning solutions that 
will support their decision-making. 

The current solver approach considers that users can query the solver with their specific requirements, indicating 
preferences for each criterion. Based on this input, ES_12 generates recommendations for the optimal route, 
balancing time efficiency, cost-effectiveness and environmental sustainability. It will allow users to select 
individual functionalities from ES_04 or ES_05 for more targeted predictions or combine all three criteria for 
comprehensive route planning. 

At the current stage of development, ES_12 is undergoing integration of the functionalities of ES_04 and ES_05, 
along with the addition of time capabilities.  

This solver shall be considered as the overall solver for the cost, time and GHG emission predictions of the routes, 
with the individual functionalities offered by ES_04 and ES_05 integrated, and which will later be updated by the 
ES_13 to provide the possibility to adjust schedules during the route for those transport means that have the 
capability to change routes during the trip (vans, trucks). 

 

 

Development Time-plan and Deviations 
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Table 5-10 outlines the development timeline for the E2E route planning. It details the key stages involved and 
the estimated duration for each phase. It is pointed out that ǘƘƛǎ ǎƻƭǾŜǊΩǎ time plan is subject to the development 
of the ES_04 and ES_05 solvers, whose development is the foundation of this solver. 

Table 5-10: Time-plan for solver ES_12 

Development Stage Status Date 

Integration and testing of ES_04 and ES_05 
functionalities 

In progress May 24 

Addition of time capabilities 
In progress. ES_04 and ES_05 provide time 
parameters for their routes 

May 24 

Deploy first version API of ES_12 (to be 
updated on 3rd drop of solutions) 

In progress May-Jun 24 

Model selection In progress Jun 24 

Model development Not started Jun-Jul 24 

Model tuning/validation Not started Aug-Sep 24 

Demo preparation Not started Sep 24 

Final API deployment Not started Sep 24 

The main deviations that have appeared during the development process of this solver are derived from the 
readiness of solvers ES_04 and ES_05. 

 

Solver Demonstration 

Figure 5-12 represents an extract of the TIC4.0 JSON output of ES_12, showcasing some of the key identification 
fields for a sample trip and the calculated associated time. 

This example trip covers the route originating at the Illescas DHL warehouse and ending at the MDM Canillejas 
depot via van. The van will follow route 1, a commonly used route for this depot trip. The calculated trip time, 
determined by ES_12, is 2700 seconds (45 minutes), and it is displayed in the "duration" field with the time value 
indicated in "value". 

 

Figure 5-12: Excerpt of ES_12 TIC4.0 JSON output  
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Solver ES_13 ɀ Recommend (during journey) the E2E route planning which optimises time, cost 
and emission factors 

Solver ES_13 expands the functionalities of ES_12, offering real-time updates and recommendations for E2E 
route planning during the journey. It incorporates components for optimising time, cost and GHG emission, 
similar to ES_12, with the capability of updating route planning dynamically based on changing conditions and 
circumstances during the journey. It will consider potential circumstances such as traffic or deviations from the 
original route. Therefore, solver ES_13 will be considered an update of solver ES_12 by adding this on-demand 
update functionality, and it will provide real-time updates for the users of the planned route. 

This solver will focus on trips made by road using trucks or vans. The logic of this makes it relevant to be able to 
update the route planning in real time (sections such as rail will not be modified once the transport operation 
begins, given their characteristics). It will offer an updated version of the ES_12 solver, allowing road vehicle 
users to update the route planning in real-time. 

 

Development Time-plan and Deviations 

The development of ES_13 is anticipated in the third drop of solutions, following the completion and deployment 
of ES_12. The timeline for ES_13 development will be determined based on the progress of ES_12 
implementation. 

Table 5-11: Time-plan for solver ES_13 

Development Stage Status Date 

Integration and testing of ES_04 and ES_05 functionalities Completed May 24 

First version Solver ES_12 In progress Jun 24 

Addition of real-time capabilities into solver ES_12 Not started Jul-Nov 24 

Deploy first version of ES_13 Not started Nov 24 

Demo preparation Not started Nov 24 

API deployment Not started Nov 24 

As ES_13 is still in a planning phase, there are no deviations from the estimated timeline, however challenges 
related to the integration of real-time update functions are expected to appear throughout the development of 
this solver. 

 

Solver Demonstration 

At the current point of development, there is currently no functional demo/test that demonstrates how the 
solver is working. The development of the solver is scheduled for the next drop of solutions. 

 

Solver ES_14 ɀ Real-time tracking of container 

Solver ES_14 facilitates real-time tracking of containers during their transit from Valencia Port to their 
destination. Initially, hardware deployment activities were performed to enable cargo monitoring. CERTH 
provided two IoT devices for installation in trucks belonging to CSLS's partner companies. Specifically, these were 
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two Teltonika FMP100 devices, Galileo compatible, configured to offer comprehensive monitoring capabilities. 
This solution ensures full visibility of the cargo in real time for Scenario 1 of the Spanish UC, enabling complete 
status awareness, including event/incident registration, transport conditions, and digital Proof of Delivery upon 
arrival. 

The IoT devices were initially configured with customised settings to ensure thorough data collection, including 
key parameters for precise monitoring and analysis. In the subsequent phase, the tracking devices were 
dispatched to CSLS for distribution to their partners and installation in the trucks. Following installation, 
extensive testing procedures were conducted to validate the devices' functionality and reliability under various 
operational conditions. Over a week, the two trucks with the Teltonika FMP100 devices carried out cargo 
distribution routes to evaluate the performance and durability of the devices in real-world logistics routes 
starting from Valencia Port (Figure 5-13). During this period, data transmission and analysis were rigorously 
tested.  

 

Figure 5-13: Testing real-time tracking of the containers using Teltonika FMP100 devices 

The Teltonika FMP100 devices, equipped with prepaid SIM cards with a 500 MB data limit requiring regular top-
ups, began transmitting extensive data to CERTH. Data management and analysis are handled through the 
Traccar platform, an open-source GPS tracking ǎȅǎǘŜƳ ƛƴǎǘŀƭƭŜŘ ƻƴ IL¢Ωǎ ƭƻŎŀƭ ǎŜǊǾŜǊ ǿƛǘƘ ƎǊŀŘŜŘ ŀŎŎŜǎǎΦ ¢Ƙƛǎ 
setup facilitates real-time monitoring of vehicle locations and movements and collects additional data points 
such as speed, engine status, and route deviations. The upcoming phase involves conducting trials at the Spanish 
pilot site over approximately one month. The systematically analysed data from these trials will assess the 
efficiency and reliability of trucking routes. The insights gained will contribute to developing innovative solutions, 
including Digital Twins, which are expected to enhance predictive maintenance models and optimised route 
planning, significantly improving decision-making and strategic planning. 

 

Development Time-plan and Deviations 

Table 5-12: Time-plan for solver ES_14 

Development Stage Status Date 

Configuration Completed February 24 
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Supply and Installation Completed March 24 

Initial Testing (data transmission) Completed April 24 

Trial site testing  Not started Nov 24 

Demo preparation Not started Nov 24 

 

Solver Demonstration 

At the current point of development, no functional demo/test demonstrates how the solver is working. The 
development of the solver is scheduled for the next drop of solutions. 

 

Solver ES_15 ɀ Real-time tracking of roller cages 

Solver ES_15 is part of Scenario 2 in the Spanish UC, focusing on real-time tracking of roller cages at selected 
checkpoints as they travel from the DHL warehouse to the Metro de Madrid warehouse and then to their final 
destinations, the station lockers. Two mobile phones equipped with Galileo and 5G capabilities will be used for 
location data collection. Phones are preferred over sensors due to the operational challenges in the underground 
metro network, where mobile phones can better handle coverage difficulties. 

For the development of this solver, the first stage involved setting up the two mobile phones to ensure 
comprehensive data collection. The second stage followed with the procurement and delivery of the two phones 
from CERTH to DHL. Subsequently, DHL secured the two necessary SIM cards and installed them in the two 
phones, making it possible to activate them and obtain the necessary data for 5G connectivity. To accurately 
locate the roller cages, an application will be developed that reads QR codes and will be specifically adapted for 
the requirements of the UC. This application will be installed on the phones to read the QR codes at designated 
points in the chain, containing the information needed to track parcels. In the DHL Warehouse, each parcel will 
be scanned and placed in a roller cage containing only parcels with the same destination. The roller cages will 
also be scanned, connecting them to the specific parcels. Thus, the warehouse operator, by scanning the QR 
code, will select in the system the final station for delivery, and it will automatically have the information of the 
Metro Line that the station belongs to and the Metro Depot to which the roller cages should be driven (in real-
time). The data collected by cage tracking is transmitted in real time for process monitoring and real-time 
decision-making. Furthermore, it will be used for further analysis and evaluation, such as historical data for the 
digital twins that will be developed for Scenario 2 of the Spanish UC and will be used for prediction of capacities 
(train wagons, trucks, storage). 

 

Development Time-plan and Deviations 

Table 5-13: Time-plan for solver ES_15 

Development Stage Status Date 

Configuration Completed February 24 

Supply of the devices Completed March 24 

Installation of sim cards and activation Completed May 24 
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QR reader application development On-going October 24 

Trial site testing  Not started Nov 24 

Demo preparation Not started Nov 24 

 

Solver Demonstration 

At the current point of development, there is currently no functional demo/test that demonstrates how the 
solver is working. The development of the solver is scheduled for the next drop of solutions. 

 

Solver ES_16 ɀ Digital Proof of Delivery 

Solver ES_16 is a critical component integrated within the platform developed by FV. It will be the Blockchain 
functionality that ensures the integrity of the deliveries and provides timestamps/signatures to verify the identity 
of the processes. The primary objective of ES_16 is to establish a reliable method for confirming deliveries and 
tracking shipments using blockchain technology. This solver ensures the immutability and transparency of 
delivery records, facilitating the verification of deliveries and providing a trail of transactions.  

The digital platform, based on the DataPorts H2020 project [6], is a blockchain-based solution using Hyperledger 
Fabric deployment. Data form different sources will be gathered and registered in the blockchain infrastructure 
through the chain code. The blockchain component enables ES_16 to record key details such as timestamps, 
status, location, signatures and other relevant information associated with each delivery where the different 
involved stakeholders could corroborate the different processes, serving as the Digital Proof of Delivery. 

 

Development Time-plan and Deviations 

Development planning is linked to ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ŀƴŘ ŀŘƧǳǎǘƳŜƴǘ ƻŦ ǘƘŜ C±Ωǎ ǇƭŀǘŦƻǊƳΦ hƴŎŜ ŀ ƳƛƴƛƳǳƳ ǾƛŀōƭŜ 
version was deployed, work began on adding the blockchain component (ES_16). The following Table 5-14 
represents this time-plan: 

Table 5-14: Time-plan for solver ES_16 

Development Stage Status Date 

Platform prototype deployed Finished Jan 24 

Initial platform configuration Finished Feb 24 

Creation of service and roles Finished Feb 24 

DŜƴŜǊŀǘŜ !tL ǇǊƻȄȅ άIȅǇŜǊƭŜŘƎŜǊ Connectorέ 
In progress. Working 
over the initial version 
of Hyperledger Fabric. 

Sep 24 

Create an enrolment endpoint in the API: This method will validate this 
token from the token provided by the back, generate an identity, create 
its cryptographic material (certificate obtained from the CA and private 

Not started Jun 24 
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key), store it in the wallet of the DB and return the data of the blockchain 
identity. 

Create an endpoint to invoke the methods of the FOR-FREIGHT chain 
code: This endpoint will receive the data of the invoking blockchain 
identity, the name of the method to invoke and method parameters if 
necessary. 

Not started Jun 24 

Adapt the front/back to allow the request for registration/retrieval of 
blockchain identity of any company/user, and its storage in the DB. 

Not started Aug 24 

Adapt the front/back to make calls to the API chaincode invocation 
endpoint in the event of any change in the status of an asset, and save 
the result of the execution in the history associated with the asset in the 
DB. 

Not started Aug 24 

Demo preparation Not started Oct 24 

No major deviations from the established time plan have arisen. 

 

Solver Demonstration 

At the current point of development, there is currently no functional demo/test that demonstrates how the 
solver functionality is working. 

 

Solver ES_17 ɀ Decentralised system for sharing data and documents between different 
stakeholders 

DHL and MDM operate independently, with no platform for sharing information and coordinating processes. 
This disjointed approach results in inefficiencies, particularly when it comes to exchanging critical information 
such as locker availability and transport requests. Without a common point for communication, DHL and MDM 
struggle to meet the evolving demands of their clients. The answer to this gap has been the development of the 
project platform for sharing data and processes, enabling the interoperability between these stakeholders. 
Precisely, with the development of the functionality to connect DHL and MDM in their locker requests 
management. 

This solver ES_17 addresses this need for a decentralised platform that facilitates the sharing of data and 
documents between different stakeholders managing locker spaces, specifically targeting connectivity between 
MDM and DHL. As an integral functionality of the platform, ES_17 enables seamless communication and 
collaboration between these two stakeholders who currently ŘƻƴΩǘ ƘŀǾŜ ŀ ŎƻƳƳƻƴ ǎƛƴƎƭŜ Ǉƻƛƴǘ ǘƻ ƻǇŜǊŀǘŜ 
together. 

The platform [6] which incorporates the ES_17 functionalities, is currently operational and running. The process 
of requesting lockers has been defined and mapped on the platform, as depicted in , allowing stakeholders to 
perform these processes in an interoperable manner. This process has been defined jointly by DHL and MDM, to 
represent the message exchange process that will take place when DHL needs to ask about the locker availability 
to the locker manager (MDM in this case, later to be replicated by another locker management company). Then, 
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the locker manager will be able to respond to DHL whether the request is accepted or rejected, in case there is 
or is not available space in the lockers. 

 

Figure 5-14: Locker request process ES UC Scenario 2 

This communication between the two stakeholders has been enabled through the functionality offered by solver 
ES_17 and accessed through the platform developed by FV. 

Development Time-plan and Deviations 

Development planning is linked to the ŘŜǇƭƻȅƳŜƴǘ ŀƴŘ ŀŘƧǳǎǘƳŜƴǘ ƻŦ ǘƘŜ C±Ωǎ ǇƭŀǘŦƻǊƳΦ Once a minimum viable 
version was deployed, work began on defining the ES_17 functionality. The following Table 5-15 represents this 
time plan: 

Table 5-15: Time-plan for solver ES_17 

Development Stage Status Date 

Platform prototype deployed Finished Jan 24 

Definition of the operational process with 
MDM and DHL 

Finished Feb 24 

Initial platform configuration Finished Feb 24 

Creation of service and roles Finished Feb 24 

Creation of DHL and MDM users Finished Feb 24 

Develop Locker bookings service  In progress Apr 24 

Develop Accept/Reject request function Finished Mar 24 
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Demo preparation Not started May-Jun 24 

Activate service for the users Not started Jun 24 

There have been no significant deviations in the development of this functionality. The development and 
implementation of the decentralised platform for sharing data and documents have proceeded according to 
schedule, with successful deployment and operationalisation of the platform. 

 

Solver Demonstration 

Demonstration of the functionality of the ES_17 can be done by testing the Locker bookings at metro stations 
service. This service will be accessible to users with άtŀǊŎŜƭ ŘŜƭƛǾŜǊȅ ŎƻƳǇŀƴȅέΣ ά[ƻŎƪŜǊ ƳŀƴŀƎŜǊέ ŀƴŘ άŀŘƳƛƴέ. 

1. ²ƘŜƴ ŀŎŎŜǎǎƛƴƎ ǘƘŜ ǾƛŜǿ ǿƛǘƘ ǘƘŜ ǊƻƭŜ άtŀǊŎŜƭ ŘŜƭƛǾŜǊȅ ŎƻƳǇŀƴȅέΣ ȅƻǳ Ŏŀƴ ǊŜƎƛǎǘŜǊ ŀ ǊŜǉǳŜǎǘ ƛƴŘƛŎŀǘƛƴƎ 
the date, metro station and how many lockers are required. After registering the request, an e-mail will 
be sent to the MDM contact address informing of this. 

2. ²ƘŜƴ ŀŎŎŜǎǎƛƴƎ ǘƘŜ ǾƛŜǿ ǿƛǘƘ ǘƘŜ ǊƻƭŜ ά[ƻŎƪŜǊ aŀƴŀƎŜǊέΣ ȅƻǳ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ŎƘŜŎƪκǳƴŎƘŜŎƪ ŀƴ 
ά!ŎŎŜǇǘκwŜƧŜŎǘέ ŦƛŜƭŘ ƛƴ ŜŀŎƘ ƻŦ ǘƘŜ ƭƻŎƪŜǊ ǊŜǉǳŜǎǘǎΦ hƴŎŜ ǘƘƛǎ ƛǎ ŘƻƴŜΣ ŀƴ ŜƳŀƛƭ ǿƛƭƭ ōŜ ǎŜƴǘ ǘƻ ǘƘŜ 5I[ 
user who registered the request. 

3. When accessing the view, you will be able to consult the requests filtered by date range and the name 
of the metro station, as well as accept/reject. 

Figure 5-15 shows an example of the current version, how the service works, where each request can be accepted 
or rejected, and the information associated with each request is included. 

 

 

Figure 5-15: ES UC Locker booking at metro stations example 
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6 Greek Use Case 
6.1 Scope and Objectives 

The primary objectives of the Greek Use Case (GR_UC) revolve around addressing real-world challenges within 
the sea-air T&L chain, particularly involving carrying freight from the Port of Piraeus to the GOLDAIR warehouse 
(AIA area). These challenges stem from fundamental issues such as the absence of unified management systems 
with common interfaces, resulting in low interoperability, insufficient digitalisation and automation of logistics 
processes, and suboptimal resource planning due to reliance on outdated information.  

 

Figure 6-1: The association of root cause layers, real-world problems, and proposed solver clusters 

The GR_UC aims to tackle these issues by proposing innovative solutions that enhance efficiency and 
effectiveness throughout the T&L chain. By bridging the gaps in management systems, increasing digitalisation 
and automation, and improving resource planning accuracy, GR_UC seeks to optimise operations, reduce costs, 
and improve overall performance. Figure 6-1 maps out the association between root cause layers, real-world 
problems, and proposed solver clusters, highlighting the holistic approach to address the challenges in the sea-
air transportation and logistics sector.  

 

6.1.1   Key Performance Indicators (KPIs)  

This chapter elucidates the correlation between the proposed solvers and the GR_UCΩǎ YtLǎ. The primary aim is 
to establish transparent linkages between the KPIs and the solvers, thereby offering a comprehensive 
understanding of how each solver contributes to achieving the GR_UC performance objectives.  

Table 6-1: The connection of the GR_UC KPIs with the related solvers supporting their satisfaction 

KPI Related Solvers 

Reduction of container idle time at the port by 25%  GR_01, GR_02, GR_08, GR_09-GR_12  

Reduction of container idle time at the airport by 
25%  

GR_01, GR_08, GR_21  

Reduction of customs clearance process time by 20%  GR_01, GR_02, GR_08, GR_09-GR_12  

Reduction of errors by 20%  GR_13-GR_16, GR_21-GR_23  

Increased efficiency of the storage space by 15%  GR_01, GR_03, GR_04, GR_08, GR_09-GR_12  



D2.2 FOR-FREIGHT multimodal transport platform - First full drop 

΄ FOR-FREIGHT, 2024  Page | 56  

 

Increased E2E capacity due to optimisation of 
resource utilisation by 20%  

GR_01, GR_02, GR_08, GR_09-GR_12   

 

6.2 Partner Roles 

WINGS develops software for various vertical sectors. From a technical perspective, WINGS will assume the role 
of Technology developer and integrator for the multi-modal logistics solution to be implemented for the GR trial, 
by utilising and upgrading the functionality of its WINGSChariot Logistics platform. WINGS will also integrate 
information from the systems and vehicles of the other Greek partners, to be able to offer a solution that 
provides E2E monitoring and control of the entire multimodal process. WINGS plans to exploit the outcomes of 
the project to showcase the capabilities of its WINGSChariot platform to relevant T&L stakeholders, and to 
mature its offering to its T&L clients to a Technological Readiness Level (TRL) 7. 

AIA will offer operational expertise and an operational airport environment for the conduction of the real-life 
trials. AIA will provide user requirements for the development of the project tools and methods and will 
contribute to the design and implementation of the related validation scenarios. AIA will evaluate the results of 
the validation scenarios and attest the outcomes of the project. Moreover, AIA will be involved in the 
dissemination and exploitation tasks through its participation in industry-related events and forums, as well as 
in standardisation and policy-making activities by communicating the project results to aviation industry policy-
making Bodies and Organisations. 

COEL provides shipping agency services to develop brokerage, shipping, transport, and commercial activities and 
undertakes to transport goods in containers by any means, such as sea, land, rail and air transport. COEL also 
provides customs clearance, import, export, storage, and cargo transhipment services. In the FOR-FREIGHT 
project COEL will provide the end-user requirements and will participate in the validation of the final solutions, 
while it will also enable the execution of the GR trials through the utilisation of its ƻǿƴ ŀƴŘ ŎƻƻǇŜǊŀǘƛƴƎ ǇŀǊǘƴŜǊǎΩ 
assets (Piraeus Consolidation & Distribution Center (PCDC) warehouse located in Piraeus Container terminal, 
trucks, etc.) and the provision of the necessary data from their management system.  

 

6.3 Implementation Activities 

6.3.1 Hardware Deployment and Software Development 

The deployment of On-Board Units (OBUs) and parking sensors took place in COEL trucks and GOLDAIR 
respectively. The OBUs concern specialised telematics devices which are installed on /h9[Ωǎ trucks to monitor 
and manage vehicle operations. Mounted on trucks travelling from the port to the airport, OBUs capture real-
time data on vehicle movements, routes taken, and a variety of other parameters. They are equipped with GPS, 
accelerometers, and other sensors that provide detailed information on the location, speed, fuel consumption, 
and environmental conditions of the truck. This data is crucial for optimising routes, improving safety, and 
enhancing the overall efficiency of the transportation process via feeding the Greek UCΩǎ solvers with valuable 
input.   
The parking sensors are ŀŘǾŀƴŎŜŘ ƛƴŘǳŎǘƛƻƴ ǎŜƴǎƻǊǎ ǎǘǊŀǘŜƎƛŎŀƭƭȅ ǇƭŀŎŜŘ ƛƴ Dh[5!LwΩǎ ǿŀǊŜƘƻǳǎŜΣ ƻƴ ƭƻŀŘƛƴƎ 
and unloading lanes. Induction sensors operate based on the principle of electromagnetic induction. They detect 
changes in the electromagnetic field caused by the presence of a large metal object, such as a vehicle. When a 
vehicle enters the sensor's field, it disrupts the magnetic field, and this change is detected and recorded as a 
parking event. By monitoring parking events, these sensors provide valuable insights into the efficiency of 
warehouse operations, including the utilisation of loading docks and the turnaround time of vehicles. The data 
collected can indicate how long a vehicle stays in a particular spot, helping to identify bottlenecks and optimise 
the flow of goods within the warehouse. This information helps streamline warehouse activities and improve 
resource allocation. 
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6.3.2 Integration with the Platform  

To ensure the integration process is held according to what was planned in the development planning tasks, the 
GR_   UC solvers are developed to fit the solver archetype, requiring small changes such as splitting solvers that 
were initially designed to have their functionalities included in one container. 

The solvers in the Greek use case follow the same deployment procedure as the remainder of the solvers, having 
an installation through a Helm chart, which contains the information required to deploy not only the container 
with the required source code and additional utilities whenever required, the service exposure and an ingress to 
make the API available for external access. 

TƘƛǎ ǳǎŜ ŎŀǎŜΩǎ 9н9 ǎƻƭǾƛƴƎ ǇǊƻŎŜǎǎ ǿŀǎ ǘƘŜ ŦƛǊǎǘ ǘƻ ōŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ǿƻǊƪŦƭƻǿ ŜƴƎƛƴŜ and 
additional requirements were identified through this process, which in turn initiated the development of 
additional nodes within the workflow engine that can be used by other solving processes, thus facilitating the 
integration for the other use cases. 

Furthermore, this UC used additional tools to showcase the solutions developed. 

 

 

Figure 6-2: Illustration of the GR_UC FOR-FREIGHT dashboard 
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The FOR-FREIGHT dashboard developed for GR_UC stands as a robust and multifaceted tool tailored to meet its 
diverse needs. This dynamic platform seamlessly integrates a wide array of data sources, ensuring a 
comprehensive dataset that spans various aspects of the T&L chain. Notably, it facilitates the integration of 
legacy systems from COEL and GOLDAIR, providing a unified interface for streamlined operations.  

At the heart of the FOR-FREIGHT dashboard are the deployed OBUs and parking sensors, which enable real-time 
tracking and monitoring of trips. Users can access real-time and historical trip information, empowering them 
with valuable insights into past performance and current operations.  

One of the key features of the dashboard is its user-friendly interface, which is designed for easy configuration 
to accommodate diverse user preferences. With a rich library of widgets, users can customise their dashboard 
to display the most relevant information for their needs. Additionally, a dedicated card allows for seamless of 
sensor data visualisation, providing a clear overview of critical metrics.  

Furthermore, the dashboard offers advanced functionality through its integration with solver APIs. Users have 
the option to call upon these solvers directly from the dashboard, enabling on-the-fly execution of preferred 
solvers to address specific challenges or optimise operations. This flexibility empowers users to leverage the full 
potential of the dashboard as a dynamic decision support tool within the GR_UC ecosystem.  

 

Figure 6-3: Illustration of the FOR-FREIGHT API for the GR_UC 

The steps taken to facilitate that platform contained the following:  

1. Component Identification: Identify the various components required for the dashboard, including data 
sources, Connectivity protocols, OBUs, parking sensors, legacy systems from COEL and GOLDAIR, and 
solver APIs.  

2. Data integration: The data sources integrated into the platform as an essential step ensuring the 
compatibility and seamless communication between different systems through the exploitation of 
dedicated APIs.  
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3. Hardware integration: In this step we integrated the deployed OBUs and parking sensors ensuring proper 
calibration and synchronisation to accurately capture trip information and real-time events in the 
warehouse.  

4. Legacy systems integration: Different legacy systems were integrated by COEL and GOLDAIR into the 
GR_UC local platform harmonising disparate systems with the assistance of dedicated APIs.  

5. Solver API Integration: The solver APIs were properly integrated into the dashboard, enabling users to 
call upon the desired solvers directly from the platform ensuring seamless communication and data 
exchange between the dashboard and external solver service.  
 

6.4 Solutions Development Status 

As an introductory note, it must be highlighted that there were some slight deviations from the solution 
development process, basically due to the intricate and time-consuming process required for integrating the 
legacy systems of the stakeholders involved in the UC. The primary cause of the timeline changes is the extensive 
effort necessary for this integration. However, no critical issues occurred from this delay, as synthetic data was 
created to accurately mimic the outputs of these systems, and the necessary algorithms to process this data have 
been developed. 

 

 Solver-GR_01 ɀ Time of arrival estimation 

An estimation of the time it will take for the truck to reach GOLDAIR Handling from Piraeus has been calculated 
using information from the OBU and historical data on the route. The following sketch illustrates the functional 
requirements as well as its output.  With this departure data, the system then utilises historical traffic data for 
the selected route. By applying regression analysis to this data, the predicted arrival time of the truck is 
estimated. This process ensures that the predictions are as accurate as possible, considering current and past 
traffic conditions. The following sketch illustrates the functional requirements of this system and its output. 

 

 

 

Figure 6-4: Representation of the flow of information of GR_01 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The following Table outlines the development timeline for the development of the ETA prediction solver:  
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Table 6-2: Time-plan for solver GR_01 

Development Stage Status Date 

Identify relevant data sources, including 
gate out events from the Port of Piraeus, 
Parking events at GOLD. 

Completed Nov 23 

Creation of synthetic data Completed Nov 23 

Creation of the model Completed Dec 23 

Incorporation of real data into the model Not started Sep 24 

Deploy the model with an API Not started Oct 24 

 

Solver Demonstration 

 

Figure 6-5: The duration time for the route PCT-GOLDAIR Handling S.A via 2 routes. The green dots indicate the 
predicted values stemming from the regression analysis model 

For the solver demonstration, the duration of the route plotted against the start time from the port of Piraeus is 
depicted for both options, as highlighted in the map. Route 1 (blue colour) describes the route from the port of 
Piraeus to the AIA via the highlighted roads in a similar manner to that presented for route 2. Green dots are the 
predicted values stemming from regression analysis models. 

 

Solver GR_02 ɀ Time estimation prediction at port 

Solver GR_02 provides the port decision maker with information about available flights, considering several 
criteria such as cost, duration, and capacity. Based on this information, the port decision maker selects the 
preferred flight. Once the flight is chosen, the ETA, provided by GR_01, is optimised according to the selected 
criteria. This optimised ETA is then communicated back to the port decision maker. 

In this system, several actors are involved in exchanging information, including the Warehouse, the port's legacy 
systems, and the OBUs. The Warehouse ensures that the cargo is ready for transport, the port's legacy systems 
manage and relay logistical data, and the OBUs provide real-time tracking information of the trucks. The port 
decision-maker uses this coordinated information to organise internal resources effectively, ensuring that the 
cargo is handled promptly and efficiently at the port to meet the specific flight's schedule.  
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Figure 6-6: Representation of the flow of information of GR_02 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The following Table outlines the development timeline for the time estimation prediction at port solver: 

Table 6-3: Time-plan for solver GR_02 

Development Stage Status Date 

OBUs, Parking sensor installation Completed Nov 23 

Local integration of OBUs  Completed Dec 23 

Creation of synthetic data Completed Dec 23 

Algorithm development  Completed Dec 23 

Integration of Port legacy systems into the 
local platform 

Completed Feb 24 

Integration and testing of GR_01, GR_09-
GR_12  

Completed Jun 24 

Demo preparation using synthetic data On-going Sep 24 

Warehouse Management System (WMS) 
integration into the platform 

On-going Oct 24 

Demo preparation using real data Not started Nov 24 

API deployment Not started Nov 24 
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Solver Demonstration 

{  

  "user_input": {  

    "desired_destination": "Paris",  

    "selected_criterion": "Earliest time of arrival"  

  },  

  Ƨ/ÕÔÐÕÔƙ ÐÏÒÔʍÁÃÔÉÖÉÔÉÅÓʏƙ ǅ 

    "Latest_check_out_time_from_the_port_gate": "yyyy - mm- dd hh:mm:ss"  

  }  

}  
Figure 6-7: The JSON file of GR_02  

The figure above presents the JSON file containing information about the desired destination and selected 
criteria for the transportation of freight starting from Piraeus port to a global destination. As an output, the latest 
checkout time from the port gate is communicated to the port decision maker so that port activities can be 
coordinated accordingly. 

 

Solver GR_03 - Screening time estimation 

The focus of solver GR_03 is on accurately predicting the time required for cargo screening at the warehouse 
stage. This screening will take place at the GOLDAIR warehouse, which processes freight arriving from the port 
of Piraeus. The procedure behind this estimation involves a series of steps involving the warehouse legacy 
systems. Specifically, the algorithms take into consideration the screening rate (i.e., the product_ID/unit time 
portion) and the order_IDs queue (i.e., the queued items to be screened). Then, the baseline capacity of the 
warehouse is taken into account (i.e., the percentage of the warehouse occupancy) using the WMS. The 
processing of this information provides you with the screening time estimation based on the formula below. 

 

 

IR: Input Rate (
              

) 

OR: Output Rate (
              

) 

IRdm, ORdm : Seasonal evolution of IR and OR 

t: time 

 

Figure 6-8: Representation of the flow of information of GR_03 with the necessary functional requirements as well as 
the related output 
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The above figure displays the JSON file that contains details about the screening rate and the order IDs queue in 
the warehouse as input. By retrieving the baseline from the WMS and applying the previously highlighted 
formula, we obtain an output informing us of the estimated screening time and the corresponding Order ID. 

 

Development Time-plan and Deviations 

The following Table outlines the development timeline for the Screening time estimation solver: 

Table 6-4: Time-plan for solver GR_03 

Development Stage Status Date 

Creation of synthetic data On-going Jun 24 

Algorithm development  On-going Jul 24 

Demo preparation using synthetic data On-going Sep 24 

WMS integration into the platform On-going Oct 24 

Demo preparation using real data Not started Nov 24 

API deployment Not started Nov 24 

 

Solver Demonstration 

The following JSON file demonstrates the inputs and outputs from the GR_03 solver, namely the estimated 
screening time. 

{  

  " WMS_info": { Ƨ3ÃÒÅÅÎÉÎÇʍÒÁÔÅƨƙƨUnit  time/ order_ID ƨ,  

    " Order_IDs_ queue": " # queueing orders for screening ",  

  },  

  "Output: Estimated time of screening ": {  

    " Order_ID ": "ABC 123",  

    " Screening_time ": " # unit time ",  

  }  

}  
Figure 6-9: The JSON file of GR_03. 

The above figure displays the JSON file that contains details about the screening rate and the order IDs queue in 

the warehouse as input. By retrieving the baseline from the WMS and applying the previously highlighted 

formula, we obtain an output that informs us of the estimated screening time along with the corresponding 

Order ID. 

 

Solver GR_04 - Time staying prediction at warehouse 

GR_04 focuses on predicting the total duration of a freight's stay at the GOLDAIR warehouse, covering the 
entire process from unloading from the truck to loading onto the aircraft. It considers multiple stages, including 
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the unloading time, inspection and screening durations, handling and storage within the warehouse, and the 
loading time onto the aircraft. By leveraging historical data and real-time inputs, the solver aims to provide 
accurate predictions, optimising scheduling, resource allocation, and overall operational efficiency at the 
warehouse. The solver consumes data from WMS together with the OBU regarding the estimated screening time, 
the unloading rate of the freight, the aircraft loading time (based on historical data), the coordination of the 
freight. As a result, the time staying prediction at the warehouse is calculated. 

 

 

Figure 6-10: Representation of the flow of information of GR_04 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The following Table outlines the development timeline for the time staying prediction at warehouse solver: 

Table 6-5: Time-plan for solver GR_04 

Development Stage Status Date 

OBUs Completed Nov 23 

Local integration of OBUs  Completed Dec 23 

Integration and testing of GR_03 and 
freight tracking solvers. 

On-going Jun 24 

Creation of synthetic data On-going Jul 24 

Algorithm development  On-going Aug 24 
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WMS integration into the platform On-going Oct 24 

Demo preparation Not started Nov 24 

API deployment Not started Nov 24 

 

Solver Demonstration 

The following JSON file illustrates the set of inputs and outputs collected from the GR_04 solver. Specifically, the 
inputs contain information on the unloading rates, aircraft loading time, geolocations, and screening times. The 
final output, deduced by this solver, is the estimated total stay duration at the warehouse. 

{  

    "input": {  

        "Unloading rate of the freight": "Kgr/unit time",  

        "Aircraft loading time Ƶ Historical data": "Unit time",  

        "Geolocations/timestamps":  

            {  

                "Coordinates": "lat1, lon1",  

                "Timestamp": "2024 - 05- 28 14:00:00"  

            } ,  

        "screening time":  

            {  

                "Product ID": "123",  

                "Screening time": "30 min"  

            },  

    },  

    "output": {  

        "Estimated time of total stay duration at warehouse":  

            {  

                "Product ID": "123",  

                "Total stay duration": "2 hours"  

            }         

    }  

}  
Figure 6-11: The JSON file of GR_04 

 

Solver GR_05 - Transport cost prediction  

Solver GR_05 predicts the transport cost of carrying freight from the Port of Piraeus to the GOLDAIR warehouse 
(AIA area) by considering several factors. It starts by calculating the gas cost for the truck on the chosen route 
and adding any applicable tolls. The algorithm also takes into account historical data on congestion for the two 
commonly used routes. The expected gas consumption is converted into cost based on the current price of the 
specific fuel used on the route. This estimated gas cost is added to the tolls to calculate the total transport cost 
prediction.  
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Figure 6-12: Representation of the flow of information of GR_05 with the necessary functional requirements as well as 
the related output  

 

Development Time-plan and Deviations 

The Table below summarises the time-plan for the completion of the GR_05 solver. 

Table 6-6: The time-plan for solver GR_05 

Development Stage Status Date 

OBUs Completed Nov 23 

Local integration of OBUs  Completed Dec 23 

Creation of synthetic data Completed Dec 23 

Algorithm development  Completed Dec 23 

Integration of Port legacy systems into the 
local platform 

Completed Feb 24 

Integration of third-party applications Completed Sep 24 

API deployment Not started Oct 24 

 

Solver Demonstration 

Figure 6-13: Demonstration of GR_05Figure 6-13 illustrates the evolution of fuel costs with the start time from 
the port for the two routes. Historical data is presented with red symbols, while the model's predictions are 
shown in blue. For both routes, the optimal start time for the lowest transportation cost is 6:00 am. 
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Figure 6-13: Demonstration of GR_05 

 

Solver GR_06 - Prediction of CO2 emissions for the road part  

This solver is about predicting the CO2 footprint of the freight transportation from point A to point B. Several 
factors have been considered for the creation of the model, such as historical data of the routes involved, the 
type of truck and the gas consumed. The CO2 conversion factor differs depending on the type of the vehicle used 
(i.e., Diesel consumed vehicles 2.681 kg of CO2 / litre, Gasoline consumed vehicles 2.30 kg of CO2 / litre). In the 
end, the emitted CO2 is given by the formula: 

Emitted CO2= 2.68 Consumed gas 

 

Figure 6-14: Representation of the flow of information of GR_06 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The following Table shows the time-plan for the completion of GR_06. The solver is available using synthetic data 
since December 2023. WINGS will integrate real data and provide a complete version by the end of September 
2024. 

 
1 Mickunaitis et al., Transport, Vol XXII, No 3 P 160-163 (2007) 
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Table 6-7: The time-plan for solver GR_06 

Development Stage Status Date 

OBUs Completed Nov 23 

Local integration of OBUs  Completed Dec 23 

Creation of synthetic data Completed Dec 23 

Algorithm development  Completed Dec 23 

Integration of Port legacy systems into the 
local platform 

Completed Feb 24 

Integration of third-party applications Completed Sep 24 

API deployment Not started Oct 24 

 

Solver Demonstration 

The following figure illustrates the evolution of CO2 emissions with the start time from the port for the two 
routes. Historical data is presented with red symbols, while the model's predictions are shown in blue. For both 
routes, the optimal start time for the lowest CO2 emissions is 6:00 am. 

 

 

Figure 6-15: Representative plots of the CO2 emissions as a function of the time of departure 

 

Solver GR_07 ɀ Warehouse capacity prediction 

This solver focuses on predicting the capacity of GOLDΩǎ warehouse in the AIA area. It considers various factors 
such as the freight input and the output rates, and the baseline occupancy. By analysing these elements, the 
solver estimates the near future warehouse occupancy generated. 
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Figure 6-16: Representation of the flow of information of GR_07 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The following Table depicts the time-plan for the completion of GR_07. 

Table 6-8: The time-plan for solver GR_07 

Development Stage Status Date 

Creation of synthetic data On-going Jun 24 

Algorithm development  On-going Jul 24 

Demo preparation using synthetic data On-going Sep 24 

WMS integration into the platform On-going Oct 24 

Demo preparation using real data Not started Nov 24 

API deployment Not started Nov 24 

 

Solver Demonstration 

The following JSON file includes detailed information regarding the input rate of the freight, the output rate, and 
the ŦŀŎƛƭƛǘȅΩǎ baseline occupancy. By applying the specified formula, the solver processes these inputs to predict 
the occupancy levels. The result, which is the predicted occupancy, is extracted and provided as the output of 
this solver. This output helps manage and optimise warehouse space and resources effectively. 

{  

    "Input rate of freight": "ton nes/unit time * entire ton nes warehouse can host",  

    "Output rate of freight": "ton nes/unit time * entire ton nes warehouse can host",  

    "Baseline occupancy": "123% occupied warehouse",  

    "Predicted occupancy": "123% occupied warehouse"  

}  
Figure 6-17: JSON of the solver GR_07 
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Solver GR_08 - Slotting and location assignments recommender 

This solver prioritises slotting optimisation and location assignments, streamlining the process for trucks. It offers 
recommendations regarding the availability of (un)loading lanes and the optimal time windows for their 
utilisation. 

 

Figure 6-18: Representation of the flow of information of GR_08 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The following Table depicts the time-plan for the completion of GR_08. 

Table 6-9: The time-plan for solver GR_08 

Development Stage Status Date 

Installation of Parking sensors Completed Nov 23 

Local integration of Parking sensors Completed Dec 23 

WMS integration into the platform On-going Oct 24 

API deployment Not started Nov 24 

Solver Demonstration 

The following JSON illustrates the lane availability status, collected from the GR_08 solver. This information is 
derived by utilising data from the WMS and applying advanced location and time optimisation algorithms. The 
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inputs include real-time lane usage, scheduling data, and geolocation tracking, which enable the solver to provide 
a comprehensive overview of current lane availability. This output aids in optimising traffic flow within the 
warehouse, ensuring efficient allocation of lanes for incoming and outgoing freight, and ultimately enhancing 
overall operational efficiency. 

{  

    "Lane availability": [  

        {  

            "Lane": "Lane 1",  

            "Availability": [  

                {  

                    "Date": "May 28",  

                    "Time Window": "9:00 - 10:00; 13:00 - 14:00; 17:00 - 18:00"  

                },  

                {  

                    "Date": "May 29",  

                    "Time Window": "9:30 - 10:00; 13:10 - 14:00; 17:10 - 18:00"  

                }  

            ]  

        },  

        {  

            "Lane": "Lane 2",  

            "Availability": [  

                {  

                    "Date": "May 28",  

                    "Time Window": "10:00 - 11:00; 14:00 - 15:00; 18:00 - 19:00"  

                },  

                {  

                    "Date": "May 29",  

                    "Time Window": "10:30 - 11:00; 14:10 - 15:00; 18:10 - 19:00"  

                }  

            ]  

        }  

        // Add more lanes as needed in a similar format  

    ]  

}  
Figure 6-19: JSON file of GR_08 

 

Solver GR_09 - Available flights recommender for delivery time minimisation 

This solver is focused on the recommendation of the next available aircraft for the minimisation of the transport 
time for a cargo departing from GOLDAIR Handling S.A to any world destination. Swiftly identifying optimal flight 
options ensures expedited delivery and efficient logistics management, enhancing the overall performance of 
cargo transportation operations. 
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Figure 6-20: Representation of the flow of information of GR_09 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The Table below summarises the time-plan which will be followed for the completion of GR_09. 

Table 6-10: The time-plan for solver GR_09 

Development Stage Status Date 

Creation of synthetic data Completed Nov 23 

Algorithm development  Completed Dec 23 

WMS integration into the platform On-going Oct 24 

Demo preparation Not started Nov 24 

API deployment Not started Nov 24 

 

Solver Demonstration 

The following JSON file illustrates the messages displayed for the flight selection criteria based on the earliest 
time of arrival. When the user enters their desired destination and the criterion for flight options, the system 
processes this information. Subsequently, it presents detailed flight information, including the Flight Number, 
departure time, arrival time, cost per kilogram, CO2 emissions, and the number of transits involved in each flight 
option. This comprehensive output assists users in making informed decisions regarding their flight selections, 
considering both time and environmental factors. 
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{  

  "user_input": {  

    "desired_destination": "Paris",  

    "selected_criterion": "Earliest time of arrival"  

  },  

  "Output: Best flight details": {  

    "Flight company": "ABC",  

    "Flight Nr": "XYZ123",  

    "Departure time": "yyyy - mm- dd hh:mm:ss",  

    "Arrival time": "yyyy - mm- dd hh:mm:ss",  

    "Cost per Kgr": 123,  

    "Cost per cbm": 123,  

    "CO2 emissions (Kgr)": 123,  

    "Number of transits": 123  

  }  

}  
Figure 6-21: JSON file of GR_09. 

 

Solver GR_10-Available flights recommender for transport cost minimisation 

The objective of this solver is focused on the recommendation of the next available aircraft for the minimisation 
of the transport cost of freight from GOLDAIR Handling S.A to any world destination. 

 

Figure 6-22: Representation of the flow of information of GR_10 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The following Table summarises the time-plan which will be followed for the completion of GR_10. 
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Table 6-11: The Time-plan for solver GR_10 

Development Stage Status Date 

Creation of synthetic data Completed Nov 23 

Algorithm development  Completed Dec 23 

WMS integration into the platform On-going Oct 24 

Demo preparation Not started Nov 24 

API deployment Not started Nov 24 

 

Solver Demonstration 

The following JSON file illustrates the messages displayed for the flight selection criteria based on the transport 
cost.  

{  

  "user_input": {  

    "desired_destination": "Paris",  

    "selected_criterion": "Minimum cost"  

  },  

  "Output: Best flight details": {  

    "Flight company": "ABC",  

    "Flight Nr": "XYZ123",  

    "Departure time": "yyyy - mm- dd hh:mm:ss",  

    "Arrival time": "yyyy - mm- dd hh:mm:ss",  

    "Cost per Kgr": 123,  

    "Cost per cbm": 123,  

    "CO2 emissions (Kgr)": 123,  

    "Number of transits": 123  

  }  

}  
Figure 6-23: JSON file of GR_10 

 

Solver GR_11 - Available flights recommender for CO2 footprint minimisation 

The main objective of this solver is to provide recommendation of the next aircraft to the user for the 
minimisation of the CO2 footprint  for the transportation of a freight from GOLDAIR Handling S.A to any world 
destination. 
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Figure 6-24: Representation of the flow of information of GR_11 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The Table below summarises the time-plan which is going to be followed for the completion of GR_11. 

Table 6-12: The time-plan for solver GR_11 

Development Stage Status Date 

Creation of synthetic data Completed Nov 23 

Algorithm development  Completed Dec 23 

WMS integration into the platform On-going Oct 24 

Demo preparation Not started Nov 24 

API deployment Not started Nov 24 

 

Solver Demonstration 

The JSON in Figure 6-25 ŘŜǎŎǊƛōŜǎ ǘƘŜ ƛƴǇǳǘǎ ŀƴŘ ƻǳǘǇǳǘǎ ƻŦ ǘƘŜ !ǾŀƛƭŀōƭŜ ŦƭƛƎƘǘǎΩ ǊŜŎƻƳƳŜƴŘŜǊ ŦƻǊ /hн ŦƻƻǘǇǊƛƴǘ 

minimisation. Users enter the desired destination and their chosen criterion, specifically, the minimum CO2 

emissions. The output of this solver summarises the best flight details such as the flight company, the flight 

number, the departure and arrival time, the cost per kg, the CO2 emissions, and the number of transits. 
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{  

  "user_input": {  

    "desired_destination": "Paris",  

    "selected_criterion": " Minimum CO2 emissions "  

  },  

  "Output: Best flight details": {  

    "Flight company": "ABC",  

    "Flight Nr": "XYZ123",  

    "Departure time": "yyyy - mm- dd hh:mm:ss",  

    "Arrival time": "yyyy - mm- dd hh:mm:ss",  

    "Cost per Kgr": 123,  

    "Cost per cbm": 123,  

    "CO2 emissions (Kgr)": 123,  

    "Number of transits": 123  

  }  

}  
Figure 6-25: JSON file of GR_11 

 

Solver GR_12 - Overall best flight recommender  

In solver GR_12, the primary focus lies in selecting the optimal flight based on a comprehensive evaluation of 
factors such as time of arrival, cost considerations, and environmental impact in terms of CO2 emissions. This 
process ensures the overall best flight selection, emphasising efficiency, cost-effectiveness, and environmental 
sustainability in air transportation operations. 

 

 

Figure 6-26: Representation of the flow of information of GR_12 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The Table below summarises the time-plan which is going to be followed for the completion of GR_12. 
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Table 6-13: The time-plan for solver GR_12. 

Development Stage Status Date 

Creation of synthetic data Completed Nov 23 

Algorithm development  Completed Dec 23 

WMS integration into the platform On-going Oct 24 

Demo preparation Not started Nov 24 

API deployment Not started Nov 24 

 

Solver Demonstration 

This JSON file describes the inputs and outputs of the overall best flight recommender. Users enter the desired 
destination and the selected criterion, specifically, the best flight. The output of this solver summarises the best 
flight details such as the flight company, the flight number, the departure and arrival time, the cost per kg, the 
CO2 emissions, and the number of transits. 

{  

  "user_input": {  

    "desired_destination": "Paris",  

    "selected_criterion": "Overall best"  

  },  

  "Output: Best flight details": {  

    "Flight company": "ABC",  

    "Flight Nr": "XYZ123",  

    "Departure time": "yyyy - mm- dd hh:mm:ss",  

    "Arrival time": "yyyy - mm- dd hh:mm:ss",  

    "Cost per Kgr": 123,  

    "Cost per cbm": 123,  

    "CO2 emissions (Kgr)": 123,  

    "Number of transits": 123  

  }  

}  
Figure 6-27: JSON file of GR_12 

 

Solver GR_13-E2E route recommender for delivery time minimisation 

GR_13 prioritises the recommendation of the optimal E2E route for freight, originating from the Port of Piraeus 
and destined for any location worldwide, with a focus on minimising transport time. Leveraging historical data 
on congestion status for commonly used routes, the algorithm dynamically adjusts recommendations. 
Furthermore, it integrates flight availability options from the WMS, ensuring comprehensive and timely decision-
making for efficient freight logistics. 
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Figure 6-28: Representation of the flow of information of GR_13 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The Table below summarises the time-plan for the completion of GR_13. 

Table 6-14: Time-plan for solver GR_13 

Development Stage Status Date 

OBUs, Parking sensor installation Completed Nov 23 

Local integration of OBUs  Completed Dec 23 

Creation of synthetic data Completed Dec 23 

Algorithm development  Completed Dec 23 

Integration of Port legacy systems into the local platform Completed Feb 24 

Integration and testing of GR_01, GR_09 Completed Jun 24 
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Demo preparation using synthetic data On-going Sep 24 

WMS integration into the platform On-going Oct 24 

Third-party applications integration Not started Nov 24 

Demo preparation using real data Not started Nov 24 

API deployment Not started Nov 24 

 

Solver Demonstration 

The following JSON file includes information for the inputs and outputs of the E2E route recommender for 
delivery time minimisation. As an input the users enter the desired destination of the freight together with the 
selected criterion, specifically the minimum time. The output presents the details of the best E2E route such as 
the flight details and truck route details. 

 

{  

  "user_input": {  

    "desired_destination": "Paris",  

    "selected_criterion": "Minimum time"  

  },  

  "Output: Best E2E route": {  

    "Flight company": "ABC",  

    "Flight Nr": "XYZ123",  

    "Departure time": "yyyy - mm- dd hh:mm:ss",  

    "Arrival time": "yyyy - mm- dd hh:mm:ss",  

    "Cost per Kgr": 123,  

    "Cost per cbm": 123,  

    "CO2 emissions (Kgr)": 123,  

    "Number of transits": 123,  

    " Truck Route details": ["Name of road 1", "Name of road 2"],  

    "ETA": "yyyy - mm- dd hh:mm:ss",     "Cost (euros)": 123,     "CO2 emissions (Kgr)": 

123     

  }  

}  
Figure 6-29: JSON file of GR_13 

 

Solver GR_14 - E2E route recommender for transport cost minimisation 

The focus of solver GR_14 is to recommend the optimal E2E route, aiming to minimise transport costs for freight 
departing from the Port of Piraeus to destinations worldwide. Drawing information from various sources, 
including historical data on congestion status along selected routes, tolls applicable during transit, and current 
fuel prices, the algorithm conducts a comprehensive analysis. Additionally, it factors in flight costs for the 
designated destination. By integrating these data points, the solver offers informed recommendations tailored 
to efficiently reduce transportation expenses while ensuring timely delivery of freight.  
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Figure 6-30: Representation of the flow of information of GR_14 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The Table below summarises the time-plan for the completion of GR_14. 

Table 6-15: Time-plan for solver GR_14 

Development Stage Status Date 

OBUs, Parking sensor installation Completed Nov 23 

Local integration of OBUs  Completed Dec 23 

Creation of synthetic data Completed Dec 23 

Algorithm development  Completed Dec 23 

Integration of Port legacy systems into the local platform Completed Feb 24 

Integration and testing of GR_01, GR_10 Completed Jun 24 
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Demo preparation using synthetic data On-going Sep 24 

WMS integration into the platform On-going Oct 24 

Third-party applications integration Not started Nov 24 

Demo preparation using real data Not started Nov 24 

API deployment Not started Nov 24 

 

Solver Demonstration 

The following JSON file includes information for the inputs and outputs of the E2E route recommender for 
delivery time minimisation. As an input the users enter the desired destination of the freight together with the 
selected criterion , specifically the minimum time. The output presents the details of the best E2E route such as 
the flight details and the truck route details. 

{  

  "user_input": {  

    "desired_destination": "Paris",  

    "selected_criterion": "Minimum cost "  

  },  

  "Output: Best E2E route": {  

    "Flight company": "ABC",  

    "Flight Nr": "XYZ123",  

    "Departure time": "yyyy - mm- dd hh:mm:ss",  

    "Arrival time": "yyyy - mm- dd hh:mm:ss",  

    "Cost per Kgr": 123,  

    "Cost per cbm": 123,  

    "CO2 emissions (Kgr)": 123,  

    "Number of transits": 123,  

    "Truck Route details": ["Name of road 1", "Name of road 2"],  

    "ETA": "yyyy - mm- dd hh:mm:ss",     "Cost (euros)": 123,     "CO2 emissions (Kgr)": 

123,      Ƨ4ÏÔÁÌ ÃÏÓÔ ÏÆ ÔÈÅ %ʧ% ÒÏÕÔÅ ƽÅÕÒÏÓƾƨƙʦʧʨƗ    }  

}  
Figure 6-31: JSON file of GR_14 

 

Solver GR_15 - E2E route recommender for CO2 emissions minimisation 

Solver GR_15 operates by integrating data from multiple sources to recommend the optimal E2E route for 
freight transportation from the Port of Piraeus to global destinations, with a central focus on minimising CO2 

emissions. Leveraging data from the WMS, it accesses information about available flights along with their 
associated CO2 emissions. Additionally, historical data on route-specific fuel consumption is considered, 
distinguishing between diesel and gasoline vehicles to apply the appropriate CO2 emission factors accurately. By 
combining flight data with route-specific information, the algorithm calculates the total CO2 emissions, enabling 
informed decision-making to reduce environmental impact while ensuring efficient freight delivery from the port 
of Piraeus to any world destination. 
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Figure 6-32: Representation of the flow of information of GR_15 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The Table below summarises the development stages for the completion of GR_15. 

Table 6-16: The time-plan for solver GR_15  

Development Stage Status Date 

OBUs, Parking sensor installation Completed Nov 23 

Local integration of OBUs  Completed Dec 23 

Creation of synthetic data Completed Dec 23 

Algorithm development  Completed Dec 23 

Integration of Port legacy systems into the local platform Completed Feb 24 

Integration and testing of GR_01, GR_11 Completed Jun 24 

Demo preparation using synthetic data On-going Sep 24 
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WMS integration into the platform On-going Oct 24 

Third-party applications integration Not started Nov 24 

Demo preparation using real data Not started Nov 24 

API deployment Not started Nov 24 

 

Solver Demonstration 

The following JSON file includes information for the inputs and outputs of the E2E route recommender for CO2 
minimisation. As an input, the users enter the desired destination of the freight together with the selected 
criterion, specifically the minimum time. The output presents the details of the best E2E route, such as the flight 
and truck route details. 

{  

  "user_input": {  

    "desired_destination": "Paris",  

    "selected_criterion": "Minimum CO2 emissions "   

  },  

  "Output: Best E2E route": {  

    "Flight company": "ABC",  

    "Flight Nr": "XYZ123",  

    "Departure time": "yyyy - mm- dd hh:mm:ss",  

    "Arrival time": "yyyy - mm- dd hh:mm:ss",  

    "Cost per Kgr": 123,  

    "Cost per cbm": 123,  

    "CO2 emissions (Kgr)": 123,  

    "Number of transits": 123,  

    "Truck Route details": ["Name of road 1", "Name of road 2"],  

    "ETA": "yyyy - mm- dd hh:mm:ss",  

    "Cost (euros)": 123,  

    "CO2 emissions (Kgr)": 123 ,  

    Ƨ4ÏÔÁÌ #/ʧ ÅÍÉÓÓÉÏÎÓ ƽ+ÇÒƾƨƙʦʧʨ  

  }  

}  
Figure 6-33:JSON file of GR_15 

 

Solver GR_16 - E2E overall optimum route recommender  

GR_16 is focused on the recommendation of the overall optimum E2E route considering the minimum time of 
delivery, minimal transportation cost, and CO2 emissions. By integrating various factors into its decision-making 
process, including historical data on route times, fuel prices, tolls, and CO2 emissions, the algorithm offers 
comprehensive solutions tailored to balance these critical considerations. Leveraging this multi-dimensional 
approach, GR_16 ensures that logistics operations achieve timely delivery and cost-effectiveness and contribute 
to environmental sustainability by minimising carbon footprints. 



D2.2 FOR-FREIGHT multimodal transport platform - First full drop 

΄ FOR-FREIGHT, 2024  Page | 84  

 

 

Figure 6-34: Representation of the flow of information of GR_16 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The Table below summarises the development stages for the completion of GR_16. 

Table 6-17: Time-plan for solver GR_16 

Development Stage Status Date 

OBUs, Parking sensor installation Completed Nov 23 

Local integration of OBUs  Completed Dec 23 

Creation of synthetic data Completed Dec 23 

Algorithm development  Completed Dec 23 

Integration of Port legacy systems into the 
local platform 

Completed Feb 24 
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Integration and testing of GR_01, GR_11 Completed Jun 24 

Demo preparation using synthetic data On-going Sep 24 

WMS integration into the platform On-going Oct 24 

Third-party applications integration Not started Nov 24 

Demo preparation using real data Not started Nov 24 

API deployment Not started Nov 24 

 

Solver Demonstration 

The following JSON file includes information on the inputs and outputs of the overall best E2E route 
recommender. As an input, users enter the desired destination of the freight together with the selected criterion, 
specifically the minimum time. The output presents the details of the best E2E route such as flight details and 
truck route details. 

{  

  "user_input": {  

    "desired_destination": "Paris",  

    "selected_criterion": " Best overall E2E route "  

  },  

  "Output: Best E2E route": {  

    "Flight company": "ABC",  

    "Flight Nr": "XYZ123",  

    "Departure time": "yyyy - mm- dd hh:mm:ss",  

    "Arrival time": "yyyy - mm- dd hh:mm:ss",  

    "Cost per Kgr": 123,  

    "Cost per cbm": 123,  

    "CO2 emissions (Kgr)": 123,  

    "Number of transits": 123,  

    "Truck Route details": ["Name of road 1", "Name of road 2"],  

    "ETA": "yyyy - mm- dd hh:mm:ss",  

    "Cost (euros)": 123,  

    "CO2 emissions (Kgr)": 123,  

    Ƨ4ÏÔÁÌ #/ʧ ÅÍÉÓÓÉÏÎÓ ƽ+ÇÒƾƨƙʦʧʨ,  

    Ƨ4ÏÔÁÌ #ÏÓÔ (euros) ƨƙʦʧʨ  

  }  

}  
Figure 6-35: JSON file of GR_16 

 

Solver GR_17 - Remaining route recommender for transport time minimisation 

GR_17 specialises in recommending the most efficient alternative route during the journey to address real-time 
incidents such as road blockages, congestion, extreme weather, or strikes. Leveraging data from GR_13 for the 
overall optimal E2E route and real-time coordinates from GR_21 tracking the freight's progress, this solver 
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integrates third-party applications to stay updated on current events affecting the route. When unforeseen 
circumstances arise, such as road damages or severe traffic delays, GR_17 swiftly analyses available data and 
coordinates to propose the best alternative for the truck to reach GOLDAIR Handling from its current location 
while minimising travel time. 

 

 

Figure 6-36: Representation of the flow of information of GR_17 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The Table below summarises the development stages for the completion of GR_17. 

Table 6-18: Time-plan for solver GR_17 

Development Stage Status Date 

OBUs, Parking sensor installation Completed Nov 23 

Local integration of OBUs  Completed Dec 23 

Creation of synthetic data Completed Dec 23 

Algorithm development  Completed Dec 23 

Integration of Port legacy systems into the 
local platform 

Completed Feb 24 

Integration and testing of GR_13, GR_21 Completed Jun 24 
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Demo preparation using synthetic data On-going Sep 24 

WMS integration into the platform On-going Oct 24 

Third-party applications integration Not started Nov 24 

Demo preparation using real data Not started Nov 24 

API deployment Not started Nov 24 

 

Solver Demonstration 

The following JSON file includes information on the inputs and outputs of the remaining route recommender for 
transport time minimisation. As an input, users enter the desired destination of the freight together with the 
selected criterion, specifically the minimum time. In addition, the geolocation position is retrieved from the 
OBUs. The output presents the details of the remaining route such as flight details and truck route details (ETA, 
CO2 emissions, cost). 

{  

  "user_input": {  

    Ƨ'ÅÏÌÏÃÁÔÉÏÎ ÐÏÓÉÔÉÏÎ ÒÅÔÒÉÅÖÅÄ ÆÒÏÍ /"5ƨƙƨ#ÏÏÒÄÉÎÁÔÅÓƨƗ 

    "desired_destination": "Paris",  

    "selected_criterion": "Minimum time"  

  },  

  "Output: Best remaining E2E route": {  

    "Flight company": "ABC",  

    "Flight Nr": "XYZ123",  

    "Departure time": "yyyy - mm- dd hh:mm:ss",  

    "Arrival time": "yyyy - mm- dd hh:mm:ss",  

    "Cost per Kgr": 123,  

    "Cost per cbm": 123,  

    "CO2 emissions (Kgr)": 123,  

    "Number of transits": 123,  

    "Truck Route details": ["Name of road 1", "Name of road 2"],  

    "ETA": "yyyy - mm- dd hh:mm:ss",  

    "Cost (euros)": 123,  

    "CO2 emissions (Kgr)": 123  

  }  

}  
Figure 6-37: The JSON files of GR_17 

 

Solver GR_18 - Remaining route recommender for transport cost minimisation 

GR_18 specialises in recommending the most cost-efficient alternative route during the journey to address real-
time incidents such as road blockages, congestion, extreme weather, or strikes. Drawing data from GR_14 for 
the overall optimal E2E route regarding cost and real-time coordinates from GR_21 tracking the freight's 
progress, this solver seamlessly integrates third-party applications to monitor real-time events affecting the 
route. In the event of unforeseen circumstances like road damages or severe traffic delays, GR_18 swiftly 
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analyses available data and coordinates to propose the best alternative for the truck to reach GOLDAIR Handling 
from its current location while minimising travel costs. 

 

Figure 6-38: Representation of the flow of information of GR_18 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The Table below summarises the development stages for the completion of GR_18. 

Table 6-19: Time-plan for solver GR_18 

Development Stage Status Date 

OBUs, Parking sensor installation Completed Nov 23 

Local integration of OBUs  Completed Dec 23 

Creation of synthetic data Completed Dec 23 

Algorithm development  Completed Dec 23 

Integration of Port legacy systems into the local platform Completed Feb 24 

Integration and testing of GR_14, GR_21 Completed Jun 24 

Demo preparation using synthetic data On-going Sep 24 

WMS integration into the platform On-going Oct 24 

Third-party applications integration Not started Nov 24 
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Demo preparation using real data Not started Nov 24 

API deployment Not started Nov 24 

 

Solver Demonstration 

The following JSON file includes information on the inputs and outputs of the remaining route recommender 
transport cost minimisation.  As an input, Users enter the desired destination of the freight together with the 
selected criterion, specifically the minimum cost. In addition, the geolocation position is retrieved from the OBUs. 
The output presents the details of the remaining route such as flight details and truck route details (ETA, CO2 

emissions, cost). 

{  

  "user_input": {  

    Ƨ'ÅÏÌÏÃÁÔÉÏÎ ÐÏÓÉÔÉÏÎ ÒÅÔÒÉÅÖÅÄ ÆÒÏÍ /"5ƨƙƨ#ÏÏÒÄÉÎÁÔÅÓƨƗ 

    "desired_destination": "Paris",  

    "selected_criterion": "Minimum cost"  

  },  

  "Output: Best remaining E2E route": {  

    "Flight company": "ABC",  

    "Flight Nr": "XYZ123",  

    "Departure time": "yyyy - mm- dd hh:mm:ss",  

    "Arrival time": "yyyy - mm- dd hh:mm:ss",  

    "Cost per Kgr": 123,  

    "Cost per cbm": 123,  

    "CO2 emissions (Kgr)": 123,  

    "Number of transits": 123,  

    "Truck Route details": ["Name of road 1", "Name of road 2"],  

    "ETA": "yyyy - mm- dd hh:mm:ss",  

    "Cost (euros)": 123,  

    "CO2 emissions (Kgr)": 123  

  }  

}  
Figure 6-39: The JSON file of GR_18 

 

Solver GR_19 - Remaining route recommender for CO2 emissions minimisation 

GR_19 specialises in recommending the most environmentally friendly route during the journey to address real-
time incidents such as road blockages, congestion, extreme weather, or strikes. Leveraging data from GR_15 for 
the overall optimal E2E route regarding CO2 emissions and real-time coordinates from GR_21 tracking the 
freight's progress, this solver seamlessly integrates third-party applications to monitor real-time events affecting 
the route. In the event of unforeseen circumstances like road damages or severe traffic delays, GR_19 swiftly 
analyses available data and coordinates to propose the best alternative for the truck to reach GOLDAIR Handling 
from its current location while minimising CO2 emissions. This adaptive planning ensures that environmentally 
conscious decisions are made without compromising on efficiency during freight transportation operations. 
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Figure 6-40: Representation of the flow of information of GR_19 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The Table below summarises the development stages for the completion of GR_19. 

Table 6-20: Time-plan for solver GR_19  

Development Stage Status Date 

OBUs, Parking sensor installation Completed Nov 23 

Local integration of OBUs  Completed Dec 23 

Creation of synthetic data Completed Dec 23 

Algorithm development  Completed Dec 23 

Integration of Port legacy systems into the local platform Completed Feb 24 

Integration and testing of GR_15, GR_21 Completed Jun 24 

Demo preparation using synthetic data On-going Sep 24 

WMS integration into the platform On-going Oct 24 

Third-party applications integration Not started Nov 24 
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Demo preparation using real data Not started Nov 24 

API deployment Not started Nov 24 

 

Solver Demonstration 

The following JSON file includes information on the inputs and outputs of the remaining route recommender for 
CO2 minimisation.  As an input, users enter the desired destination of the freight together with the selected 
criterion, specifically the minimum CO2 emissions. In addition, the geolocation position is retrieved from the 
OBUs. The output presents the details of the remaining route such as flight details and truck route details (ETA, 
CO2 emissions, cost). 

{  

  "user_input": {  

    Ƨ'ÅÏÌÏÃÁÔÉÏÎ ÐÏÓÉÔÉÏÎ ÒÅÔÒÉÅÖÅÄ ÆÒÏÍ /"5ƨƙƨ#ÏÏÒÄÉÎÁÔÅÓƨƗ 

    "desired_destination": "Paris",  

    "selected_criterion": "Minimum CO2 emissions "  

  },  

  "Output: Best remaining E2E route": {  

    "Flight company": "ABC",  

    "Flight Nr": "XYZ123",  

    "Departure time": "yyyy - mm- dd hh:mm:ss",  

    "Arrival time": "yyyy - mm- dd hh:mm:ss",  

    "Cost per Kgr": 123,  

    "Cost per cbm": 123,  

    "CO2 emissions (Kgr)": 123,  

    "Number of transits": 123,  

    "Truck Route details": ["Name of road 1", "Name of road 2"],  

    "ETA": "yyyy - mm- dd hh:mm:ss",  

    "Cost (euros)": 123,  

    "CO2 emissions (Kgr)": 123  

  }  

}  
Figure 6-41: The JSON file of GR_19 

 

Solver GR_20 - Remaining overall best route recommender 

GR_20 is dedicated to recommending the overall best route dynamically during the journey to address real-time 
incidents such as road blockages, congestion, extreme weather, or strikes. Utilising data from GR_16 for the 
overall best E2E route considering CO2 emissions, shortest transport time, and cost, along with real-time 
coordinates from GR_21 tracking the freight's progress, this solver seamlessly integrates third-party applications 
to monitor real-time events impacting the route. When unexpected circumstances like road damages or severe 
traffic delays arise, GR_20 swiftly analyses available data and coordinates to propose the best alternative for the 
truck to reach GOLDAIR Handling from its current location while ensuring the chosen route satisfies the criterion 
for the overall best route. This adaptive approach guarantees that informed decisions are made in real time to 
optimise efficiency and meet operational objectives during freight transportation operations. 
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Figure 6-42:  Representation of the flow of information of GR_20 with the necessary functional requirements as well 
as the related output 

 

Development Time-plan and Deviations 

The Table below summarises the development stages for the completion of GR_20. 

Table 6-21: Time-plan for solver GR_20 

Development Stage Status Date 

OBUs, Parking sensor installation Completed Nov 23 

Local integration of OBUs  Completed Dec 23 

Creation of synthetic data Completed Dec 23 

Algorithm development  Completed Dec 23 

Integration of Port legacy systems into the local platform Completed Feb 24 

Integration and testing of GR_16, GR_21 Completed Jun 24 

Demo preparation using synthetic data On-going Sep 24 

WMS integration into the platform On-going Oct 24 
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Third-party applications integration Not started Nov 24 

Demo preparation using real data Not started Nov 24 

API deployment Not started Nov 24 

 

Solver Demonstration 

The following JSON file includes the inputs and outputs for the remaining overall best route recommender. As 

an input, users enter the desired destination of the freight together with the selected criterion, specifically the 

overall best route. In addition, the geolocation position is retrieved from the OBUs. The output presents the 

details of the remaining route such as flight details and truck route details (ETA, CO2 emissions, cost). 

{  

  "user_input": {  

    Ƨ'ÅÏÌÏÃÁÔÉÏÎ ÐÏÓÉÔÉÏÎ ÒÅÔÒÉÅÖÅÄ ÆÒÏÍ /"5ƨƙƨ#ÏÏÒÄÉÎÁÔÅÓƨƗ 

    "desired_destination": "Paris",  

    "selected_criterio _1": "Minimum time" ,  

    "selected_criterio_2": "Minimum cost",  

    "selected_criterio_1": "Minimum CO2 emissions",  

  },  

  "Output: Best remaining E2E route": {  

    "Flight company": "ABC",  

    "Flight Nr": "XYZ123",  

    "Departure time": "yyyy - mm- dd hh:mm:ss",  

    "Arrival time": "yyyy - mm- dd hh:mm:ss",  

    "Cost per Kgr": 123,  

    "Cost per cbm": 123,  

    "CO2 emissions (Kgr)": 123,  

    "Number of transits": 123,  

    "Truck Route details": ["Name of road 1", "Name of road 2"],  

    "ETA": "yyyy - mm- dd hh:mm:ss",  

    "Cost (euros)": 123,  

    "CO2 emissions (Kgr)": 123  

  }  

}  
Figure 6-43: The JSON file of GR_20 

 

Solver GR_21 - Remaining route recommender for transport time minimisation 

The solver aims to provide real-time information on the coordinates of freights travelling on the route from port 
of Piraeus to GOLDAIR Handling S.A. This data is sourced directly from the OBUs installed on the truck. By 
leveraging these OBUs, the solver ensures accurate and real-time tracking of the freight's location throughout 
its journey, enabling efficient monitoring and management of transportation logistics. 
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Figure 6-44: Representation of the flow of information of GR_21 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The Table below shows the development plan followed for the completion of solver GR_21. 

Table 6-22: Time-plan for solver GR_21 

Development Stage Status Date 

OBUs installation Completed Nov 23 

Local integration  Completed  Dec 23 

Demo preparation using the GR_UC local platform Completed  Dec 23 

 

Solver Demonstration 

Figure 6-45 presents the illustration of the route covered by the OBU-equipped trucks. In all cases, the route 
endpoints remain the same. The starting point is the port of Piraeus, and the end point is the GOLDAIR handling 
warehouse. The UC displays two scenarios using route 1 and route 2 as highlighted in GR_01 solver. 

 

Figure 6-45: Illustration of the route covered by one of the OBU-equipped trucks 
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Solver GR_22 - Pallet/cage tracker solver 

The real-time tracking feature is dedicated to continuously updating the coordinates of pallets or cages as they 
move along the warehouse. This vital information is now expected to be sourced from tracking devices deployed 
explicitly for this purpose, transmitting data directly to the WMS. By harnessing these tracking devices, the 
system ensures seamless and precise monitoring of pallets or cages in transit, enabling enhanced visibility and 
control over inventory movements within the warehouse environment. 

 

Figure 6-46: Representation of the flow of information of GR_22 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The Table below summarises the steps for the completion of solver GR_22. 

Table 6-23: Time-plan for solver GR_22 

Development Stage Status Date 

Configuration Completed February 24 

Supply of the devices Completed March 24 

Installation of sim cards and activation Not started September 24 

WMS Integration Not started October 24 

Platform integration Not started October 24 

Trial site testing  Not started Nov 24 

Demo preparation Not started Nov 24 
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Solver Demonstration 

A warehouse map is designed with the updated coordinates of pallets or cages displayed as animated objects. 
This map visually represents the real-time movements and locations of these items within the warehouse, 
helping track their exact positions dynamically. 

 

Solver GR_23 - Packages/parcels tracking solvers 

The real-time tracking functionality is focused on providing continuous updates on the coordinates of packages 
and parcels as they navigate the warehouse. This crucial data is anticipated to be sourced from dedicated 
tracking devices strategically deployed for this task, transmitting information directly to the WMS. By integrating 
these tracking devices, the system guarantees smooth and accurate monitoring of package and parcel 
movements within the warehouse, facilitating improved visibility and operational control over inventory 
logistics. 

 

Figure 6-47: Representation of the flow of information of GR_23 with the necessary functional requirements as well as 
the related output 

 

Development Time-plan and Deviations 

The Table below summarises the time plan for the completion of GR_23. 
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Table 6-24: Time-plan for solver GR_23 

Development Stage Status Date 

Configuration Completed February 24 

Supply of the devices Completed March 24 

Installation of sim cards and activation Not started September 24 

WMS Integration Not started October 24 

Platform integration Not started October 24 

Trial site testing  Not started Nov 24 

Demo preparation Not started Nov 24 

 

Solver Demonstration 

A warehouse map is designed where the updated coordinates of packages/parcels will be displayed as animated 
objects. This map will visually represent the real-time movements and locations of these items within the 
warehouse, helping track their exact positions dynamically. 
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7 Romanian Use Case 
7.1 Scope and Objectives 

At the core of the Romanian Use Case (RO_UC) lie many challenges spanning the entire spectrum of water-to-
railway transportation, pinpointing deficiencies in digitalisation, coordination, and strategies for handling 
unforeseen circumstances. These challenges manifest in disjointed logistics networks characterised by 
inadequate digital integration, absence of standardised communication protocols, and reactive rather than 
proactive strategies in navigating unexpected events. 

The lack of digitalisation in the water-to-railway transportation sector exacerbates inefficiencies, hindering 
seamless information flow and real-time decision-making. Moreover, the absence of coordinated efforts among 
stakeholders leads to fragmented operations, resulting in suboptimal resource allocation and transport planning. 
Additionally, the reliance on outdated strategies for addressing unforeseen situations further compounds 
operational complexities, leading to delays, bottlenecks, and increased costs across the supply chain. 

In response to these pressing challenges, RO_UC aims for a comprehensive suite of solutions designed to bolster 
the efficiency, coordination, and resilience of water-to-railway transportation. By leveraging innovative 
technologies and fostering collaboration among stakeholders, RO_UC aims to enhance digitalisation efforts, 
streamline communication protocols, and implement proactive strategies for handling unforeseen events. 

 

7.1.1 Key Performance Indicators (KPIs) 

Within RO_UC, this chapter succinctly outlines the alignment between the solvers and project KPIs. Table 7-1 
illustrates this correlation, showcasing how each solver contributes to achieving our performance objectives. 

Table 7-1: Romanian UC KPI to solvers correlation 

KPI Related solvers 

Increased E2E capacity by 20% RO_10, RO_01, RO_02, RO_03, RO_04, RO_05 

Decrease loading/unloading time by 
20% 

RO_04, RO_05 

Reduction of routing errors by 20% RO_10, RO_01, RO_02, RO_03, RO_04, RO_05 

Reduction of accidents by 30% RO_10, RO_01, RO_02, RO_03, RO_04, RO_05 

Reduction of container idle time by 
20% 

RO_01, RO_02, RO_04, RO_05 

Reduction of GHG emissions by 15% RO_08, RO_09 

80% Document digitalisation RO_10 

 

7.2 Partner Roles 

BEIA is tasked with managing the communication infrastructure at the Galati trial site. This includes installing 
and commissioning equipment, as well as integrating data from legacy systems, such as Danube water levels and 
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navigational blockages, to enhance the ETA predictions for river vessels. The goal is to offer comprehensive 
monitoring and control over the multimodal transport process. 

INLAND SHIPPING has embarked on a data collection journey along the Danube, creating a database of loading 
and unloading points, categorised by efficiency. This information allows captains to be well-informed about each 
location's capabilities, leading to improved operational efficiency, reduced loading times, labour costs, and fuel 
consumption. 

TELECOMUNICATII /(L[9 C9w!¢9 wha$b9 (TCCFR) will lend its operational railway expertise to conduct tests 
on rail segments. It will facilitate communication between transport and logistics requirements and the railway 
infrastructure, enabling the scheduling of train sets and the adaptation of the national railway transport system 
to optimise routes and timetables. 

 

7.3 Implementation Activities 

7.3.1 Hardware Deployment and Software Development 

Deploying solutions for various use cases involves a meticulous approach to hardware deployment and software 
development. Each element must be prioritised according to the specific requirements of the use case it 
addresses. This subsection outlines the systematic steps taken in the deploying hardware and integrating 
software components, ensuring a robust and functional setup. 

The deployment of hardware is a critical step in setting up our solution. This process involves the installation of 
two primary types of equipment: 

Adcon Weather Equipment: This hardware is crucial for capturing accurate and real-time weather data. Its 
deployment involves selecting optimal locations that can provide the most representative environmental data 
without interference. The installation process considers factors such as height, orientation, and proximity to 
other structures to minimise data distortion. 

Libelium Smart Environment Pro Station: Complementing the weather equipment, the Smart Environment Pro 
Station extends the range of environmental monitoring by including additional sensors for air quality and other 
atmospheric parameters. The deployment strategy for this equipment mirrors that of the Adcon units, ensuring 
comprehensive coverage and data accuracy. 

The integration of software brings the data collected by the hardware to life, allowing for real-time monitoring 
and analytics. The software setup involves several components: 

¶ Python: Python serves as the backbone of our software integration, providing the scripting and 
automation necessary to handle data collection, processing, and interaction with other software 
components; 

¶ Message Queuing Telemetry Transport (MQTT): MQTT is employed as the messaging protocol within our 
architecture. It facilitates the efficient and reliable transfer of telemetry data between the sensors and 
our servers; 

¶ InfluxDB: This is our chosen database for time-series data storage. InfluxDB offers high performance, 
easy scalability, and real-time analysis capabilities. It stores the environmental data streamed from both 
hardware units, enabling powerful querying and real-time alerting systems; 

The deployment workflow is as follows: 

¶ Site Survey and Planning: Before any physical installation, a detailed survey of the installation site is 
conducted. This ensures optimal placement of the hardware and identifies potential challenges that may 
arise during installation; 
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¶ Installation and Configuration of Hardware: Following the survey, the hardware units are installed as per 
the guidelines determined in the planning phase. Each unit is configured to start transmitting data 
immediately upon activation; 

¶ Software Setup and Testing: With the hardware in place, the next phase involves setting up the software 
on our servers. This process includes installing the necessary libraries and dependencies for Python, 
setting up MQTT brokers for data transmission, and configuring InfluxDB for data reception and storage; 

¶ Integration Testing: Once all components are installed and running, integration testing is conducted. This 
involves ensuring that data flows seamlessly from the hardware to the software and that all components 
communicate effectively without data loss; 

¶ Operational Deployment: After thorough testing, the system is declared operational. Continuous 
monitoring and periodic updates ensure the system remains efficient and effective in meeting the needs 
of different use cases. 

 

7.3.2 Integration with the Platform  

The integration of the solutions developed for the Romanian UC for the first drop of solutions follow the solver 
archetype and therefore their integration follows the same steps as the remaining UCs with the use of a Helm 
chart which includes the deployment, service and ingress to expose the service outside of the cluster. 

Although the integration follows the same steps as the remaining UCs, the Romanian UC solvers are the first to 
require asynchronous messaging within the first drop. For this reason, there were additional steps taken, namely 
in the deployment, as the services require communication with the asynchronous broker, which in the case of 
these solvers is RabbitMQ; ǘƘƛǎ ƛƴǘŜƎǊŀǘƛƻƴ ƛǎ ŘǳŜ ǘƻ ǘƘŜ ǎƻƭǾŜǊǎΩ ǊŜǉǳƛǊŜƳŜƴǘ ŦƻǊ Ŏƻƴǘƛƴǳƻǳǎ ǎƻƭǾŜǊ-to-solver 
data exchange. 

As observed in the remaining UCs, the integration of the Romanian UCΩǎ ǎƻƭǳǘƛƻƴǎ ƴƻǘ ƻƴƭȅ ŀƛŘs future 
integrations but also demonstrates the ǇƭŀǘŦƻǊƳΩǎ feasibility as planned in previous stages by testing the 
platforms functionalities, in this case, the asynchronous messaging components. 

 

7.4 Solutions Development Status 

It must be highlighted that there were some slight deviations from the original planning reported in D2.1. 
These changes were partly due to the re-evaluation of the scope for functionalities as discussions with end 
users (port operators, freight operators) continued. The evolving needs and feedback from these 
stakeholders necessitated adjustments to the development timeline to ensure the solutions met their 
practical requirements effectively. Additionally, changes in Romanian legislation opened the door for 
potential collaborations, contributing to the adjustments in the development timeline. While these factors 
led to some modifications in the schedule, they have not caused any critical issues. Instead, they have 
provided opportunities for enhanced collaboration and more comprehensive solutions tailored to the 
specific needs of the Romanian use case. 

Solver RO_01 ɀ Predict the arrival time of the container ship  

Solver RO_01 is designed to predict the ETA of container ships at the Port of Galati. The prediction process 
begins with classical calculations based on the length of the trip and the average speed of the ship. These 
initial predictions are then refined using machine learning techniques to account for potential delays 
caused by various factors such as weather conditions and river traffic. The development of Solver RO_01 
involves several steps. First, data collection is conducted to gather historical data on ship arrivals, weather 
conditions, river traffic, and port operations. Classical calculation methods are applied to provide a 
baseline ETA, which is then adjusted using machine learning algorithms trained on the collected data to 
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predict delays. An API is developed to integrate the solver with the central FOR-FREIGHT platform and other 
legacy systems. Rigorous testing and validation are conducted to ensure the accuracy and reliability of the 
predictions. Challenges faced during development include ensuring the accuracy and completeness of 
historical data and effectively integrating classical calculation methods with machine learning 
adjustments.  

 

Figure 7-1: Solver RO_01 architecture 

 

Development Time-plan and Deviations 

Table 7-2: Time-plan for solver RO_01 

Development Stage Status Date 

Integration with weather equipment Done January 24 

Integration with necessary solvers Done March 24 

Model selection for extraordinary 
events 

In progress Jun 24 

Model refining  Not started yet Aug 24 

API integration  In progress May 24 

 

Solver Demonstration 

To illustrate Solver whψлмΩǎ functionality and performance, consider a scenario where a container ship is in route 
to the Port of Galati from the Ukrainian port of Ismail. This demonstration showcases how the module predicts 
the ship's arrival time and adapts to extraordinary events, ensuring efficient port operations. 

In this scenario, a container ship departs from the Port of Ismail at 06:00 AM, heading towards the Port of Galati. 
The journey usually takes a couple of days, covering 150 nautical miles, and is influenced by factors such as 
weather conditions, river traffic, and port operations. 
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The module first retrieves detailed information about the ship's route from the database. This includes the 
scheduled checkpoints, distances between them, and typical travel times for each segment. Historical data for 
similar journeys is analysed to provide a baseline for the expected travel times. This data is stored in an SQLite 
database and accessed by the module through FastAPI. Additionally, information about potential extraordinary 
events, such as adverse weather conditions or river traffic congestion, is fetched using the TorchServe 
component. This prediction is continuously updated as new data becomes available. 

The Python-based Optimistic ETA prediction component uses the collected route details and historical travel 
times to calculate an initial estimated time of arrival (ETA). For our scenario, the initial optimistic ETA is calculated 
as follows: 

¶ Segment 1: Port of Ismail to Checkpoint A (50 nautical miles) ς 12 hours. 

¶ Segment 2: Checkpoint A to Checkpoint B (50 nautical miles) ς 12 hours. 

¶ Segment 3: Checkpoint B to Port of Galati (50 nautical miles) ς 12 hours. 

Based on this data, the initial optimistic ETA is calculated to be 06:00 AM on the third day, assuming no 
extraordinary delays. 

The FastAPI component ensures seamless integration with existing port management systems and the FOR-
FREIGHT platform. The predicted ETA is communicated to the workflow engine, which adjusts scheduling and 
resource allocation accordingly. 

During the journey, the module continuously monitors for extraordinary events that might affect the ship's 
progress. For instance, at 09:00 AM on the first day, an update from TorchServe indicates that wind speed has 
exceeded a certain limit, prompting the Port of Galati to close for three days. The module recalculates the ETA 
considering this significant delay. Later, at 12:30 PM on the second day, increased river traffic is reported near 
Checkpoint B, causing an additional delay of 30 minutes. The module dynamically updates the ETA, factoring in 
these delays, resulting in a revised ETA of 06:00 AM on the sixth day. 

Ultimately, the container ship arrives at the Port of Galati at 05:50 AM on the sixth day, slightly earlier than the 
last predicted ETA. The Solver RO_01 module successfully provided accurate and timely updates, allowing the 
port management team to manage resources effectively and ensure smooth operations. 

To facilitate communication between different components of the Solver RO_01, specific message types are 
defined. These messages are used to request predictions and receive responses, ensuring that all relevant data 
is accurately exchanged. 

Message Type: ArrivalPredictionRequest 

This message type is used to request a prediction for the arrival time of a specified ship in Galati. 

JSON Structure 

{  

  "type": "ArrivalPredictionRequest",  

  "timestamp": "YYYY - MM- DDTHH:MM:SSZ", 

  "requestedBy": "UserID",  

  "ship_ID": "ShipID",  

  "destination": "Galati",  

  "notes": "Additional notes or comments (optional)"  

}  

Fields: 
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¶ type:  (string) The type of message. For this message, it will always be "ArrivalPredictionRequest"; 
¶ timestamp: (string) The International Organization for Standardization (ISO) 8601 timestamp 

indicating when the request was made; 
¶ requestedBy:  (string) The ID of the user making the request; 
¶ ship_ID : (string) The ID of the ship for which the arrival prediction is needed; 
¶ destination : (string) The destination for which the arrival prediction is requested. For this message, 

it will always be "Galati"; 
¶ notes : (string, optional) Additional notes or comments provided by the user. This field is not 

mandatory. 

Example 

{  

  "type": "ArrivalPredictionRequest",  

  "timestamp": "2024 - 05- 21T12:00:00Z",  

  "requestedBy": "User456",  

  "ship_ID": "Ship001",  

  "destination": "Galati",  

  "notes": "Please provide the estimated arrival time for the specified ship."  

}  

Message Type: ArrivalPredictionResponse 

This message type provides the predicted arrival time of a specified ship in Galati. 

JSON Structure 

{  

  "type": "ArrivalPredictionResponse",  

  "timestamp": "YYYY - MM- DDTHH:MM:SSZ", 

  "responseTo": "RequestID",  

  "ship_ID": "ShipID",  

  "predictedArrivalTime": "YYYY - MM- DDTHH:MM:SSZ", 

  "confidenceLevel": "ConfidenceLevel",  

  "notes": "Additional notes or comments (optional)"  

}  

Fields: 

¶ type : (string) The type of message. For this message, it will always be "ArrivalPredictionResponse"; 
¶ timestamp : (string) The ISO 8601 timestamp indicating when the response was made; 
¶ responseTo : (string) The ID of the request this response is addressing; 
¶ ship_ID : (string) The ID of the ship for which the arrival prediction is provided; 
¶ predictedArrivalTime : (string) The ISO 8601 timestamp indicating the predicted arrival time of the 

ship in Galati; 
¶ confidenceLevel : (string) The confidence level of the prediction. Possible values can be: 

o "High ". 
o "Medium". 
o "Low". 
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¶ notes : (string, optional) Additional notes or comments provided by the user. This field is not 
mandatory. 

Example 

{  

  "type": "ArrivalPredictionResponse",  

  "timestamp": "2024 - 05- 21T14:00:00Z",  

  "responseTo": "Request123",  

  "ship_ID": "Ship001",  

  "predictedArrivalTime": "2024 - 05- 22T09:00:00Z",  

  "confidenceLevel": "High",  

  "notes": "The ship is expected to arrive on time."  

}  

 

Solver RO_02 ɀ Predict the arrival time of the train departing from Port of Galati to the (final) 
destination  

Solver RO_02 aims to predict the arrival time of trains at their destination, helping optimise scheduling and 
resource allocation to improve overall efficiency in the logistics chain. The development process for Solver RO_02 
relies on classical calculation methods rather than machine learning techniques. Data on train schedules, route 
details, and historical travel times are collected and analysed to create a model that accurately predicts train 
arrival times. An API is developed to facilitate integration with existing systems and the FOR-FREIGHT platform. 
The final steps involve testing the model with real-world data and calibrating it to improve accuracy. Challenges 
in developing this solver include accounting for different routes and potential disruptions and ensuring seamless 
integration with various data sources and legacy systems. 

 

 

Figure 7-2: Solver RO_02 architecture 
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Development Time-plan and Deviations 

Table 7-3: Time-plan for solver RO_02 

Development Stage Status Date 

Integration with necessary solvers Done March 24 

Model selection for extraordinary 
events 

In progress Jun 24 

Model refining  Not started yet Aug 24 

API integration  In progress May 24 

 

Solver Demonstration 

To illustrate the functionality and performance of Solver RO_02, a practical scenario is considered where a train 
departs from the Port of Galati, heading to its final destination. This demonstration will showcase how the 
module predicts the train's arrival time and adapts to extraordinary events, ensuring efficient logistics 
management. 

In this scenario, a freight train departs from the Port of Galati at 08:00 AM, carrying goods destined for a major 
distribution centre located 300 kilometres away. The route includes several stops and potential delays due to 
varying factors such as weather conditions, maintenance activities, and unexpected events. 

The module first retrieves detailed information about the train's route from the database. This includes the 
scheduled stops, distances between them, and typical travel times for each segment. Historical data for similar 
journeys is analysed to provide a baseline for the expected travel times. This data is stored in an SQLite database 
and accessed by the module through FastAPI. Additionally, information about potential extraordinary events, 
such as maintenance work or adverse weather conditions, is fetched using the TorchServe component. This 
prediction is continuously updated as new data becomes available. 

The Python-based Optimistic ETA prediction component uses the collected route details and historical travel 
times to calculate an initial estimated time of arrival. For our scenario, the initial optimistic ETA is calculated as 
follows: 

¶ Segment 1: Port of Galati to Stop A (50 km) ς 1 hour; 

¶ Segment 2: Stop A to Stop B (100 km) ς 2 hours; 

¶ Segment 3: Stop B to Final Destination (150 km) ς 3 hours. 

Based on this data, the initial optimistic ETA is calculated to be 2:00 PM, assuming no extraordinary delays. 

The FastAPI component ensures seamless integration with existing logistics management systems and the FOR-
FREIGHT platform. The predicted ETA is communicated to the workflow engine, which adjusts scheduling and 
resource allocation accordingly. 

During the journey, the module continuously monitors for extraordinary events that might affect the train's 
progress. For instance, at 10:00 AM, an update from TorchServe indicates a severe weather warning affecting 
Segment 2, prompting the module to recalculate the ETA considering a 30-minute delay. Later, at 12:30 PM, a 
maintenance issue is reported near Stop B, causing an additional delay of 45 minutes. The module dynamically 
updates the ETA, factoring in these delays, resulting in a revised ETA of 3:15 PM. 
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Ultimately, the train arrives at its destination at 3:10 PM, slightly earlier than the last predicted ETA. The Solver 
RO_02 module successfully provided accurate and timely updates, allowing the logistics team to manage 
resources effectively and ensure smooth operations. 

 

Solver RO_03 ɀ Predict the total stay duration of the cargo at Port of Galati, from the moment of 
vessel arrival until its departure from this port 

Solver RO_03 is developed to predict the total stay duration of cargo at the Port of Galati, covering the time from 
vessel arrival to cargo departure, including unloading, customs clearance, and in-port storage. The development 
of Solver RO_03 involves several steps. First, data collection is conducted, gathering data on cargo handling 
times, customs processing durations, and storage times. This is followed by model development using classical 
calculation methods, with plans to incorporate machine learning algorithms as more data becomes available. An 
API is developed to seamlessly integrate the central platform and other systems. Rigorous testing and validation 
ŜƴǎǳǊŜ ǘƘŜ ƳƻŘŜƭΩǎ ŀŎŎǳǊŀŎȅΦ /ƘŀƭƭŜƴƎŜǎ ƛƴŎƭǳŘŜ ƘŀƴŘƭƛƴƎ ǾŀǊƛƻǳǎ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ǘƘŜƛǊ ƛƴǘŜǊŘŜǇŜƴŘŜƴŎƛŜǎ ǿƛǘƘƛƴ 
the port and obtaining reliable data for accurate predictions. 

 

Figure 7-3: Solver RO_03 architecture 

 

Development Time-plan and Deviations 

Table 7-4: Time-plan for solver RO_03 

Development Stage Status Date 

Integration with necessary solvers Done 
March 
24 

Integration of calculation logic based on port 
operations.  

In progress. General procedures 
outlined.  

Jun 24 

API integration  In progress. Initial logic established.  Jun 24 

 

Solver Demonstration 

To illustrate the functionality and performance of Solver RO_03, consider a scenario where cargo arrives at the 
Port of Galati, and the module predicts the total stay duration, covering unloading and customs clearance before 
the containers are loaded directly onto a train for their destination. This demonstration showcases how the 
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module predicts the cargo's stay duration and adapts to various processes within the port, ensuring efficient port 
operations. 

In this scenario, a cargo vessel arrives at the Port of Galati at 08:00 AM, carrying multiple containers. The 
processes involved include unloading the containers and customs clearance before loading them directly onto a 
train. These processes are influenced by factors such as port congestion and customs processing times. 

The module first retrieves detailed information about the cargo's handling times from the database. This includes 
the average durations for unloading and customs clearance. Historical data for similar cargo is analysed to 
provide a baseline for the expected stay durations. This data is stored in an SQLite database and accessed by the 
module through FastAPI. 

The Python-based Optimistic Prediction component uses the collected data to calculate an initial estimated total 
stay duration. For our scenario, the initial optimistic prediction is calculated as follows: 

¶ Unloading: Average duration ς 4 hours. 

¶ Customs Clearance: Average duration ς 6 hours. 

Based on this data, the initial optimistic total stay duration is calculated to be 10 hours, predicting the cargo will 
be ready for departure by 06:00 PM the same day. 

The FastAPI component seamlessly integrates with existing port management systems and the FOR-FREIGHT 
platform. The predicted total stay duration is communicated to the workflow engine, which adjusts scheduling 
and resource allocation accordingly. 

During the cargo's stay, the module continuously monitors for any changes in the processes that might affect the 
total stay duration. For instance, at 10:00 AM, an update indicates a delay in unloading due to equipment 
malfunction, adding 2 hours to the unloading process. Later, at 02:00 PM, the increased customs workload 
caused an additional delay of 3 hours. The module dynamically updates the total stay duration, factoring in these 
delays, resulting in a revised prediction of 15 hours. 

Ultimately, the cargo is ready for departure at 11:00 PM, slightly earlier than the last predicted total stay 
duration. The Solver RO_03 module successfully provided accurate and timely updates, allowing the port 
management team to manage resources effectively and ensure smooth operations. 

 

Solver RO_04 ɀ Predict the demand for  port resources that need to be reserved, based on the 
incoming flow of goods/containers 

Solver RO_04 is designed to predict the demand of port resources that need to be reserved, based on the 
incoming flow of goods and containers. By leveraging data from RO_01 and RO_10, this solver provides 
accurate forecasts of resource requirements, enabling efficient allocation and planning. 

 

Figure 7-4: Solver RO_04 architecture 
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Development Time-plan and Deviations 

Table 7-5: Time-plan for solver RO_04 

Development Stage Status Date 

Initial Structure Setup Done May-24 

Integration of Calculation Logic Based 
on Flow In progress Jul-24 

Integration with Necessary Solvers Not started yet Aug-24 

API Integration Not started yet Sep-24 

Validation and Testing Not started yet Sep-24 

 

Solver Demonstration 

To illustrate Solver RO_04Ωǎ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ, we will consider a scenario where the port of Galati 
needs to predict resource demands based on incoming containers arriving by ship and subsequently transferred 
onto trains. This module uses data from Solver RO_01 (arrival time predictions) and Solver RO_10 (container 
tracking) to make accurate predictions about the resources required at the port. 

In this scenario, a container ship is in route to the Port of Galati, with an estimated arrival time predicted by 
Solver RO_01. As the ship approaches, Solver RO_10 continuously tracks the position of the containers, ensuring 
they are on the correct ship. Upon arrival at the port, these containers will be unloaded and transferred to trains 
for further transportation. 

Solver RO_04 utilises data from Solver RO_01 to provide estimated arrival times of the container ship, which is 
crucial for planning the unloading process and subsequent resource allocation. Additionally, Solver RO_10 
supplies real-time tracking data of containers, validating their positions and statuses throughout the journey. 

The resource prediction process is managed by a Python-based component that analyses the incoming data. This 
component calculates the expected demand for various resources, such as unloading equipment and train 
loading facilities. The results are then communicated via FastAPI to the workflow engine, which orchestrates 
allocating these resources in real-time. 

The demonstration proceeds as follows: RO_01 sends the predicted arrival time of the container ship, while 
RO_10 provides real-time tracking data of containers on the ship. The Python-based resource prediction 
component processes the incoming data, calculating the expected demand for unloading equipment and train 
loading facilities. The calculated resource requirements are sent to the workflow engine through FastAPI, which 
ǘƘŜƴ ŀƭƭƻŎŀǘŜǎ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ǊŜǎƻǳǊŎŜǎ ǘƻ ŜƴǎǳǊŜ ǎƳƻƻǘƘ ƻǇŜǊŀǘƛƻƴǎ ǳǇƻƴ ǘƘŜ ǎƘƛǇΩǎ ŀǊrival. 

For example, if Solver RO_01 predicts the ship will arrive at 06:00 AM, and Solver RO_10 confirms the containers 
are on board, Solver RO_04 will predict the need for additional unloading crews and equipment starting from 
06:00 AM. It might also predict peak demand for train loading facilities later in the day as containers are 
transferred from port to train. 

During the operations, Solver RO_04 continuously updates its predictions based on real-time data from RO_10. 
If there are any delays or unexpected changes, the module adjusts the resource requirements accordingly and 
communicates these updates to the workflow engine. 
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Ultimately, the containers are efficiently unloaded and transferred to the trains, with all resource requirements 
accurately predicted and managed. The Solver RO_04 module successfully provided real-time updates and 
ensured optimal resource allocation, allowing the port management team to manage resources effectively and 
ensure smooth operations. 

 

Solver RO_05 ɀ Predict the demand for rail resources that need to be reserved, based on the flow 
of goods/containers departing from the Port of Galati 

Solver RO_05 is designed to predict the demand of rail resources that need to be reserved, based on the flow of 
goods and containers departing from the Port of Galati. By leveraging data from RO_01 and RO_10, this solver 
provides accurate forecasts of rail resource requirements, enabling efficient allocation and planning. 

 

Figure 7-5: Solver RO_05 architecture 

 

Development Time-plan and Deviations 

Table 7-6: Time-plan for solver RO_05 

Development Stage Status Date 

Initial Structure Setup Done May-24 

Integration of Calculation Logic Based 
on Flow In progress Jul-24 

Integration with Necessary Solvers Not started yet Aug-24 

API Integration Not started yet Sep-24 

Validation and Testing Not started yet Sep-24 

 

Solver Demonstration 

To illustrate the functionality and performance of Solver RO_05, consider a scenario where the port of Galati 
needs to predict rail resource demands based on containers being transferred from ships and loaded onto trains. 
This module uses data from Solver RO_01 (arrival time predictions) and Solver RO_10 (container tracking) to 
make accurate predictions about the resources required for rail transportation. 
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In this scenario, a container ship arrives at the Port of Galati, with its estimated arrival time predicted by Solver 
RO_01. As the ship unloads its containers, Solver RO_10 continuously tracks the position of the containers, 
ensuring they are accurately monitored. These containers are then scheduled to be loaded onto trains for further 
transportation. 

Solver RO_05 utilises data from Solver RO_01 to provide estimated arrival times of the container ship, which is 
crucial for planning the unloading process and subsequent loading onto trains. Additionally, Solver RO_10 
supplies real-time tracking data of containers, validating their positions and statuses throughout the journey. 

The resource prediction process is managed by a Python-based component that analyses the incoming data. This 
component calculates the expected demand for various rail resources, such as train slots, loading equipment, 
and railcar availability. The results are then communicated via FastAPI to the workflow engine, which 
orchestrates the allocation of these resources in real time. 

The demonstration proceeds as follows: RO_01 sends the predicted arrival time of the container ship, while 
RO_10 provides real-time tracking data of containers on the ship. The Python-based resource prediction 
component processes the incoming data, calculating the expected demand for train slots, loading equipment, 
and railcar availability. The calculated resource requirements are sent to the workflow engine through FastAPI, 
which then allocates the necessary resources to ensure smooth operations as the containers are loaded onto 
trains. 

For example, if Solver RO_01 predicts the ship will arrive at 06:00 AM, and Solver RO_10 confirms the containers 
are on board, Solver RO_05 will predict the need for additional train slots and loading equipment starting from 
06:00 AM. It might also predict peak demand for railcar availability later in the day as containers are transferred 
from port to train. 

During the operations, Solver RO_05 continuously updates its predictions based on real-time data from RO_10. 
If there are any delays or unexpected changes, the module adjusts the resource requirements accordingly and 
communicates these updates to the workflow engine. 

Ultimately, the containers are efficiently loaded onto trains, with all rail resource requirements accurately 
predicted and managed. The Solver RO_05 module successfully provided real-time updates and ensured optimal 
resource allocation, allowing the port management team to manage resources effectively and ensure smooth 
operations. 

 

Solver RO_06 ɀ Recommend the next train to put a container which departs from Port of Galati, 
to minimise the time of transport - architecture 

Solver RO_06 is designed to recommend the next train available for a container to be loaded on, departing from 
the Port of Galati, to minimise the time of transport. By leveraging historical data and current schedules, this 
solver provides accurate recommendations for optimal train selection. 

 

Figure 7-6: Solver RO_06 architecture 
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Development Time-plan and Deviations 

Table 7-7: Time-plan for solver RO_06 

Development Stage Status Date 

Initial Structure Setup Done May-24 

Integration of Recommendation Logic In progress Jul-24 

Integration with Necessary Solvers Not started yet Aug-24 

API Integration Not started yet Sep-24 

Validation and Testing Not started yet Sep-24 

 

Solver Demonstration 

To illustrate RO_06Ωǎ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ, consider a scenario in which the port of Galati needs to 
determine the best train for each container to ensure minimal transport time to its destination. This module uses 
data from historical train schedules and real-time updates to make accurate recommendations. 

In this scenario, a container is unloaded at the Port of Galati and needs to be transported to its destination via 
train. The port management system queries Solver RO_06 to determine the optimal train for this container based 
on current schedules and the goal of minimising transport time. 

Solver RO_06 utilises a Python-based recommendation component that analyses the incoming data from an 
SQLite database containing historical train schedules and performance data. This component evaluates multiple 
factors, including current train schedules, available capacity, and expected travel times, to provide a 
recommendation. 

The process proceeds: Upon receiving a query, the Python-based recommendation component accesses the 
SQLite database to retrieve relevant data. It then processes this data to evaluate the best available train options. 
The recommendation is sent via FastAPI to the workflow engine, which orchestrates the loading of the container 
onto the selected train. 

For example, if a container is ready for transport at 08:00 AM and there are multiple train departures throughout 
the day, Solver RO_06 will recommend the train that provides the earliest arrival time at the final destination, 
considering factors such as direct routes, minimal stops, and current train capacities. 

During operations, Solver RO_06 continuously updates its recommendations based on real-time data. If there 
are any changes in train schedules or unexpected delays, the module adjusts its recommendations accordingly 
and communicates these updates to the workflow engine. 

Ultimately, the container is loaded onto the recommended train, ensuring the shortest possible transport time. 
The Solver RO_06 module successfully provides real-time recommendations and ensures efficient transportation 
planning, allowing the port management team to manage logistics effectively and ensure timely delivery. 

 

Solver RO_07 ɀ Recommend the next train to put a container which departs from Port of Galati, to 
minimise the cost of transport 
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Solver RO_07 is designed to recommend the next train available for a container to be loaded on, departing from 
the Port of Galati, to minimise the cost of transport. By leveraging historical data and current schedules, this 
solver provides accurate recommendations for optimal train selection based on cost efficiency. 

 

 

Figure 7-7: Solver RO_07 architecture 

 

Development Time-plan and Deviations 

Table 7-8: Time-plan for solver RO_07 

Development Stage Status Date 

Initial Structure Setup Done May-24 

Integration of Recommendation Logic In progress Jul-24 

Integration with Necessary Solvers Not started yet Aug-24 

API Integration Not started yet Sep-24 

Validation and Testing Not started yet Sep-24 

 

Solver Demonstration 

 To illustrate Solver RO_07Ωǎ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ, consider a scenario in which the port of Galati needs 
to determine the best train for each container to ensure minimal transport costs to its destination. This module 
uses data from historical train schedules, transport costs, and real-time updates to make accurate 
recommendations. 

In this scenario, a container is unloaded at the Port of Galati and needs to be transported to its destination via 
train. The port management system queries Solver RO_07 to determine the optimal train for this container based 
on current schedules and the goal of minimising transport costs. 

Solver RO_07 utilises a Python-based recommendation component that analyses the incoming data from an 
SQLite database containing historical train schedules, performance data, and cost information. This component 
evaluates multiple factors, including current train schedules, available capacity, transport costs, and expected 
travel times, to provide a recommendation. 

The process proceeds: Upon receiving a query, the Python-based recommendation component accesses the 
SQLite database to retrieve relevant data. It then processes this data to evaluate the best available train options. 
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The recommendation is sent via FastAPI to the workflow engine, which orchestrates the loading of the container 
onto the selected train. 

For example, if a container is ready for transport at 08:00 AM and there are multiple train departures throughout 
the day, Solver RO_07 will recommend the train that provides the lowest transport cost, considering factors such 
as direct routes, minimal stops, current train capacities, and cost efficiency. 

During the operations, Solver RO_07 continuously updates its recommendations based on real-time data. If there 
are any changes in train schedules, costs, or unexpected delays, the module adjusts its recommendations 
accordingly and communicates these updates to the workflow engine. 

Ultimately, the container is loaded onto the recommended train, ensuring the lowest possible transport cost. 
The Solver RO_07 module successfully provides real-time recommendations and ensures efficient transportation 
planning, allowing the port management team to manage logistics effectively and ensure cost-efficient delivery. 

 

Solver RO_08 ɀ Recommend the next train to put a container which departs from Port of Galati, in 
order to minimise the CO2 footprint 

Solver RO_08 is designed to recommend the next train available for a container to be loaded on, departing from 
the Port of Galati, to minimise the CO2 footprint. By leveraging historical data, current schedules, and emission 
factors, this solver provides accurate recommendations for optimal train selection based on environmental 
efficiency. 

 

 

Figure 7-8: Solver RO_08 architecture 

 

Development Time-plan and Deviations 

Table 7-9: Time-plan for solver RO_08 

Development Stage Status Date 

Initial Structure Setup Done May-24 

Integration of Emission Calculation 
Logic In progress Jul-24 

Integration with Necessary Solvers Not started yet Aug-24 

API Integration Not started yet Sep-24 
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Validation and Testing Not started yet Sep-24 

 

Solver Demonstration 

To illustrate Solver RO_08Ωǎ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ, consider a scenario in which the port of Galati needs 
to determine the best train for each container to ensure minimal CO2 emissions during transport to its 
destination. This module uses data from historical train schedules, emission factors, and real-time updates to 
make accurate recommendations. 

In this scenario, a container is unloaded at the Port of Galati and needs to be transported to its destination via 
train. The port management system queries Solver RO_08 to determine the optimal train for this container based 
on current schedules and the goal of minimising CO2 emissions. 

Solver RO_08 utilises a Python-based recommendation component that analyses the incoming data from an 
SQLite database containing historical train schedules, performance data, and emission factors. This component 
evaluates multiple factors, including current train schedules, available capacity, emission rates, and expected 
travel times, to provide a recommendation. 

The process proceeds: Upon receiving a query, the Python-based recommendation component accesses the 
SQLite database to retrieve relevant data. It then processes this data to evaluate the best available train options. 
The recommendation is sent via FastAPI to the workflow engine, which orchestrates the loading of the container 
onto the selected train. 

For example, if a container is ready for transport at 08:00 AM and there are multiple train departures throughout 
the day, Solver RO_08 will recommend the train that provides the lowest CO2 emissions, considering factors 
such as direct routes, minimal stops, current train capacities, and emission factors. 

During the operations, Solver RO_08 continuously updates its recommendations based on real-time data. If there 
are any changes in train schedules, emission rates, or unexpected delays, the module adjusts its 
recommendations accordingly and communicates these updates to the workflow engine. 

Ultimately, the container is loaded onto the recommended train, ensuring the lowest possible CO2 emissions. 
The Solver RO_08 module successfully provides real-time recommendations and ensures efficient transportation 
planning, allowing the port management team to manage logistics effectively and ensure environmentally 
friendly delivery. 

 

Solver RO_09 ɀ Recommend the next train to put a container which departs from Port of Galati, 
to minimise the time, cost and emission factors 

Solver RO_09 is designed to recommend the next train available for a container to be loaded on, departing from 
the Port of Galati, to balance and minimise the transport time, cost, and CO2 emissions. By leveraging historical 
data, current schedules, costs, and emission factors, this solver provides optimised recommendations for train 
selection based on a balance of these three parameters. 
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Figure 7-9: Solver RO_09 architecture 

 

Development Time-plan and Deviations 

Table 7-10: Time-plan for solver RO_09 

Development Stage Status Date 

Initial Structure Setup Done May-24 

Integration of Balancing Algorithm In progress Jul-24 

Integration with Necessary Solvers Not started yet Aug-24 

API Integration Not started yet Sep-24 

Validation and Testing Not started yet Sep-24 

 

Solver Demonstration 

To illustrate Solver RO_09Ωǎ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ, consider a scenario in which the port of Galati needs 
to determine the best train for each container to ensure an optimal balance of minimal transport time, cost 
efficiency, and reduced CO2 emissions to its destination. This module uses data from historical train schedules, 
transport costs, emission factors, and real-time updates to make accurate recommendations. 

In this scenario, a container is unloaded at the Port of Galati and needs to be transported to its destination via 
train. The port management system queries Solver RO_09 to determine the optimal train for this container based 
on current schedules and the goal of balancing transport time, cost, and emissions. 

Solver RO_09 utilises a Python-based recommendation component that analyses the incoming data from an 
SQLite database containing historical train schedules, performance data, transport costs, and emission factors. 
This component evaluates multiple factors, including current train schedules, available capacity, transport costs, 
emission rates, and expected travel times, to provide a balanced recommendation. 

The process proceeds: Upon receiving a query, the Python-based recommendation component accesses the 
SQLite database to retrieve relevant data. It then processes this data to evaluate the best available train options. 
The recommendation is sent via FastAPI to the workflow engine, which orchestrates the loading of the container 
onto the selected train. 

For example, if a container is ready for transport at 08:00 AM and there are multiple train departures throughout 
the day, Solver RO_09 will recommend the train that offers the best balance of transport time, cost efficiency, 
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and CO2 emissions, considering factors such as direct routes, minimal stops, current train capacities, and 
emission factors. 

During operations, Solver RO_09 continuously updates its recommendations based on real-time data. If train 
schedules, costs, emission rates, or unexpected delays change, the module adjusts its recommendations 
accordingly and communicates these updates to the workflow engine. 

Ultimately, the container is loaded onto the recommended train, ensuring a balanced approach to minimising 
transport time, cost, and emissions. The Solver RO_09 module successfully provides real-time recommendations 
and ensures efficient transportation planning, allowing the port management team to manage logistics 
effectively and ensure environmentally and economically efficient delivery. 

 

Solver RO_10 ɀ Real-time tracking (update coordinates) of container 

RO_10 provides two main functionalities: the traceability of containers and the transparency between actors 
involved in the transport processes. This solver also represents the central pillar of the integration with legacy 
systems, making their data available to other modules within the platform. 

 

Figure 7-10: Solver RO_10 architecture 

 

Development Time-plan and Deviations 

Table 7-11: Time-plan for solver RO_10 

Development Stage Status Date 

TET100 Trackers integration Finished Feb 24 

Ship Legacy systems integration 
Almost finished. Integration with historical data done. Testing 
with real-time transmission is pending 

May 24 

Train Legacy systems 
integration  

Almost finished. Integration with historical data done. Testing 
with real-time transmission is pending 

May 24 

TET140 Trackers integration  Almost finished. May 24 

Validation mechanism for 
container position 

In progress. June 24 
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API integration  In progress. Initial logic established. Jun 24 

 

Solver Demonstration 

To illustrate Solver RO_10Ωǎ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ, consider a scenario in which containers are tracked 
throughout their journey from ship to port and then onto a train. This module ensures transparency and 
integration between different systems involved in the transport process, providing traceability of the containers. 

In this scenario, a container is tracked as it moves from a ship to the port of Galati onto a train heading towards 
its destination. The process involves data collection from ship legacy systems, TELTONIKA trackers, and train 
legacy systems. The collected data is integrated and made available to other modules within the platform, 
ensuring seamless tracking and transparency. 

The module first retrieves detailed tracking data from the shipΩǎ ƭŜƎŀŎȅ ǎȅǎǘŜƳǎΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ǘƘŜ ŎƻƴǘŀƛƴŜǊΩǎ 
position and status updates during its journey at sea. Upon arrival at the Port of Galati, the port system updates 
the status as the container is unloaded from the ship and processed through customs. Once customs clearance 
is complete, the container is loaded onto a train, and the train legacy system provides continuous tracking data 
for the container's overland journey. 

TELTONIKA trackers mounted on the containers provide independent position updates a couple of times per day. 
These updates validate that the container is on the correct ship or train, ensuring accurate tracking throughout 
the journey. 

The collected data is sent through a Python-based Transmission Control Protocol (TCP) server to the MQTT 
broker for real-time updates. The MQTT broker ensures that real-time tracking data is available to the workflow 
engine and other modules via FastAPI, facilitating timely decision-making and resource allocation. 

During the journey, the module continuously monitors the tracking data and updates the container's status. For 
instance, an event is recorded in the ship legacy system as the container is unloaded from the ship at the port. 
This data is then sent through the TCP server to the MQTT broker and stored in the SQLite database. The FastAPI 
component ensures the updated status is communicated to the workflow engine. 

As the container is loaded onto the train, another event is recorded in the train legacy system, following the 
same data collection and communication process. The module dynamically updates the tracking information, 
providing real-time visibility to all stakeholders involved in the transport process. 

Ultimately, the container reaches its destination, with all tracking events accurately recorded and 
communicated. The Solver RO_10 module provided real-time updates and transparency throughout the journey, 
allowing the port management team and other stakeholders to manage resources effectively and ensure smooth 
operations. 

Specific message types are defined to facilitate communication between different components of solver RO_10. 
These messages request tracking data and receive updates, ensuring that all relevant data is exchanged 
accurately. 

Message Type: ContainerTrackingRequest 

This message type requests tracking for specified containers. It includes initial transport plans, which may be set 
to "N/A" if no plans have been made yet. 

JSON Structure 

{  

  "type": "ContainerTrackingRequest",  

  "timestamp": "YYYY - MM- DDTHH:MM:SSZ", 
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  "requestedBy": "UserID",  

  "containerIds": [  

    "ContainerID1",  

    "ContainerID2",  

    "..."  

  ],  

  "priority": "PriorityLevel",  

  "notes": "Additional notes or comments (optional)",  

  "transportPlans": {  

    "ship": "ShipID or N/A",  

    "train": "TrainID or N/A"  

  }  

}  

Fields: 

¶ type : (string) The type of message. For this message, it will always be "ContainerTrackingRequest"; 

¶ timestamp : (string) The ISO 8601 timestamp indicating when the request was made; 

¶ requestedBy : (string) The ID of the user making the request; 

¶ containerIds : (array of strings) The list of container IDs to be tracked; 

¶ priority : (string) The priority level of the request. Possible values are: 
o "HighέΦ 
o "MediumέΦ 
o "Low". 

¶ notes : (string, optional) Additional notes or comments provided by the user. This field is not mandatory; 

¶ transportPlans : (object) An object containing the initial transport plans: 
o ship : (string) The ID or name of the ship planned to be used to move the containers, or "N/A" if 

no plan is made; 
o train : (string) The ID or name of the train planned to be used to move the containers, or "N/A" 

if no plan is made. 

Example 

{  

  "type": "ContainerTrackingRequest",  

  "timestamp": "2024 - 05- 21T12:00:00Z",  

  "requestedBy": "User123",  

  "containerIds": [  

    "ABC1234567",  

    "XYZ9876543",  

    "LMN7654321",  

    "PQR1239876" 

  ],  

  "priority": "High",  

  "notes": "Urgent tracking request for immediate action.",  

  "transportPlans": {  

    "ship": "N/A",  

    "train": "N/A"  

  }  

}  
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Message Type: TransportPlanUpdate 

This message type updates the transport plans for specified containers. It provides new information about the 
ship and train to be used. 

JSON Structure 

{  

  "type": "TransportPlanUpdate",  

  "timestamp": "YYYY - MM- DDTHH:MM:SSZ", 

  "requestedBy": "UserID",  

  "containerIds": [  

    "ContainerID1",  

    "ContainerID2",  

    "..."  

  ],  

  "updatedTransportPlans": {  

    "ship": "UpdatedShipID",  

    "train": "UpdatedTrainID"  

  },  

  "notes": "Additional notes or comments (optional)"  

}  

Fields: 

¶ type : (string) The type of message. For this message, it will always be "TransportPlanUpdate"; 

¶ timestamp : (string) The ISO 8601 timestamp indicating when the update was made; 

¶ requestedBy : (string) The ID of the user making the update; 

¶ containerIds : (array of strings) The list of container IDs for which the transport plans are updated; 

¶ updatedTransportPlans : (object) An object containing the updated transport plans: 
o ship : (string) The ID or name of the updated ship to be used to move the containers. 
o train : (string) The ID or name of the updated train to be used to move the containers. 

¶ notes : (string, optional) Additional notes or comments provided by the user. This field is not mandatory. 

Example 

{  

  "type": "TransportPlanUpdate",  

  "timestamp": "2024 - 05- 22T09:00:00Z",  

  "requestedBy": "User123",  

  "containerIds": [  

    "ABC1234567",  

    "XYZ9876543" 

  ],  

  "updatedTransportPlans": {  

    "ship": "Ship456",  

    "train": "Train789"  

  },  

  "notes": "Updated transport plans for the listed containers."  

}  

Message Type: ContainerStatusUpdate 
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This message type provides status updates about a specific container, including its location and transport stages. 

JSON Structure 

{  

  "type": "ContainerStatusUpdate",  

  "timestamp": "YYYY - MM- DDTHH:MM:SSZ", 

  "container_ID": "ContainerID",  

  "ship_ID": "ShipID",  

  "train_ID": "TrainID",  

  "container_lon": "LongitudeValue",  

  "container_lat": "LatitudeValue",  

  "container_stage": {  

    "stage1": {  

      "start_time": "YYYY - MM- DDTHH:MM:SSZ", 

      "end_time": "YYYY - MM- DDTHH:MM:SSZ" 

    },  

    "stage2": {  

      "start_time": "YYYY - MM- DDTHH:MM:SSZ", 

      "end_time": "YYYY - MM- DDTHH:MM:SSZ" 

    }  

  },  

  "notes": "Additional notes or comments (optional)"  

}  

Fields: 

¶ type : (string) The type of message. For this message, it will always be "ContainerStatusUpdate"; 

¶ timestamp : (string) The ISO 8601 timestamp indicating when the update was made; 

¶ container_ID : (string) The ID of the container; 

¶ ship_ID : (string) The ID of the ship associated with the container; 

¶ train_ID : (string) The ID of the train associated with the container; 

¶ container_lon : (float) The longitude of the container's current location; 

¶ container_lat : (float) The latitude of the container's current location; 

¶ container_stage : (object) An object containing the stages of the container's transport: 
o stage1 , stage2 , etc.: (object) Each stage includes: 

Á start_time : (string) The ISO 8601 timestamp indicating when the stage started. 
Á end_time : (string) The ISO 8601 timestamp indicating when the stage ended. 

¶ notes : (string, optional) Additional notes or comments provided by the user. This field is not mandatory. 

Example 

{  

  "type": "ContainerStatusUpdate",  

  "timestamp": "2024 - 05- 21T12:00:00Z",  

  "container_ID": "ABC1234567",  

  "ship_ID": "Ship001",  

  "train_ID": "Train001",  

  "container_lon": - 122.4194,  

  "container_lat": 37.7749,  

  "container_stage": {  
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    "stage1": {  

      "start_time": "2024 - 05- 20T08:00:00Z",  

      "end_time": "2024 - 05- 21T10:00:00Z"  

    },  

    "stage2": {  

      "start_time": "2024 - 05- 21T10:00:00Z",  

      "end_time": "2024 - 05- 21T12:00:00Z"  

    }  

  },  

  "notes": "Container is currently being loaded onto the ship."  

}  

Message Type: ShipStatusUpdate 

This message type provides status updates about a specific ship, including its location, speed, and fuel 
consumption. 

JSON Structure 

{  

  "type": "ShipStatusUpdate",  

  "timestamp": "YYYY - MM- DDTHH:MM:SSZ", 

  "ship_ID": "ShipID",  

  "ship_lon": "LongitudeValue",  

  "ship_lat": "LatitudeValue",  

  "ship_speed": "SpeedValue",  

  "ship_consumption": "ConsumptionValue",  

  "notes": "Additional notes or comments (optional)"  

}  

Fields: 

¶ type : (string) The type of message. For this message, it will always be "ShipStatusUpdate"; 

¶ timestamp : (string) The ISO 8601 timestamp indicating when the update was made; 

¶ ship_ID:  (string) The ID of the ship; 

¶ ship_lon : (float) The longitude of the ship's current location; 

¶ ship_lat : (float) The latitude of the ship's current location; 

¶ ship_speed : (float) The current speed of the ship; 

¶ ship_consumption : (float) The current fuel consumption of the ship; 

¶ notes : (string, optional) Additional notes or comments provided by the user. This field is not mandatory. 

Example 

{  

  "type": "ShipStatusUpdate",  

  "timestamp": "2024 - 05- 21T12:00:00Z",  

  "ship_ID": "Ship001",  

  "ship_lon": - 123.4567,  

  "ship_lat": 45.6789,  

  "ship_speed": 20.5,  

  "ship_consumption": 150.3,  

  "notes": "Ship is en route to the next port."  
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}  

Message Type: TrainStatusUpdate 

This message type provides status updates about a specific train, including its location. 

JSON Structure 

{  

  "type": "TrainStatusUpdate",  

  "timestamp": "YYYY - MM- DDTHH:MM:SSZ", 

  "train_ID": "TrainID",  

  "train_lon": "LongitudeValue",  

  "train_lat": "LatitudeValue",  

  "notes": "Additional notes or comments (optional)"  

}  

Fields: 

¶ type : (string) The type of message. For this message, it will always be "TrainStatusUpdate"; 

¶ timestamp : (string) The ISO 8601 timestamp indicating when the update was made; 

¶ train_ID : (string) The ID of the train; 

¶ train_lon : (float) The longitude of the train's current location; 

¶ train_lat : (float) The latitude of the train's current location; 

¶ notes : (string, optional) Additional notes or comments provided by the user. This field is not mandatory. 

Example 

{  

  "type": "TrainStatusUpdate",  

  "timestamp": "2024 - 05- 21T12:00:00Z",  

  "train_ID": "Train001",  

  "train_lon": - 98.7654,  

  "train_lat": 34.5678,  

  "notes": "Train is currently passing through the designated checkpoint."  

}  

 

Solver RO_11 ɀ Automated crane operation  

Solver RO_11 deals with crane control for improved safety and efficiency. The operations are assisted by video 
feeds captured from drones. The information is used to create a digital twin of the environment, based on which 
commands are issued and safety protocols are implemented. 
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Figure 7-11: Solver RO_11 architecture 

 

Development Time-plan and Deviations     

Table 7-12: Time-plan for solver RO_11 

Development Stage Status Date 

Integration with legacy system Ongoing Aug 24 

Drone mapping  Not started yet Sep 24 

Movement logic implementation Not started yet Oct 24 

API integration  Not started yet Nov 24 

  

Solver Demonstration 

A container ship arrives at the Port of Galati, and cranes are tasked with unloading the containers. Drones are 
deployed to monitor the unloading area, providing real-time video feeds to the decision system. The crane 
control system continuously sends data on crane movements and status. As the crane begins unloading 
containers, the decision system continuously updates the digital twin with real-time video and operational data. 
Should the video feed detect a person entering the crane's operational area, the decision system immediately 
issues a command to halt the crane and alerts the operator. Once the area is cleared, the decision system 
assesses the optimal path for the crane to minimize movement and maximize unloading efficiency. Commands 
are issued to the crane control system to adjust the crane's path accordingly. All events, commands, and 
operational data are logged in the SQLite database. This data is later analysed to refine safety protocols and 
improve decision-making algorithms. 
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8 Central FOR-FREIGHT Platform  
8.1 Architecture Design and Specifications 

 ¢Ƙƛǎ ǎŜŎǘƛƻƴ Ŏƻƴǘŀƛƴǎ ǘƘŜ ŎŜƴǘǊŀƭ ǇƭŀǘŦƻǊƳΩǎ ƻǾŜǊŀƭƭ ŀǊŎƘƛǘŜŎǘǳǊŜ ŘŜǎƛƎƴ ŀƴŘ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΣ ƛƴŎƭǳŘƛƴƎ ŘŜŎƛǎƛƻƴǎ 
made regarding the implementation and their status. Furthermore, the architecture will be explained in detail 
throughout the different following subsections. 

To start, the FOR-FREIGHT central platform is to be hosted in a Kubernetes cluster. Both the master node(s) and 
central platform node(s) should be hosted within one of the FOR-Cw9LDI¢ ǇŀǊǘƴŜǊΩǎ ǇǊŜƳƛǎŜǎ. However, since 
some UCs require it, additional worker nodes will join the cluster whenever required. 

The FOR-FREIGHT architecture has seen some changes throughout the various stages of the project. As it stands, 
it is composed of three layers: the Central Platform, the Service Layer, and the Modular Layer. The three following 
subsections contain a detailed description of the intended purpose for each of the layers in the architecture. 

 

8.1.1 Central Platform Architecture 

The central platform is the layer responsible for various aspects regarding the functionality of the platform, 
integrating the various components seamlessly while accounting for security, availability and other aspects 
handled by its components. 

 

Figure 8-1: Central Platform 

¢ƘŜ ŎŜƴǘǊŀƭ ǇƭŀǘŦƻǊƳΩǎ ŦǳƴŎǘƛƻƴǎΣ ŘƛǎǇƭŀȅŜŘ ƛƴ Figure 8-1Σ ǊŀƴƎŜ ŦǊƻƳ ǘƘŜ ǳǎŜǊ ƛƴǘŜǊŦŀŎŜ ǿƘƛŎƘ ƛǎ ǘƘŜ ǳǎŜǊΩǎ ŀŎŎŜǎǎ 
point to the API gateway that connects to all of the other components and any component that needs to have 
an access point. To clarify the purpose of the various components, each of them will have their specifications 
described. 

¶ API Gateway: Responsible for generating access points to each of the components that need one. The 
technology chosen for this component is NGINX [7] which has all the required capabilities; 

¶ Service Monitoring: Allows for the visualisation of the status of the various services that are running in 
the cluster, also capable of alert generation when needed. This component uses Prometheus [8] as it 
allows for the functions described and presents even more monitoring capabilities. 

¶ Authentication and Authorisation (Authn and Authz): Responsible for authenticating every request made 
to the platform and managing authorisation. Keycloak [9] is the technology used for this purpose and 
allows for more functions such as role-based access control. Furthermore, to facilitate the integration 
with the additional components in the platform, every request made to the platform is redirected via 
proxy to Keycloak. This process makes use of the Oauth2-Proxy [10] tool, which already includes an 
integration with Keycloak. 
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¶ Tenant Service: Component that splits the content available in the platform throughout different 
tenants, there can be multiple existing tenants, and these will correspond to either the different use 
cases or different organisations, depending on the needs for the specific content. This component is 
comprised of a Spring Boot [11] service, this way it will have easy access and can be customised as 
developers see fit. 

¶ Solver Registry/Repository: This component is responsible for gathering information regarding the 
various solvers and making the information available for whatever component that requires it. It is 
ŀƴǘƛŎƛǇŀǘŜŘ ǘƘŀǘ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ ŦǊƻƴǘŜƴŘ ǿƛƭƭ ǊŜǉǳƛǊŜ ǘƘƛǎ ƛƴŦƻǊƳŀǘƛƻƴ ǎƻ ǘƘŀǘ ǳǎŜǊǎ Ŏŀƴ visualise what 
solvers the platform offers and what they can offer, as well as other specific information depending on 
the ǎƻƭǾŜǊΩǎ application. 

¶ Continuous Integration and Continuous Deployment/Delivery (CI/CD): This component is responsible for 
ensuring continuous integration and delivery of the solutions included in the platform. For this purpose, 
the tool used is TeamCity which allows for an easy implementation with access to a user interface for 
visualisation and management of the various aspects of this component. 

¶ Code Repository: Mostly useful for collaborative development, the code repository enables the storage 
and access of the source code for all of the components in the platform, especially the solvers. A GitLab 
repository was created and made available to every partner for this purpose. 

¶ Workflow Engine: Responsible for managing the workflow as the name suggests, this component allows 
for the visualisation of the workflow and the possible alteration of the initial workflow as the user sees 
fit. For this component, the technology used is Node-RED [12]. 

¶ Asynchronous Broker: Some solvers rely on asynchronous messaging, and this is where this component 
comes in, allowing for the creation of topics, and for solvers to produce or consume messages on these 
topics. The initial implementation plan includes a Kafka [13] broker, but as solver development ensued, 
the need for an MQTT broker arose, and has then been added, making this component a group of 
brokers. 

These components have important roles in the overall performance of the platform and their presence is of 
utmost importance. This is part of the reason why an orchestration solution was chosen, as it will allow for the 
scaling of these components, therefore assuring scalability, but also availability. 

 

8.1.2 Services Layer Architecture 

The services layer is made of the services that are to be presented to the user, which range from the workflow 
engine to the end to end solving processes that encompass several solvers. This layer serves as a representation 
of the various services the platform provides to the end users.  

 

Figure 8-2: Services Layer Architecture 
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Figure 8-2 is a visual representation of the services layer, which includes the workflow engine, the dashboard 
and the solver marketplace. These are some of the functions the user will have access to through the user 
interface. Although these services are well represented in the other layers, the E2E solving process services are 
another matter entirely. 

The various solving processes are represented with multimodal transport options and aim to help the user solve 
real-world problems in their T&L operations. Each of these solving processes includes a chain of solvers, with 
each solver having a dedicated function, which will provide the user with some much-needed information 
towards solving the real-world problem found in the multimodal scenario. The output of these solving processes 
varies according to the initial specifications, with some even assisting the user through decision making 
processes. 

 

8.1.3 Modular Layer Architecture 

 The modular layer is the bottom-most layer of the FOR-FREIGHT platform and represents the solvers that will 
be included in the platform. The modules or solvers in this layer may have different architectures depending on 
their requirements; however, for simplicity purposes, an archetype is provided, displaying the multiple possible 
ŎƻƳǇƻƴŜƴǘǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǎƻƭǾŜǊǎΩ ŀǊŎƘƛǘŜŎǘǳǊŜΦ 

 

Figure 8-3: Solver Archetype 

As shown in Figure 8-3, the solver archetype accounts for various components, which are not necessary for all 
platform solvers. All the components are linked with the solver, as the workflows into the solver and eventually 
outwards either through asynchronous messaging or via API. As some solvers include machine learning, it is 
included in the archetype. Still, ƛǘ ƛǎƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ ŀ ŎƻƳǇƻƴŜƴǘΣ ŀǎ ǘƘŜ ǎƻƭǾŜǊ ƛǘǎŜƭŦ ǿƛƭƭ Ƴƻǎǘ ƭƛƪŜƭȅ ōŜ ŎƻƳǇƻǎŜŘ 
of the model plus additional serving or messaging if needed. There are also two components such as the legacy 
systems and 3rd party applications, which go through message translators. These are parts of the developed 
solver that will receive data in various formats and output them to the platform in the format that is most 
suitable, namely JSON, and, whenever possible an adaptation to the TIC4.0 model should be the resulting format 
as it stands as the standard format throughout the platform, thus assuring the correct functioning among every 
component within the platform. These components account for making important information available to the 
solver, which will be used internally, either for additional calculations or real-time data availability. The database 
component is used by solvers that require data persistence. Reasons for the persistence can be to keep data for 
analysis or fine-ǘǳƴƛƴƎ ǘƘŜ ǎƻƭǾŜǊΩǎ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ƳƻŘŜƭǎ ƻǊ ǘƻ ƪŜŜǇ ƘƛǎǘƻǊȅ ƻŦ ǘhe requests made to the solver. 

Following the suggested architecture in this archetype will allow for an easy integration of the different solvers 
with the platform. As mentioned previously, ǎƻƭǾŜǊǎ ŘƻƴΩǘ ƴŜŜŘ ǘƻ ƛƴŎƭǳŘŜ ŜǾŜǊȅ ŎƻƳǇƻƴŜƴǘ; for example, some 
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solvers do not need asynchronous messaging, but this fact does not harm the following deployment and 
integration process. 

 

8.1.4 Data Standardisation / Message Translation 

For data standardisation, the existing TIC4.0 data model will be compared and adapted to suit the needs of the 
platform and users for translating the various data formats into one standard format. New fields are added to 
represent variables and systems that are not covered yet, namely cargo types, emissions, costs and other 
variables the data model did not yet represent. All solvers will be analysed to ascertain where an adaptation can 
take place, ensuring that the result is fully compliant and interoperable with current TIC4.0 definitions and 
standards. Where there is no direct equivalence between the solvers and TIC4.0 data model, an intermediate 
software solution (library, middleware, etc.) shall translate the data to make it fully interoperable and TIC4.0 
compliant. 

The first implementation of the TIC4.0 semantics and language was made in the Spanish UCΩǎ ǎƻƭǾŜǊǎΦ CƻǊ ǘƘƛǎ 
purpose, a requirement analysis of ǘƘŜ ƭŜƎŀŎȅ ǎȅǎǘŜƳΩǎ ƛƴǇǳǘǎ ŀƴŘ ǘƘŜ ǎȅǎǘŜƳΩǎ ƻǳǘǇǳǘǎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘ ǘƘŜ 
technical partners and users of the UC. The data model was then adapted to the specific needs, adding the 
corresponding fields for the variables originally not foreseen in the current version. Since the data model was 
conceived for port operations and containers, specific fields were added to enable the representation of the 
processes and cargo types that were missing (i.e., Metro de Madrid leg, roller cages and parcels). Furthermore, 
fields for the trip emissions and costs were added to provide for this. An example can be found in the image 
below: 

 

Figure 8-4ȡ 3ÎÁÐÓÈÏÔ ÏÆ 4)#ΦȢΡȭÓ ÄÁÔÁ ÍÏÄÅÌ ÓÅÃÔÉÏÎ ÁÄÁÐÔÅÄ ÔÏ &/2-FREIGHT. Source: own work. 

 

8.2 Partner Roles 

 ABS provided an initial setup consisting of a Kubernetes cluster, with an initial implementation of the different 
components included in the central platform distributed through the worker nodes available in the cluster. 
Furthermore, an archetype for the different solvers was developed so that solvers were easily integrated in the 
platform. This archetype is also to be used for the integration of external solvers, or solvers that are developed 
by users that wish to have them included in the FOR-FREIGHT platform.  
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CERTH has provided a GitLab group, which was used as a code repository, not only for the central platform, but 
for all the UCs. Having a code repository that is accessible for all partners is not only important during the 
development stage, as different partners can review ǘƘŜ ǎƻƭǾŜǊǎΩ ŎƻŘŜ ŀƴŘ gather additional information on their 
functioning, but also in the following stages, ensuring ŎŀǇŀōƛƭƛǘƛŜǎ ǘƘŀǘ ŀǊŜ ǳǎŜŦǳƭ ŦƻǊ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ Ŏƻƴǘƛƴǳƻǳǎ 
development. 

WINGS has undertaken the task of developing the workflow engine, through which solvers will be able to be 
linked to form full-fledged E2E solutions for many possible applications depending on the identified needs of the 
various UCs. 

eBOS is responsible for the design, development of the FOR-FREIGHT user interface, a fundamental component 
as it provides the end user with a set of functionalities, showcasing the utility of the platform. This Graphical User 
Interface (GUI) is the top-most component of the platform and the one which most users will interact with. 

 

8.3 Implementation Activities  

This subsection aims to examine in detail what steps were taken to reach the current version of the components 
included in the central FOR-FREIGHT platform. Each of the components included in the central platform will have 
its implementation activities specified below in the order they were previously introduced. 

API Gateway 

The entry point of the central platform is responsible for routing the various requests made to the platform to 
the appropriate service or solver. 

¢ƘŜ !tL ƎŀǘŜǿŀȅΩǎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǊŜǉǳƛǊŜŘ ǘƘŜ ŀŘŘƛǘƛƻƴŀƭ ǎŜǘǳǇ ƻŦ aŜǘŀƭ[. [14], a tool used in non-cloud 
Kubernetes environments due to the bare-metal nature of the cluster. This component acts as a load balancer, 
which automatically assigns an Internet Protocol (IP) address from an available address pool.  

After this, the NGINX was then deployed to the cluster (a task made easy due to the existence of a Helm chart), 
responsible for assigning different services (and their endpoints) to one of the IPs assigned by MetalLB. The only 
concern for this setup to function properly is to create an appropriate ingress after service deployment. 

Service Monitoring 

The service monitoring component allows for the visualisation of the status of the cluster, regarding hardware 
utilisation, performance, and availability of the different services that compose the FOR-FREIGHT platform. 

Prometheus allows for the collection of the metrics of the various pods within the cluster, and although it allows 
for basic status visualisation, a Grafana [15] service is included in the monitoring component, allowing the 
creation of custom dashboards for the various metrics collected by Prometheus. 

Regarding the implementation of this component, both services (Prometheus and Grafana) are available as a 
group in a Helm chart which was used for the deployment of this component. Additional configurations were 
necessary to ensure an adequate behaviour from the component. 

Once deployed, a set of dashboards was set up to visualise the status of the various pods within the cluster, the 
hardware and network utilisation, and alerts were configured for downtime-related issues. 

Authentication and Authorisation 

The authentication and authorisation component ensures only authorised users have access to the contents of 
the platform and anything underneath it. As has been described previously, Keycloak is the tool implemented 
for this component. Keycloak requires the presence of a PostgreSQL database, therefore, its deployment is the 
first step towards the correct functioning of Keycloak. 
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Furthermore, prior to deployment, there is also the need for a key and certificate set which will be used as the 
secret for the service inside the cluster. 

With these steps, it is now possible to deploy Keycloak, which also has a Helm chart available, which facilitates 
its deployment. However, there are quite a few values that need to be changed before deployment, which should 
be reviewed cautiously. Once the service is deployed, an appropriate ingress must be made available, to enable 
access to the service. This would be the last step in a regular configuration, but as all requests are redirected to 
Keycloak for authentication/authorisation via a proxy, its implementation is up next. 

Oauth2Proxy is a reverse proxy that provides authentication using providers to validate accounts. This project 
includes multiple providers used for authentication/authorisation, namely Keycloak. This useful tool also 
accounts for a helm chart, but like Keycloak there are multiple chart values that need change before deployment, 
mostly regarding Keycloak related setup variables. It is also noteworthy that after proxy deployment, all ingresses 
in the cluster must include a few annotations that are required to make sure every request goes through 
authentication/authorisation. 

Tenant Service 

The tenant service is responsible for having distinct content available only for certain tenants, when a separation 
of concerns is identified. To achieve this behaviour, a microservice has been developed, making use of Spring 
Boot technologies, which will be accessed alongside any request made to the platform and includes the 
information regarding the specific tenant in the requests before they access additional components.  

Solver Registry/Repository 

The solver repository is useful for every stakeholder that requires information regarding what solvers are 
available and any specific information about each of them, such as their description and expected output. This 
component is to be updated frequently, and specifically, whenever a new solver is made available.  

Regarding the implementation process of the solver repository, since it consists of a backend service, with proper 
data management, it is composed of a Spring Boot service which serves a REST API to be used for requesting 
solver related information, and a Mongo database for persisting the information. The implementation goes 
through the steps that most other services must follow since we can make use of the Helm chart that was 
developed for the solversΩ deployment. 

Continuous Integration and Continuous Deployment/Delivery 

The CI/CD component allows for uninterrupted development of the various usable services and solvers within 
the platform. By allowing the constant changes made by developers to the solvers to be integrated within the 
platform and update whenever needed. 

The implementation process for TeamCity includes the deployment of a database for persistence. The database 
for this specific TeamCity instance is a PostgreSQL database which was installed using a Helm chart. 

Once the database was deployed, the TeamCity tool, once again using Helm charts, was deployed and the 
remainder of the setup is done via the GUI which can be accessed within the cluster for connecting TeamCity to 
the database. 

Once these steps were completed, TeamCity was deployed and ready to be used for the CI/CD necessities of the 
FOR-FREIGHT platform. 

Code Repository 

The code repository serves as a common tool for the various partner developers to share their code with the rest 
of the partners for either collaboration or solution sharing. The tool selected for this purpose is GitLab which 
allows for the creation of a code repository that can be easily accessed by all partners and provides additional 
functionalities required for the project. 
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The first step towards implementing the code repository to answer the requirements placed beforehand is to 
create a group, this will be used to organise various repositories and can have different access restrictions. Since 
the first full drop includes solutions from the three different UCs and the central platform, four repositories were 
created.  

Once the repositories had been created, the various partners were added to GitLab so they could have read 
access. As some partners were responsible for uploading and maintaining the solutions available in the 
repositories, they were given the maintainer role before the solutions were made available in the repositories. 

Additional functionalities that are to be explored include the utilisation of Git repositories in addition to other 
components such as TeamCiǘȅ ŦƻǊ ǘƘŜ Ŏƻƴǘƛƴǳƻǳǎ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ solutions. 

Workflow Engine 

The workflow engine will allow for the manipulation of the workflow in a facilitated manner, thus allowing for 
the chaining of different solvers which will in turn create the E2E multimodal solving processes. 

The tool selected for this component was Node-RED, which has all of the required capabilities listed above. The 
deployment of the Node-RED instance starts with a custom deployment in which a base image is used for 
deployment. Since this deployment is done in a Kubernetes environment, there are additional concerns, 
especially regarding the service exposed during deployment as multiple ports are required for correct Node-RED 
functionality. Once deployed, the workflow engine can now be setup with the flows being defined directly in the 
Node-RED GUI. The implementation process requires information regarding not only the components that will 
be included in the flows but also the expected inputs and outputs as well as the business logic behind the solving 
process. 

Asynchronous Broker 

The Asynchronous Broker serves as an alternate communication method, other than the usual API 
request/response, and for this component the tool used for the first implementation is Kafka. Kafka is a well-
known tool with extensive community support, which facilitated the implementation process. Unlike most other 
components, Kafka needs only a service that will be accessible within the platform through the topics that are 
created for solver-to-solver asynchronous messaging. Once deployed, the broker can have topics created, 
messages can be produced and sent to said topics making them available for other components, solvers will be 
responsible for producing and consuming these messages. 

 

8.4 Demonstration of Solutions 

¢Ƙƛǎ ǎǳōǎŜŎǘƛƻƴΩǎ ǇǳǊǇƻǎŜ ƛǎ ǘƻ ŘƛǎǇƭŀȅ ŀ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ ǎƻƳŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ ŎŜƴǘǊŀƭ Chw-FREIGHT 
platform along with a brief description of their functionality within the platform. As all components have their 
functionality explained in the previous section, and some components cannot be demonstrated further, not all 
components are demonstrated in this section. 

Service Monitoring 

Since the service monitoring component includes both Prometheus, which acts as a monitoring service, and 
Grafana, which allows for visualisation of various metrics collected by Prometheus, two separate dashboards are 
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available for visualisation. tǊƻƳŜǘƘŜǳǎΩ ŘŀǎƘōƻŀǊŘ ŀƭƭƻǿǎ ŦƻǊ ǘƘŜ Ǿƛǎǳŀƭƛsation of the status of the various pods 
that are responsible for collecting the metrics within the cluster.  

 

Figure 8-5: Prometheus Dashboard (Targets) 

Figure 8-5 displays a screenshot of the Prometheus ά¢ŀǊƎŜǘǎέ ǇŀƎŜ. Within it, some of the system pods from the 
cluster are portrayed, and their status can be visualised. Additional information is also available once ǘƘŜ ƭƛǎǘΩǎ 
rows are expanded, such as the endpoint, which can be used for pod access inside the cluster, the labels, which 
include cluster information and when the specific pod was last scraped, meaning when their metrics were last 
collected, additionally, if there are any errors detected they can also be visualised here. 

Although some ǳǎŜŦǳƭ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ŀǾŀƛƭŀōƭŜ ǘƘǊƻǳƎƘ tǊƻƳŜǘƘŜǳǎΩ ŘŀǎƘōƻŀǊŘΣ ǎƻƳŜ ǎǇŜŎƛŦƛŎ ƛƴŦƻǊƳŀǘƛƻƴ is 
better represented in time series graphs or other graphical representations, which is why the Grafana dashboard 
is included in the service monitoring component. In the Grafana dashboard, the same metrics can be organised 
and visualised in different manners. An example of the usefulness of graphical representations of these metrics 
is when considering the hardware utilisation, for example, Central Processing Unit (CPU) and memory. 

 

Figure 8-6: Monitoring Dashboard (Grafana) 
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Having access to this information and visualising it in real time can aid in the preparation of additional resources 
if necessary or identifying current issues. Figure 8-6 displays a screenshot of the monitoring dashboard 
highlighting CPU and memory utilisation, with each colour representing one of the nodes within the cluster. 

Authentication and Authorisation 

With the authentication and authorisation component being handled by Keycloak, it can be accessed 
immediately after deployment through the administration console, which after logging in with the admin 
credentials, it presents a set of options, including the creation of custom realms. 

 

Figure 8-7: Keycloak Administration Page (FOR-FREIGHT realm) 

The options available to the admin are portrayed in Figure 8-7, which presents a screenshot of the administration 
console within the created FOR-FREIGHT realm. In the screenshot there are multiple management options 
related to access control, namely roles and groups, which can be used to set up role-based access control. 
Furthermore, there are also realm settings which include options such as login, email, or theme configurations.  

Once the necessary configurations are completed, and considering the use of Oauth2Proxy, requests made to 
ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ ǎŜǊǾƛŎŜǎ ƻǊ ǎƻƭǾŜǊǎ ǿƛƭƭ ōŜ ǊŜŘƛǊŜŎǘŜŘ ǘƻ Keycloak, which either validates the authorisation token 
sent along with the request or, requests that the user logs in before accessing the requested content. 

 

Figure 8-8: Keycloak Login Page 

This is the intended behaviour for authentication and authorisation, as it allows for a direct access whenever a 
token is sent along the requests made to the platform, and a login first access for user interfaces. Figure 8-8 
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contains a screenshot of the actual login page the user is presented with when attempting access to a protected 
URL. 

Workflow Engine 

To efficiently manage the T&L services' lifecycle and monitor the status of the E2E operations and FOR-FREIGHT 
services, an automation flow-based architecture is introduced. The objective is to create a custom flow-based 
development platform for visually programming the automation flow of the E2E process, integrating the IoT and 
various hardware devices, APIs, and online services. This custom tool, part of the FOR-FREIGHT user interface, 
will offer capabilities to model, create, edit, and modify trial-specific T&L processes, define event-triggering rules, 
and link each flow graph node to relevant IoT devices, legacy systems, solvers, and other services. 

 

Figure 8-9: An example of Node-RED flow. 

Node-RED, an open-source, flow-based development platform, facilitates this by allowing users to create 
applications and automation flows through a visual flowchart-like interface. Nodes represent various functions 
and devices and can be wired together to define logic and interactions. Node-RED simplifies IoT integration with 
nodes for MQTT, HTTP, TCP, and other IoT protocols, and provides a web-based interface accessible from any 
device for remote programming and monitoring. It integrates seamlessly with RESTful APIs, databases, cloud 
services, and more, supporting real-time, event-driven operations. Additionally, Node-RED includes a dashboard 
feature for creating custom web-based dashboards to visualise data and control devices, enhancing the overall 
user experience and operational efficiency. An example of the Node-RED flow for the FOR-FREIGHT is depicted 
in Figure 8-9. 

 

8.5 FOR-FREIGHT Platform User Interface 

The FOR-FREIGHT project aims to enhance the efficiency and cost-effectiveness of multi-modal freight transport. 
This is achieved by developing a cloud-based platform for monitoring, controlling, and managing cargo. The 
platform will facilitate better management of goods and freight flows by optimising multi-modal and multi-
stakeholder logistics processes, improving access to trans-shipment services, and considering economic, 
environmental, and social factors.  

The FOR-FREIGHT GUI will offer tools and dashboards for KPI monitoring and analysis, supporting remote 
monitoring and analysis of services. The FOR-FREIGHT partners and stakeholders will be able to create 










































