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KPA Key Performance Area 
MDM  METRO DE MADRID SA  
ML  Machine Learning  
NAVR  COMPANIA DE NAVIGATIE FLUVIALA ROMANA NAVROM SA  
OBUs  Onboard Units  
PCS  Port Community System  
PCT  Piraeus Container Terminal  
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  
TMS  Transport Management System  
TOS  Terminal Operating System  
TRL  Technological Readiness Level   
UC  UC  
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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Central Data Platform: Build a centralized data platform that serves as the core repository for standardized and 
harmonized data. Implement data warehouses (Data Hub and Data Lake) to efficiently store, process, and 
manage data. Ensure data security and role-based access control. 

Dashboard and User Interfaces: Develop user-friendly dashboards and interfaces for different user roles, such 
as T&L stakeholders, customers, end-users, and administrators. These interfaces should provide features for 
tracking, monitoring, visualization, reporting, and data management. 

Role-Based Access Control: Implement robust role-based access control (RBAC) mechanisms to ensure that users 
have appropriate permissions and access to specific functionalities based on their roles and responsibilities. 

Chatbot for User Interaction: Consider implementing a chatbot for user interaction, which can assist users in 
searching for information, querying the system, and receiving notifications. 

Scalability and Flexibility: Design the architecture to be scalable to accommodate increasing data volumes and 
users. Consider containerization and orchestration tools like Docker and Kubernetes for scalability and flexibility. 

Data Security: Implement robust data security measures, including encryption, access controls, and regular 
security audits, to protect sensitive logistics data. 

Notification System: Create a notification system to inform users about platform updates, changes in logistics 
network status, and other relevant information. 

Profile and Account Management: Provide users with the ability to manage their profiles, reset passwords, and 
configure account settings. 

Incident Reporting: Implement a mechanism for users to report logistics incidents, with admin approval for 
accuracy. 

Documentation and Training: Develop comprehensive documentation and provide training resources for users 
and administrators to ensure efficient use of the platform. 

Testing and Quality Assurance: Implement thorough testing, including unit testing, integration testing, and user 
acceptance testing, to ensure the platform's reliability and accuracy. 

Collaboration: Foster collaboration among project partners and stakeholders throughout the implementation 
process to gather feedback and make necessary improvements. 

Monitoring and Maintenance: Establish monitoring tools and practices to continuously monitor the platform's 
performance, detect issues, and perform regular maintenance and updates. 
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4 Development planning and coordination framework 
This section describes the methodology that will be used during the FOR-FREIGHT development at the three trial 
sites (Valencia, Athens, and Galati). This includes the common implementation cycle, knowledge exchange 
sharing practices and the tools and platforms for enabling such. These are defined to ensure the proper 
development, the integration points for each site facility, the tools used to monitor and report the development 
processes as well as the general guidelines for the integration to be successfully completed and the trials to be 
executed in WP3. 

4.1 Common implementation cycles 
4.1.1 Adaptation of requirements in WP1 to specific trial site 

This phase of the project is crucial for customizing the initial requirements outlined in Work Package 1 (WP1) to 
suit the unique characteristics and needs of each trial site. It involves a careful adjustment of both the software 
and hardware platforms to ensure they align with the specific environmental conditions, technological 
infrastructure, and user requirements of the site. This tailored approach is not merely about integrating 
technology; it is about ensuring that every aspect of the project resonates with the operational realities and 
expectations of the users at each site. 

Central to this phase is the adherence to common implementation cycles, which are vital for maintaining 
consistency and coherence across different sites. These cycles include stages such as prototyping, where 
preliminary models of the solution are developed; testing, to rigorously evaluate functionality and reliability; 
upgrading, for systematic incorporation of improvements; and verifying, to confirm that the solutions meet all 
requirements. 

By following these cycles, the project aims to maintain a balance between standardization and the flexibility to 
adapt to site-specific challenges. This approach helps to minimize deviations from the overall project plan, 
ensuring that each site's implementation is both consistent with the project's goals and responsive to the unique 
environment of the trial site. The focus is on achieving an optimal integration of the project's solutions into each 
site, enhancing their functionality and value to the users and stakeholders. 

4.1.2 Trial site design 

In this phase, the trial site's overall design was developed, encompassing necessary communication 
infrastructure, hardware components and software systems.  

4.1.3 Component development 

Individual hardware and software elements are created based on the design specifications. The software 
developers are writing code, and hardware engineers are assembling and configuring the physical components 
according to the specific trial site requirements. 

4.1.4  Integration and testing 

All the developed components, both hardware and software, are brought together and we ensure they function 
correctly as a unified system. Extensive testing will be conducted to identify and address compatibility issues, 
bugs, and performance bottlenecks. 

4.1.5 Optimization and refinement 

These are carried out to enhance the performance, usability, and efficiency of the platform in relation to each 
trial site. Each trial site has unique requirements and depending on the needs of each application, resources will 
be distributed to match the demand in each case. Dynamic resource allocation will be considered.  
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4.1.6 Validation 

Validation will be the critical step of comparing the implemented FOR-FREIGHT platform against the initial 
requirements and goals to ensure that it performs as expected. This phase will confirm if the platform meets its 
intended purpose and satisfies user needs. 

4.1.7  Documentation 

It is important to create comprehensive records of the entire development, including technical specifications, 
user manuals, system architecture diagrams, and any other relevant information. These documents will serve as 
valuable resources for WP3 and 4. 

4.1.8 Deployment 

In this phase the hardware components will be installed at the designated trial sites and the software 
components will be deployed on the servers and devices, making the system ready for trialling.  

4.2 Knowledge exchange practices 
4.2.1 Knowledge sharing practices 

Knowledge sharing practices are very important for a successful software and hardware platform. They facilitate 
effective communication, collaboration, and the transfer of expertise among team members, stakeholders, and 
users. In the following subsection we review knowledge sharing practices that are enabled within the FOR-
FREIGHT project. 

4.2.1.1 Documentation 

For the success of the project and the collaboration between the trials, it is essential to have comprehensive and 
well-organized documentation. There are two types of documentation envisioned. The first one is related to 
technical specifications, design documents, guidelines, and other relevant material, including the internal 
documents that will become in the end part of submitted deliverables. These are hosted in the FOR-FREIGHT 
SharePoint[1] and illustrated in Figure 4-1. 

 

 
Figure 4-1: FOR-FREIGHT SharePoint site 
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The second is related to API documentation, for the components that expose APIs. If the APIs are REST-based, 
the documentation will take the form of a Swagger/OpenAPI[2] specification or a Postman[3] collection. An 
example of an API definition for a solver can be seen in Figure 4-2. 

 
Figure 4-2: API definition in Swagger 

 

4.2.1.2 Version Control and Collaboration Tools 

Version control systems such as Git enable teams to collaboratively work on code while maintaining a history of 
changes. Collaboration platforms like GitHub or GitLab provide tools for code review, issue tracking, and 
discussion, which are important for communication and knowledge exchange in the context of the software 
development in FOR-FREIGHT.  

It is worthwhile to mention that some partners may opt for a closed internal development and only make 
available an image of the component/application they are developing. As such, this does not apply for these 
partners. 

4.2.1.3 Knowledge Transfer Sessions 

We consider important to organize sessions where team members of different partners share their expertise, 
insights, and experiences from the development. These so-called knowledge transfer sessions are envisioned to 
be mostly in the form of (online) workshops, focusing on specific technologies, design issues, or troubleshooting 
techniques. These sessions do not focus just on exchange of ideas but on practical demonstration of certain 
technical solutions or aspects.  

4.2.1.4 Internal Wikis and Knowledge Bases 

We consider creating internal wikis or knowledge bases where team members can contribute tutorials, and how-
to guides. This can be important when a new team member from a partner joins the project and addressing 
common challenges. Alternative to the knowledge base, a well written README file of a component/application 
can be used, but it might be more difficult to maintain consistency between partners. 

4.2.1.5 Regular Meetings 

Weekly meetings are set in place where team members discuss their progress, challenges, and plans. This 
provides a platform for sharing updates and seeking help when needed. The meetings take place every Thursday. 
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4.3 Monitoring development processes methodology 
The methodology consists of a series of simple steps to take to ensure that the development process runs 
smoothly. We outline them below: 

4.3.1 Tool selection 

Appropriate tools and platforms that enable effective monitoring and reporting have been chosen. As mentioned 
in Section 4.2 we have opted to use version control systems as well as continuous integration/continuous 
delivery (CI/CD) pipelines. Within Task 2.5 we have considered a series of components and tools for sharing code 
and enabling the central platform components. These are outlined in Table 4-1. 

 
Table 4-1: Selection of tools for development process 

Procedure Tool 

Continuous integration/Continuous delivery (CI/CD) TeamCity 

Code Repository/Version Control System GitLab Community Edition 

Solver Registry/Repository DockerHub/Portainer 

Bug reporting GitLab issue tracker 

 

4.3.2 Monitoring points 

We have preliminarily identified specific checkpoints and stages in the development process where monitoring 
will take place. These roughly correspond to common phases in the implementation cycle outlined in Section 
4.1.  

4.3.3 CI and testing 

We are implementing CI/CD pipelines to ensure that code changes are integrated and tested regularly. In parallel 
we will define automated testing sequences that will help catch errors and issues early, minimizing their impact 
on the overall development timeline.  

4.3.4 Reporting 

We mandate regular reports on the development progress, highlighting key metrics, passed checkpoints (see 
Section 4.3.2), and any identified challenges. These reports provide partners with a clear overview of the 
development process, and they are discussed during the regular WP2 telcos. 

4.3.5 Risk identification and management 

Risk identification and management are critical components of WP2 planning and execution. We are following 
the same principles as the ones in WP2/Task 6.3 and maintaining a risk management registry at the level of WP2.  

4.3.6 Communication and collaboration 

There is open communication among team members. We hold regular meetings, as well as special Coordination 
Development and Implementation meetings to ensure a smooth implementation of what is going to be 
developed in the context of FOR-FREIGHT. This gives ample opportunities to discuss progress, roadblocks, and 
necessary adjustments. 
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The integration also helps in streamlining operations and combining data from various sources/legacy systems, 
such as mixing DUTs, CODECOS or COARRIS extracted from ValenciaportPCS and IRIS4 and SGI, improving the 
communication and cooperation among stakeholders and reducing information silos. 

 

5.3.2 HW deployment and SW development 

This section provides an in-depth analysis of the tools that will be employed within the scope of the Spanish UC. 
We will emphasize the essential tools and outline a structured methodology for their deployment in well-defined 
cycles. Detailed information regarding the hardware (HW) and software (SW) components engaged in the 
Spanish UC is presented, alongside a description of the corresponding implementation phases. 

The aspect of hardware deployment is going to be focused on the use of IoT devices for traceability. Through the 
strategic placement and utilization of IoT devices and QR codes, the aim is to establish a comprehensive network 
that facilitates seamless data exchange, real-time monitoring, and effective decision-making processes 
throughout the Spanish UC. 

Regarding these IoT devices, to ensure tracking along the stages Port-Warehouse and Warehouse-Depot is 
covered sufficiently, Galileo-enabled IoT tracking devices with 5G coverage will be installed in trucks for a 
considerable period (i.e., 1 month) in pre-selected routes. The devices will transmit position information in real-
time (the frequency to be defined) that will also be stored for the purposes of further analyses (feeding the digital 
twins of the pilot) and results evaluation. 

Additionally, in the final stages of the Spanish UC, QR codes read by mobile phones provide the most 
straightforward method for integrating FOR-FREIGHT into the existing logistics procedures. The QR codes will be 
readable through a software application installed in the mobile phones that will be specifically adapted for the 
requirements of the UC. QRs codes will contain the information with which parcels can be tracked by reading 
the parcels via Galileo-enabled mobile phones with 5G coverage. Also, individual parcels will have labels 
containing the address (final Metro station) to which the parcel should be sent. According to this destination, 
the parcel must be placed in a roller cage that only contains parcels with the same destination. Each parcel will 
be scanned when picked up by the warehouse operator (DHL WMS) and so will the roller cage QR (FOR-FREIGHT 
QR). This way parcels are connected to the roller cage. When considering the number of phones for performing 
the physical pilot of Metro de Madrid scenario, initially 3 mobile phones would be required: 

- One for the DHL person working in the warehouse and loading the parcels in the roller cages. 
- One for the DHL person driving the van to Metro Depot, unloading it, and loading the roller cages into 

the trains. 
- One for the DHL person waiting at Metro Station, unloading the roller cages from the train, and setting 

the parcels in the lockers. 

QR are stacked to the roller cages. That QR must be connected to the destination that will be reached that day 
when loaded with parcels. As we see it, this could be done by the warehouse operator when starting loading 
with parcels the roller cage. They will scan the QR code and select in the system the final station that is assigned. 
The system will automatically (real-time) have the information of the Metro Line that the station belongs to and 
the Metro Depot to which the roller cages should be driven. The QRs will be read at different checkpoints in the 
process: when loaded in the van; when unloaded from the van at Metro Depot; when loaded on the Metro Train; 
and when unloaded at the final Metro destination. 

At present, it's important to note that there isn't a definitive specification provided for the models of mobile 
phones or QR code requirements due to the ongoing developmental stage of the project. The details regarding 
the models of mobile devices and the exact specifications for QR codes have not been finalized as the project is 
still in its early stages. These details will be determined in subsequent phases of the project once a more 
comprehensive assessment and evaluation of the technical options have been conducted. 
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Figure 5-4: Architecture of FOR-FREIGHT platform for the Spanish UC focused on the solutions directly involved in tracking and 

digitalisation of processes. 

 

To reflect the first drop of solutions, the technologies used in the development of the early drop solvers, as well 
as the different steps followed, have been documented.  

The issue of reducing the carbon footprint during the freight/goods transport led to solver ES_05 predict the CO2 
footprint to carry a freight from A to B, thus responding to the needs of the users (in the Spanish UC: CSLS, DHL 
and MDM) of make informed decisions about the environmental impact of their travel choices and choose more 
sustainable transportation options/means/routes.  

The work done started with the study of the CO2 algorithm of PLANET project[4]. This solver took as initial basis 
the logics and methods developed in the PLANET project code to calculate the CO2 associated with certain A-B 
trips. Then, the solver proceeded with the exploration of the OSRM API (Figure 5-5), which yielded a 
comprehensive understanding of its capabilities and limitations of route calculations. In parallel, it has been 
refined the CO2 calculation formulas enhancing their accuracy and adaptability. 
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Figure 5-5: Solver ES_05 OSRM route calculation 

The work also includes the development of the API skeleton for the solver ES_05 using Python and Flask. This API 
also provides a Swagger interface for testing purposes. The conversion of PLANET code into API functions 
streamlined integration, and address-based coordinate calculation received significant improvements. Functions 
to calculate kg CO2/kg load for different modes of transport were developed, facilitating the identification of 
environmentally friendly transportation options. A function has been developed to identify the appropriate 
Metro de Madrid depot, alongside another function to calculate the distance traveled by the metro from the 
depot to the final station. 

The initial output of this solver will provide the CO2 footprint information that will help users make informed 
decisions about transportation options, based on their emissions. Hence, the solver will provide a list of tuples 
consisting of the identifier of the route followed from A to B and the value of kg of CO2 per kg of load that would 
be emitted using that route. This output will undergo testing and updating to provide valuable information to 
other Spanish UC solvers in the upcoming stages, particularly during the E2E route planning (ES_12 and ES_13) 
before and during the trip. Specifically, this information will encompass details related to CO2 emissions, ensuring 
that subsequent solvers benefit from accurate and updated data. 

For this early drop, solver ES_05 will have certain technologies involved and this first version is going to be 
developed mainly with them:  

1. REST: 
REST stands for Representational State Transfer. It is an architectural style for designing web services. 
RESTful web services use HTTP methods to access and manipulate resources. The most common HTTP 
methods used in RESTful web services are GET, POST, PUT, and DELETE. We build our solvers 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 (Figure 5-6). 
 



D2.1 FOR-FREIGHT multimodal transport solutions - Early drop 

© FOR-FREIGHT, 2023  Page | 40  

 
Figure 5-6: Extract of solver ES_05 Flask code 

 

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. We use it as a routing service to obtain the distance and the estimated duration 
of segments traversed by road of the total journey. 

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. 

It is worth noting that the viability of using other technologies is still being analyzed and studied to opt for those 
that provide a better response to the needs of this solver. Specifically, different route calculation services such 
as Google Maps, GraphHopper or Openrouteservice have been studied and tested as an alternative to the one 
that will be used for the early drop. 

For solver ES_08 we used a polynomial regression model of the second degree. There was not a testing method 
used but rather training occurs using the normal solution which is the global minimum. Evaluation was 
performed by looking at the predicted values of the model. The first degree showed heavy underfitting while the 
third degree reached exponentials going in the hundreds hence why the second degree was chosen. 

As the initial data used was simulated based on datasets developed by MdM and DHL, the first results are 
expected to indicate randomness with expected improvement as we move on obtaining historical data and/or 
improving the simulation parameters. 

The dataset used for the model is shown in Figure 5-7. We're assuming the 31 days represent the days of a 
fictitious month and take the first 7 days as a feature each. The model is then supposed to predict what the 
number of parcels on the eighth day is going to be. By doing that for all the stations of the line we used, we're 
able to collect 264 data samples. 
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Figure 5-7: Dataset generation method for solver ES_08 

 

The prediction of the model that was initially created is shown in Figure 5-8. The prediction starts after 7 days, 
as it requires 7 days of history before it can make a prediction (cfr. Figure 5-7). The x axis represents the days 
(chronological axis) while the y axis represents the number of parcels that the model interprets will be delivered 
each day. 

 

 
Figure 5-8: Initial model prediction for solver ES_08 







D2.1 FOR-FREIGHT multimodal transport solutions - Early drop 

© FOR-FREIGHT, 2023  Page | 44  

Reduction by >15% on 
ITU/container dwell time 
in port 

Digital twin and DSS to forecast resources requirements. 

Digital twin and DSS for the optimization/adjustment of resource allocation 
planning. 

Data analytics and predictive modelling/analytics to forecast container arrivals 
and departures within port. 

Reduction by >15% on 
GHG emissions 

Digital twin and DSS for the optimization/adjustment of resource allocation 
planning. 

Predictive modelling/analytics for the reduction of costs (from A to B). 

Predictive modelling/analytics for the reduction of time (from A to B). 

Predictive modelling/analytics for the reduction of GHG emissions (from A to B). 

Transport order 
digitalisation through 
Blockchain 

Digitalisation and automation of processes. 

Real cargo visibility and monitoring along the T&L actors. 

Collaboration and information sharing. 

Reduction by >12% on 
current operational cost 

Digital twin and DSS to forecast resources requirements. 

Digital twin and DSS for the optimization/adjustment of resource allocation 
planning. 

Predictive modelling/analytics for the reduction of costs (from A to B). 

Predictive modelling/analytics for the reduction of time (from A to B). 

Predictive modelling/analytics for the reduction of GHG emissions (from A to B). 

Reduction by 10% on 
missed deliveries 

Digitalisation and automation of processes. 

Real cargo visibility and monitoring along the T&L actors. 

Collaboration and information sharing. 

Reduction of operational 
costs by >12% on number 
of vehicles required for 
last-mile delivery 

Predictive modelling/analytics to forecast parcel demand. 

Real cargo visibility and monitoring along the T&L actors. 

Collaboration and information sharing. 

Reduction of external 
costs by >80% on 
reducing GHG emissions 

Digital twin and DSS for the optimization/adjustment of resource allocation 
planning. 

Predictive modelling/analytics for the reduction of costs (from A to B). 

Predictive modelling/analytics for the reduction of time (from A to B). 
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Predictive modelling/analytics for the reduction of GHG emissions (from A to B). 

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

Digital twin and DSS for the optimization/adjustment of resource allocation 
planning. 

Predictive modelling/analytics for the reduction of costs (from A to B). 

Predictive modelling/analytics for the reduction of time (from A to B). 

Predictive modelling/analytics for the reduction of GHG emissions (from A to B). 

Reduction of transport 
times by >10% through 
average urban delivery 
times for the average 
number of units in one 
vehicle 

Digital twin and DSS for the optimization/adjustment of resource allocation 
planning. 

Predictive modelling/analytics for the reduction of costs (from A to B).  

Predictive modelling/analytics for the reduction of time (from A to B). 

Predictive modelling/analytics for the reduction of GHG emissions (from A to B). 

 

5.5 Expected impact overview 
This section will examine the relationship between KPIs and KPAs in detail, highlighting the wider implications 
and potential beneficiaries of the solutions that are closely linked to the KPIs within the Spanish UC. To enhance 
understanding, a structured framework matched to each set of KPIs, is used in the form of visual representations. 
Each graph is accompanied by a comprehensive analysis that reveals the associated KPAs and breaks down their 
far-reaching impacts. It also identifies the potential beneficiaries who are expected to benefit from this set of 
KPIs. 

 

 
Figure 5-9: Microarchitecture, consequential impacts and potential business beneficiaries of the "Improve forecast planning" KPIs 

cluster 
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Figure 5-10: Microarchitecture, consequential impacts and potential business beneficiaries of the "Reduce container staying at the port" 

KPIs cluster 

 

 
Figure 5-11: Microarchitecture, consequential impacts and potential business beneficiaries of the "Reduce GHG emissions" KPI 
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Figure 5-12: Microarchitecture, consequential impacts, and potential business beneficiaries of the "Transport Orders digitalisation" KPI 

 

 
Figure 5-13: Microarchitecture, consequential impacts, and potential business beneficiaries of the "Reduction of Operational Costs" KPIs 

cluster 
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Figure 5-18: Solution 2 of the Spanish UC 

 

 

 
Figure 5-19: Solution 4 of the Spanish UC 

 

 
Figure 5-20: Solution 5 of the Spanish UC 

 

 
Figure 5-21: Solution 6 of the Spanish UC 
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Figure 5-22: Solution 7 of the Spanish UC 

 

 
Figure 5-23: Solution 8 of the Spanish UC 

 

 

 
Figure 5-24: Solution 9 of the Spanish UC 
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Figure 5-25: Solution 10 of the Spanish UC 

 

5.7 Risk assessment 
Through the analysis carried out in deliverables such as D1.3, the potential risks faced and likely to arise during 
the development of the Spanish trial site have been identified following the risk methodology established in the 
D6.1, assessing their level of risk, potential likeliness of happening and their impact, accompanied by their risk 
mitigation measures. This section assesses these identified risks, acknowledging their significance concerning the 
Spanish trial site objectives. A strategic framework for mitigating risk is outlined, ensuring that the Spanish trial 
site remains robust and consistent on its execution. 

Table 5-3 details the identified risks and their corresponding measures to mitigate them: 

 

Table 5-3: Spanish UC risk analysis and mitigation strategies 

System 
group 

Risk 
identification Risk analysis Risk 

assessment Mitigation strategies 

Legacy 
systems 

Data 
integration of 
FV, CSLS and 
DHL systems 

Integration of data 
ValenciaportPCS, global and local 
internal systems of CSLS or DHL's 
Transportation Management 
System (TMS) and Warehouse 
Management System (WMS) 
introduces the prospect of 
incompatibilities. 

 

M 

Clearly defining the parameters 
of data anonymization and 
filtration to ensure proper and 
safe integration. 

Conduct a comprehensive 
analysis of the data structures, 
formats, and schemas used in 
the legacy systems. 

Definition of the levels of 
anonymization and filtering of 
the data. Definition of the time 
scope and specific areas of 
historical data to be integrated. 

Implement data cleansing and 
validation processes to identify 
and rectify data quality issues in 
the legacy systems. 
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PM sensor (10, 2.5, 
1) 

Temperature, 
humidity, and 
pressure sensor 

WiFi (IEEE 
802.11b/g/n/e/i) 

Supported 
protocols: ARP, 
CCMP, IP, UDP, TCP, 
DHCP, DNS, HTTP, 
HTTPS, MQTT 

Weatherproof 
(standard) UL 746 C 

Installation in 
trial site at 
Galati 

To have 
the 
equipmen
t installed 
in for 
collecting 
data in the 
Galati 
node 

27-Nov-
23 

Impact resistance: 
IK08 

6600 mA·h 
rechargeable 
battery 

Solar panel with 3W 
max power.  

Verification of 
connectivity 

The 
integratio
n with the 
backend 
should be 
automate
d, but 
these 
need to be 
checked.  

27-Nov-
23 

Adcon 
Weather 
station 

Wind speed sensor sensor 
data  

mobile 
messag
e 

HTTP 
frame 

Wind direction 
sensor 

Barometric 
pressure sensor 

Rain Gauge 

Combisensor 
(Temperature/Hum
idity) 

Equipment 
fully installed 

The 
equipmen
t is 
functional, 
and data is 
being 
collected 
with 
success 

27-Nov-
23 

IP-67/IP-65 

WMO-compliant 
weather recording 

2G/3G or 4G/LTE 
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Table 6-2: List of solvers to be implemented in the early drop 

Solver name  Description Implementation phases Objective  Date 

RO_01 Predict the arrival 
time of container 
ship at Port of Galati 

IoT data platform integration Integrate all 
traffic flow from 
new installed 
IoT devices 
under one node 

27-Dec-23 

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

Integration with legacy 
systems  

Integrate the IoT 
node with the 
data collected 
by legacy 
systems 

04-Dec-23 

RO_03 Predict the total stay 
duration of the cargo 
at Port of Galati, from 
the moment of vessel 
arrival until its 
departure from this 
port.  
This includes 
dwelling time and 
service time 
(tugboat, pilot, 
unloading, custom 
clearance, in-port 
warehouse storage, 
etc.). 

Training of decision models 
based on collected datasets 

Train the 
decision models 
using historical 
data from legacy 
systems, and 
historical data 
from IoT devices 

11-Dec-23 

RO_10 Real-time tracking 
(update coordinates) 
of container 

 

6.3.3 Testing and updating 

The solutions developed under the FOR-FREIGHT project will adhere to a Continuous Integration/Continuous 
Deployment (CI/CD) cycle of development, ensuring continuous enhancement and optimization throughout 
the development and trialling phases detailed in Work Package 3 (WP3). This iterative process promotes a 
dynamic and responsive development environment, allowing for regular updates and immediate 
rectification of issues as they arise. 

The main tests that will be performed to validate that the applications meet their designated requirements 
are as follows: 

-          Technical viability test (to ensure that no data integration problems, or technical bugs that render 
the applications faulty appear) 



D2.1 FOR-FREIGHT multimodal transport solutions - Early drop 

© FOR-FREIGHT, 2023  Page | 60  

-          Performance test (to ensure that the applications produce appropriate results in the context of the 
solutions that they aim to provide) 
-          Trialling activities 

Regarding AI systems development, initial training will be conducted using the data that is currently 
available. This foundation will enable the AI to begin learning and adapting to the project's needs. However, 
to maintain the relevancy and improve the accuracy of the AI systems, continuous data collection will be 
implemented throughout the WP2 period. This ongoing data collection may lead to retraining the AI with 
updated datasets, ensuring that the applications evolve and improve in line with the new information and 
remain aligned with the FOR-FREIGHT project's goals. 

This structured approach to development, testing, and retraining ensures that the FOR-FREIGHT project's 
solutions are robust, efficient, and the defined requirements and objectives.  

 
Figure 6-2: The architecture of FOR-FREIGHT platform for the RO_UC focused on the solutions directly involved in the prediction of 

container arrival and stay times 

 

6.4 Solutions suitability analysis 

To accurately measure the suitability and effectiveness of each solution developed within the Romanian UC, 
we will align specific KPIs with specific solutions to be developed. 

. These KPIs are vital as they provide quantifiable metrics that will reflect the performance and benefits of 
each solution. For assessment purposes, we will utilize historical data to establish a performance baseline 
for the current applications within the Transport & Logistics (T&L) lines. This benchmarking will enable us to 
clearly demonstrate the enhancements brought about by the newly implemented solutions. By comparing 
the existing applications' impact against the new solutions, we will be able to draw tangible conclusions 
about the advancements and value-additions of our efforts. 
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Suggestion for allocation of resources based on data analytics 

Reduction of container idle time by 
20% 

Digital twin for T&L resources for ships, port and trains and 
environmental conditions among the T&L lines. 

Predictive modelling for container time in port 
Suggestion for allocation of resources based on data analytics 

Reduction of GHG emissions by 15% 

Digital twin for T&L resources for ships, port and trains and 
environmental conditions among the T&L lines. 

Suggestion for allocation of resources based on data analytics 

80% Document digitalization Digitalization of information and procedures 

 

6.5 Expected impact overview 
This section examines how Key Performance Indicators (KPIs) are applied in practice in the Romanian UC 
framework. A key example is the improvement of ship arrival time predictions at the port of Galati, which is done 
by integrating weather station data with IoT solutions, thus optimizing end-to-end capacity and resource 
utilization. This improvement simplifies shipping operations, especially in loading/unloading processes, through 
real-time vessel positioning. Furthermore, the project focuses on the development of an integrated and 
interoperable multimodal freight transport model, especially for transshipments from port to rail, which is an 
important achievement in the Romanian context. This involves integrating various systems and authorities in the 
river-port transshipment process, fostering collaborative efforts among Romanian teams to develop a transport 
model for logistics stakeholders, aiming to enhance the efficiency of multimodal freight transportation 
significantly. The expected impact for all KPIs defined in the RO_UC is illustrated in the figures below.  

 
Figure 6-3: Impact of the end-to-end capacity KPI 
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Figure 6-4: Impact of KPIs related to reduction of container time in the port 

 
Figure 6-5: Impact of KPIs related to reduction of operational errors and accidents 
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Figure 6-8: General time plan of all solutions in the Romanian UC 

 

 

Solvers RO_01, RO_02, RO_03 and RO_10 are planned to be implemented in the 1st Drop. Solvers RO_04, RO_05, 
RO_06, RO_07, RO_08, RO_09 are planned to be implemented for the 2nd Drop. All the solutions will be refined 
and fine-tuned for the Final Drop.  

 
Figure 6-9: Time plan for solution 1 of the RO_UC 
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Figure 6-10: Time plan for solution 2 of the RO_UC 

 
Figure 6-11: Time plan for solution 3 of the RO_UC 

 
Figure 6-12: Time plan for solution 4 of the RO_UC 
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commercial 
product, will do so 
with no 
consultation and 
can brake current 
integrations 

Connectivity issues M Integrations of 
existing software 
might prove 
difficult, especially if 
it was designed with 
no API 

Consider the use of 
technologies such 
as we crawlers for 
integration 

HW Systems Damage to equipment 
due to outside 
intervention 

M Equipment installed 
in the trial site can 
be stolen or 
damaged either by 
individuals, or 
environmental 
events 

Prepare backup 
equipment to be 
deployed in case 
current systems 
installed get 
damaged 

Wear and tear of 
environmental sensors 

L Most 
environmental 
sensors have a 
limited use time 
that can span from 6 
month to a couple 
of years 

Have backup 
sensors prepared to 
replace the current 
ones if 
measurements 
start to drift 

the parameters 
measured are not 
accurate enough for the 
relevant systems 

L The sensors 
implemented might 
not provide data of 
high enough quality 
for AI systems 

Explore various 
architectures to 
match the data 
collected  

SW Systems Too low quality for 
datasets 

M The current 
datasets might be of 
too low quality for 
the creation of 
viable solutions 

Continuously 
gather data for the 
creation of new 
datasets.  
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Figure 7-1: Event-based representation of the T&L line for the GR_UC 

 

7.3.1 Integration of systems 

The integration process encompasses a wide spectrum of systems within the entire T&L line (as depicted in Figure 
7-1). In the segments spanning from a-c, the primary systems at play are derived from COSCO's legacy systems, 
which play a crucial role. Moving on to the d-m segments, this zone involves systems such as On-Board Units 
(OBUs) and an array of sensors, including Infrared (IR) distance and Ultrasonic sensors. Finally, the n-r section of 
the T&L line incorporates Goldair's Warehouse Management Systems (WMS). All of these systems are linked by 
a central management node, which is the key component for the subsequent integration with the platform. A 
more graphical representation of how the communication and interconnection between the legacy systems 
occurs can be found in Figure 7.2. 

 
Figure 7-2: Integration plan for the GR_UC 
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 Ethernet 
(10/100Mbps 
Ethernet 
Connectivity 
for internet 
connectivity 
or connection 
with another 
device)  

RS485 (UART 
over RS485)  

USB 2.0   

Up and running 
system 

Fully 
operational 
system 

Nov 23  

IR distance 
sensors 

Ultrasonic 
sensors  

 

Table 7-2: Summary of the Parking sensor characteristics to be utilized in the GR_UC 

Module 
name  Capabilities Input Output Message format 

Implem
entatio
n 
phases 

Objective Date  

Parking 
sensors 

(Digital 
magnetic 
sensor) 

Range ±50 
gauss 

 
Senso
r 
based 
data 

Text 
(Historical 
data, 
Notifications
/Alerts, 
Measuremen
ts/Timestam
ps) 

JSON 

Installati
on of 
Parking 
sensors 

Successful 
installation of 
parking sensors 
on the GOLDAIR 
premises 

Nov 
23 

Sensitivity 
1.5 mgauss  

Supported 
Connectivity 
(LoRa, NB-
IOT, GPRS, 
4G, 5G) 

Battery 
voltage: 3.7V 

Total Battery 
Capacity: 
14400 mAh 

Expected 
battery life: 
More than 5 

Connect
ion of 
the 

Successful 
communication 
of the parking 

Nov 
23 
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years (30 
parking 
sessions per 
day) 

parking 
sensors 
to the 
platfor
m 

sensors to the 
WINGSpark 
platform 

Startup 
time: 2min 

Flash 
memory 
size: 4 Mbits 

Remote 
Devise 
Reset: Yes 

Remote 
Device Stop: 
Yes 

Remote 
Firmware 
Update: Yes 

Device 
calibration: 
Remote 

Up and 
running 
system 

Fully operational 
system 

Nov 
23 

Recommend
ed Storage 
temperature
: +30°C 

Operating 
Temperatur
e: Min: -40°C 
Max: +85°C 

 

Table 7-3: Summary of the SW components (Solvers) which are going to be implemented in the GR_UC for the first drop of solutions 

Solver name  Description Implementation 
phases Objective Date  

GR_04 

Predict the total 
stay duration of 
the freight/parcel 
at GoldAir 
Warehouse, from 
the moment of 

Acquisition of the 
required historical 
data by GOLDAIR 
and smooth 
operation of the 
involved systems 

Collection of 
historical data, 
Operational 
systems (Parking 
sensors, OBUs) 

 Nov 23 
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historical and 
collected data 

Results evaluation 
Consistent 
results with the 
described targets  Dec 23 

GR_21 

Real-time tracking 
(update 
coordinates) of 
container 

Analysis of the 
technical 
characteristics of the 
truck provided by 
COSCO and smooth 
operation of the 
involved systems 
(OBUs)  

Collection of data 
by operational 
systems (OBUs), 
by third party 
applications 
(Weather 
conditions, 
congestion 
status), detailed 
analysis of 
technical 
characteristics.  Nov 23 

System training 

Train the system 
properly 
according to the 
historical and 
collected data  Nov 23 

Results evaluation 
Consistent 
results with the 
described targets  Nov 23 

 

7.3.3 Testing and updating 

The high-level architecture design of the SW elements concerns a crucial aspect of solutions design, involving a 
detailed examination of the internal structures and interactions within a given framework. This examination aims 
to provide a better understanding of the inner workings of HW/SW and legacy systems and highlight the 
significance of these microarchitecture components in the creation of the related solutions. In our design 
approach, the envisioned service layer is placed on top with the described solutions which are directly involved 
in the warehouse operations, in the entire T&L line, and in the reduction of GHG emissions (). The solvers for 
each case, named according to IMEC's list, are situated in the middle layer. The bottom layers are dedicated to 
the data ingestion (highlighted with purple color) and the End-devices ones. This arrangement emphasizes the 
thoughtful organization of elements within the microarchitecture, with the goal of enhancing the overall 
system's efficiency and effectiveness. 
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Figure 7-3: The architecture of FOR-FREIGHT platform for the GR_UC focused on the solutions directly involved in the optimization of 

warehouse processes. 

 

 
Figure 7-4: The architecture of FOR-FREIGHT platform for the GR_UC focused on the solutions directly involved in the optimization of 

the entire T&L line. 
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Table 7-4: Anticipated KPIs for the Greek UC with the related solution components 

KPIs Solution components Solution description 

Reduction by 25% of 
container idle time at the 
port  

Utilization of data analytics and 
predictive modelling to 
forecast container arrivals, 
departures, and handling 
requirements. 

Based on historical data and 
real-time events from the T&L 
line at the port, we predict the 
cargo ETA and the estimated 
time of departure of the truck 
from the port.  

Reduction by 25% of 
container idle time at the 
airport  

Utilization of data analytics and 
predictive modelling to 
forecast container arrivals, 
departures, and handling 
requirements. 

Based on historical data and 
real-time events from the T&L 
line at the airport, We predict 
the cargo ETA and the 
estimated time of departure of 
the truck from the airport.  

Predictive analytics for the 
optimization of resource 
allocation. 

Make an efficient resource 
allocation plan in accordance 
with the real-time data and the 
historical ones. 

 
Efficient slot booking. 

Based on real-time data and 
model predictions, we suggest 
to the users that they plan the 
unloading in the most 
convenient time slot. 

Automated container handling. Priority Handling for Time-
Critical Cargo. 

Collaboration and information 
sharing. 

The system having considered 
information from different 
sources improves productivity, 
decision-making and 
monitoring within the T&L line. 

Reduction by 20% of the 
customs clearance 
process time     
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Figure 7-14: Timeline for the Greek solver development 

For further elaboration, the following illustrations represent the description of each proposed solution (left box), 
the prerequisites for the satisfaction of solutions (Central box), the expected date of completion for each solution 
entity (right box). 

 

 
Figure 7-15: The representation of solution 1 of the GR_UC 

 
Figure 7-16: The representation of solution 2 of the GR_UC 




























