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ABS ALLBESMART LDA
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AES Advanced Encryption Standard
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AJAX Asynchronous JavaScript and XML
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AODB
API
ATG
BAPLIE
BEIA
BMS
CERTH
COARRI
COEL
COPRAR
CPS
CPU
CSLS
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D

DHL
DSS
DUT
E2E
EBOS
EDI
EDIFACT
EF
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EO

ETA

EU
euRIS
FR

FV

FVP

GA
GHG
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Airport Operational Database

Application Programming Interfaces

ASOCIATIA TEHNORM@ALATI

Bay Plan Including Empties message

BEIACONSULT INTERNATIONAL SRL

Building Management Systems

CENTRE FOR RESEARCH & TECHNOLOGY HELLAS
Container discharge/loading report message

COSCO SHIPPING LINES (GREECE)ANONYMI ETAIREIA
Container PréArrival message

CyberPhysical Systems

Central Processing Unit

COSCO SHIPPING LINES SPAIN SA

Cascading Style Sheets
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DHL EXEL SUPPLY CHAIN SPAIN SL

Decision Support System

Unified Transport Document

Endto-End

eBOS TECHNOLOGIES LIMITED

Electronic Data Interchange

Electronic Data Interchange for Administration, Commerce and Transport
Emission Factor

Expected impact

Expected outcome

Estimated Time oArrival

European Union

European River Information Services

Functional Requirement
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Grant Agreement

Greenhouse Gas
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GOLD
HIT
HTML
HTTP
IATA
ICT
IMEC
IMO
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ITS
JSON
KPI
KPA
MDM
ML
MQTT
NAVR
OBUs
PCS
PCT
PCDP
PortCDM
QR
RBAC
RORIS
RTSP
SCADA
SFTP
SotA
SQL

T

T&L
TCCFR
TENT
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GOLDAIR EXYPIRETISEIS EDAFOUS ANONIMI ETAIREIA
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Hypertext Markup Language

Hypertext Transfer Protocol

International AirTransport Association
Information and Communication Technology
INTERUNIVERSITAIR MEERBECTRONICA CENTRUM
International Maritime Organization

Internet of Things

Intelligent Transport Systems
JavaScripDbject Notation

Key Performance Indicator
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METRO DE MADRID SA

Machine Learning

Message Queuing Telemetry Transport
COMPANIA DE NAVIGATIE FLUVIALA ROMANA NAVROM SA
On-Board Units

Port Community System

Piraeus Container Terminal

Piraeus Consolidation & Distribution Center
Port Collaborative DecisieMaking

Quick Response

RoleBased Access Control

Romanian River Information Services

Real Time Streaming Protocol

Supervisory Control And ata Acquisition
Secure File Transfer Protocol
Stateof-the-Art

StructuredQuery Language

Task

Transport and Logistics
TELECOMUNICATII CFR SA

TransEuropean Transport Network
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T™MS Transport Management System

TOS Terminal Operating System

TRL Technological Readiness Level

uc Use Case

ul User Interface

URLLC Ultra-Reliable Low_atencyCommunications

Va2V Vehicle to Vehicle

V2X Vehicle to Everything

VAT ValueAdded Tax

WINGS WINGS ICT SOLUTIONS INFORMATION & COMMUNICATION TECHNOLOGIE!
WMS Warehouse Management System

WP Work Package

XML eXtensible Markup.anguage

XLS Excel File format

ZSlI ZENTRUM FUR SOZIALE INNOVATION GMBH
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1 Executive Summary

Deliverable(D)H ®H -BREIGWT multimodal transport platfornC A NR G FdzZ t RNRLX | AYa
present the first full drop of solutions developed\Work Package (WP) ®llowing the contents oD2.1. This
document encompasses an initial full drop of solutidosthe FORFREIGHT platform including the central
platform anda set ofsolvers thathave reached a level of maturity where they candegnonstratedas to their

utility towards solving a reakorld problem

The contents of this document cover the first full drop of solutions for the-FRIRIGHT platform, highlighting
the implementation and integration of the various available components and the functionalities theyTdfter.
deliverable startsvith a summary of the contributions from other tasksd deliverableshat are importantfor

this document. A brief description of the coordination of the development, implementation and integration of
the platform is providedfollowed by a description of eadse Case(UC)egarding 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 tlandto-End E2B solutions.

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

¢KA&a R20dzySyd FAYa G2 RSOFAf (GKS RS@GSt2LIVSyisx AYLI
including specific solvers for the differedt. Not only including information regarding the development and
integration of the various components but also showcasing their functionalities individually and inclUg2d in
A0SYIFNA2a o0dzAfd (2 NBalLRyYyR (G2 GKS dzaSNRa ySSRao

The various contributions towards the first full drop are sumsetiwithin 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-FHRIRGHT 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.@ HFFREIGHT multimodal transport platfogd@@ A y' | € F dzf £ |
with the inclusion ofinformation regarding the implementation and integration of the solvers that are not
included in this first full dropit also documentshe processes to be followed fahe upcomingdevelopment

stages of the project
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2 Introduction

Asan outcane of WP2 whichmainly focuses on the implementation thfe solutions defined infggvious tasks
this deliverablecontainsdetailed information on the various processasluded in the development stage of the
projectandtheir integration with theNS Y+ A Y RSNJ 2F (G KS LI I GF2N¥VQa O2YLRYS

The tasks highlighted in this document inclutesk (T)2.1 Development planning, coordination & knowledge
exchange 2.2 Sea port lastmile solution development, integration & testir@panistuse case (U)T2.3
River port- Rail solution development, integration & testing (Romani#p, T2.4 Airport Sea port solution
development, integration & testing (GreddQ and T2.5 FORREIGHT platform development & trial site
solutions integration (Central platform).

This documenisrelated to Implementation Objectives 4nd 2 Objective Iexpects the design and development
of novel and interoperableTransport andLogistics T&L solutions which are covered in this document,
especiallyregarding thesolving processesncasing multiple solver©bjective 2is focused orthe three T&L
experimentation facilitieand expectsiot onlythe usage ofa mix of legacy systenasd componentproposed
by FORFREIGHBuUt alsoa central platform anather functionditiesincluded in differentUCs all of which can
be found in either the UC sections or the central platform section.

With the development of different solvers for the variod€s this document will have eadd@ & A y LJdzia &/
a specific section and an additional section for the central platform with its developments in the various
components it includesSince this deliverabl®cuses orthe solutions included in the first full drop of solutions,

the different components will be represented terms oftheir development, implementation, and integration.

This includes an overview of the development process, what concerns and acdozigken 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 torthe 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 E@&solutions, considering different
aspects of the platforntowards solving a reakorld multimodal transport problem

2.1 Mapping FORFREIGHDutputs

This sectionpresens the FORFREIGHW &rart Agreement(GA)commitments as extracted fronthe formal
deliverable and task descriptipwith respect to their outputs and work to be performetihe prpose is to aid

the reviewerin FAYRAY 3 (GKS aLISOATAO aSoOtrazya 2F (GKS R20dzyS
addressedut also to guide the author through and serve as a checklist to address everythingetusto be
addressed

Table2-1 Adherenceto FOR.2 %) ' (460 ' ! $AI EOAOAAT A Q 4AO0EO s$A
FORFREIGHT Respective
S FORFREIGHGA Component Outline Document Justification
Component Chapter(3
Title
DELIVERABLE

Chapter3 summarses

D2.2 FOR GCANBG TFdzZf f FERBRGHT taturel
how other tasksand

FRE_IGHT logistics solutions, includirigtegration to the Chapter3 deliverableshave
multimodal | central FORRWO L DI ¢ LJ F G F 2 NI :
transport contributed to D2.2.
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platform - First
full drop

Chapterd

Chapter4 describes the
development,
implementation and
integration processes
regarding the
methodologies and
standards considered.

Chapters

Chapter5 contains
extensive descriptions g
the solutions developed
in the SpanistC

Chapter6

Chapter6 contains
extensive descriptions o
the solutions developed
in the GreekJC

Chapter7

Chapter7 contains
extensive descriptions o
the solutions developed
in the RomaniablC

Chapter8

Chapter8 describes the
LI I G F2NXVQa
and describes the
various components tha
make the central
platform.

Chapter9

Chapter9 displays
various examples &2E
solutions to
demonstrate the

L | GF2NXV QA
functionalities.

TASKS

T21
Development
planning,
coordination
& knowledge
exchange

G¢KAAa GlFal oAttt Y2yAl
developments across the different trial sites
following the internal cedesign process from
T1.2. Common implementation cycles
(prototyping, testing, upgrading, verifying) shoy
be followed, i.e., DevOps, to k@ sure that no
trial site deviates from plan. The task will
guarantee that all developed solutions in the tri
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 envisionéda ¢ ¢

T 2.2 Sea port
- lastmile
solution
development,
integration &

Ge¢KAA Glal oAttt SELX 2
factors, processes, information flows and data
exchange platforms involved in the logistics
environments of thaJCto be instantiated in the
ES trial (see Section 1.2.1.4). The implementat
and development activities will take place in
order to realgse the solutions envisioned for the
SpanishJC as defined in T1.2 in a manner
compatible with the overall FORREIGHT
platform design, as defined in T1.4. The

Chapter 5

The solutions developed
in the SpanistyCare
describedn terms of
their implementation
and integration

processes and related t¢
the timeline. Additional
UCinformation, such as

testing implementation activities include (among other Key Performance

the HW deployment and integration with the E Indicators KPI3and

platform, SW development, the integration of th other activitiesis

input received by the various management included

systems of the ES trial stakeholders, testing an

dzLJRF §S&asx FyR Y2NBdé

aLy dKAa Gl alz detebpetNB

guarantee the security of the communication ai

control of FORFREIGHT for river penil

solution, focusing on the wireless communicati The solutions developed

between vehicles as well as the surrounding in the RomaniatJCare
T 2.3 River technical infrastructure, authentication of device described as to their
port - Rail in a seure fashion, and heterogeneity of implementation and
solution protocols. This task also addresses the integration processes,

development,
integration &

development of SW for the coordination
between vehicle resources and human resourc

Chapter 7

and related to the
timeline. AdditionaUC

testing in hybrid workspaces to fulfil the tasks laid out information is included
the business context in a safe and effigien such as KPIs and other
manner. This task will deliver all the necessary activities.
technologies, platform, and components for the
realisation of the Romanian multimodal use cas
a4 RSAONAOGSR Ay {SOi0A
aLy GKAa ulhal O0KsS LN The solutions developed
will perform the implementation and in the GreekJCare
T 2.4 Airport development activities, that will reaé the described as to their
Sea port solutions envisioned for the GR UC as defined implementation and
solution T1.2 in a manner compatible with the overall integration processes,

development,
integration &
testing

FORFREIGHT platform design, as defined in T
The implementation activities include (among
others) the HW deployment and integration wit
the GR platformSW development, the
integration of the input received by the various

management systems of the GR trial

Chapter 6

and related to the
timeline. AdditionaUC
information is included
such as KPIs and other
activities.
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stakeholders, testing and updates, and more. T
output of this activity will be a fully functioning
multimodal platform enabling the seamless
transport of cargo from Piraeus port to the
Athens International AirportAlA), as described i
GKS Dw !/ RSaAONALIIAZ2Y

The overall architecture

G¢KAA GF&al Aa NBalLkRya of the platform is
the central FOREREIGHT platform functionalitie described, with
T25FOR : ) o .
FREIGHT that will be exposed to the experimenters, additional details
including the user Interface, monitoring tools, regarding the
platform . . -
experimentation setup tools, etc. The three components within the
development | . T " o ) , . Chapter 8
& trial site individuals trial sitesolutions implemented will central platform. The
. be integrated with the central FORREIGHT implementation and
solutions . . . -
integration platform as part of this task, arfe2Eaccess to integration activities

each of the sites will be guaranteed through thi
centralBS R LJ | G4 F2 N d¢

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 othe table below.

Table2-2: Links to other Project Outputs/ Work

WP Task Deliverable
Number | Number Number Content
related
The main purpose of WP1 isanalysethe T&LState of the Art$otA
encountering existing barriers and opportunities for improvem
T1.2 D1.2 while definhg the detailed use case definitioas well as the desig
WP1 T1.3 D13 of the architecture of the platformT1.2initiates the definition of the
' ' UG, with specific requirements identified for each of thenfihe
T1.4 D1.4 technological and business validation procedures are defined w
T13.¢KS LI FGF2N¥Qa | NOKA G S Gandlats
output is usedhroughout WP2.
WP2 aims talevelop, implement and integrate the solutions defin
™1 as requirements for each of the use cases well as the centrg
platform, following thedesigns achieved in WPThedevelopment
T2.2 ) and integration coordinatioris undertaken in T2.1responsible for
WP2 T2.3 bz.1 maintaining the pace across the different use cases facditating
D2.3 integration. T2.2 focuses ondeveloping seaport and lastnile
T2.4 solutionsin the Spanish trial site. T2r8volves around river portail
T25 solution development namelythe communication between vehicle
andtechnical infrastructuren the Romanian trial sité.2.4 dealsvith
airport-sea port solution developmerénd the compatibility of its
" FORFREIGHT2(4 Page |16
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components with the overall platfornT.2.5delves into develoipgthe
central platformandintegratingthe various trial site solutiorfer E2E
access.

WP3 is responsible for thigial planning andexecution in the threg
use cases. Task 3.1 focuses on defining trial preparation method
and trial execution guidelines, providing a comprehensive appr(
T3.1 for trial setup, configuration, calibration, testing, and resy
T3.2 D3.1 collection. This task is clely linked with llowing the development
WP3 T3.3 D3.2 statusof the §o|ver§1‘or egchUC T3.2,_ T3.3_ and'T43ar§ respc_)nsible
for conducting trials in each trial site, including trial cy
T3.4 D3.3 management, data collection, and feedback. The trials will
T35 conducted using the solvers developed in WP2. iB3:&sponsible fo
analysingand evaluating thetrial results, including KPI analys
metrics, and best practices benchmarking, using a holistic evalu
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 susemianianner with each chapter
andits respective content within.

Chapter3 summarses how other taskand deliverablesi KI & F NBy Qi RANBOGf & Ayo2f g
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, sotlahd the development

by depicting frameworks that are used throughout the various steps.

Chapters4 through 7 are directed towards the developments regarding the Spanish, Greek and RorkBian

from comparingthe 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 developmentrelated discussions but alsbe business logic, specific timelines for each of the solvers and

in some cases brief demonstration of the capabilities of the givsolver.

Chapter8 discusses the architecture of the FRBREIGHT platform, including its several layers and egjti&in
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 ingludes
section dedicated tahe efforts towardsdevelopinghe FORFREIGHT user interface.

Chapter9 contains demonstrations dfit leastone E2Esolution for each of the use casekese include the
functioning of the platform, from the point a request is made to the platform to the intenaegonse being
received It includes every step, which involveéhe use of the workflow engine te@nsure 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 docomaetibning the
original goals for the deliverabndwhat was achieved within,ias well as how the previous tasks have affected
the overall content
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3 Contribution from other Tasksand Deliverables

This section contasimportant inputs from previous taskend deliverableghat have a significant impact on this
deliverable Each task included in this section will be explaimettrms of itsinitial objectves and outputsThe
tasks included in this sectiomeathe following:

T ¢mdH GwSIljdZANBYSyda | yI f &arhisitask iy Rspdnsibfe foOdtudlytg and T A y
analysing theSotA to accurately define requirements for the use cdssfere their development, thus
enablingthe planning and problem mitigation for the different use cases

f ¢mdo a¢SAGAY3I | YR cRespdnsble ibdethiigthe Sathkids #® Befused fdrdesting
and validating the various solutions developed throughout thieject. These methods include the
acceptance procedurdsr both the technological and business logic of the various solutions

T ¢mdn -Co@HW I ¢ a2f dziA2y £ WK ihis &skiihaakBitecture Rrite FOR/ €
FREIGHT platform is defined including its various components and how they will be integrated with the
platform;

1 D2.1 FOFREIGHT multimodal transport solutierizarly (testing) drog This deliverable has analysed
eachUCand 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 Inputfrom4 28T O2ANOEOAI AT OO AT A1 UGEO AT A 5
¢l al moH A SotABnAysE 2'Fa S t/mk &S S5STFAYAGA2Y yR {2tdaiazy
objectives:

91 Description of the requirements analysis and Use Case refinement based on tren8dbgistics study
from T1.1

Functional requirements definitign

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.

=A =4 =4 =4

Through information taken from previous tasks and studies regardin@ttaand logistics, the outputs of this
task include an improvement on the specific goals and Pthe different use cases and a refinement of the
UCscenarios and requirements.

Having identifiedthe included scenariggthis task maps the current process flow and compares it with the
scenario expected from the FEHREIGHT implementation thus identifying the requirements for the different
UG.

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 diffei@ntas well
as which technologies are required to fulfil the requirements that were identified.

With the identification of the requirements for the differebkG, this task is able to identify relevant information,
be it common to all of th&J& 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 operatingependently and managing information in a varied range of formats.
Existing information silos, lack of standaedion and interoperability, low digitation and automation will only

be solved if these requirements are met.
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Regarding the different)G, there were also a few findings:

1 The Spanish UC will integrate all the currently disconnected information from the different stakeholders
(Valencia Port and Madrid warehouse and last mile distribution) and U3ec#sion Support System
(DS$to optimise the entire set operations;

1 Inthe Greek UC, F&RREIGHT will allow the Port and Airport segments to work in a much more unified
and standardised way, sharing data for improved resource planning;

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

32)1 DOO A&OI I 43:8Y O4AO0O0ET C QO 6A1I EAAQEI I
¢-al M®o Aa AyOftdzRSR Ay 2twm a{20! '!'ylfearazr !'asS /I3
and validation methodology to be elaborated within it entails the acceptance test procedures for conducting
both technological and businesalidations of the FORREIGHT platform and its solutions.

9 Technological Validation: Procedures will be defined for collecting the data feeds from the logistics
nodes, systemssensors and other relevant equipment, stating also how these feeds will be used and
analysedby the FOFFREIGHT Platform to produce and present the necessary data in-fieisely
form. Threshold limits for benchmarking the results will also be defined per target KPI based on the
requirements stemming from each UC.

1 Business Validation: Making use of the lean stgrtmethodology[1] that centresaround the main
motivations of a busines#part from the business case itséffe inputs will includeend-user feedback
from their direct engagement in the trials of the T&8G. The corresponding outputs will be validations
that will allow the project partnersto identify those UG that have the highest commerciation
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 worksbapgjageother T&L actors directly

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

1 Ensuring the FORREIGHT solutions meet the technical requirements defined forlé@ch
1 Evaluating the effectiveness of the platform in achieving the project's expected outcomes.

The methodology can be split into 4 aspects, namely:

T KPI Baseline Definition

9 Data Collection Baseline Definition

1 KPI and Data Collection-Brst Definition

9 Use Case KPI and Data Collection Baseline

For each of th&J& a set of KPIs are introduced to measure the validity of their progress.

The Spanish UC KPIs target improvements in areas likienerdelivery, container dwell time at porGreen
House GasgHG emissions, operational costs, missed deliveries, and transport times.

The Greek UC Aims to optsaiE2Hogistics 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 spacesatitin, error reduction, and improved2Evisibility.

As to what concernthe Romanian UG} concentrates on optinsing inland shipping, port operations, and rail
transport using a unique containédentifier (ID) and realtime tracking. This UC aims to incredS&Ecapacity
utilisation, reduce loading/unloading times, mingairoutingerrors, and decrease accidents.

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

1 Leverages the Lean Startup methodology for iterative development and valigation

1 Focuses on building Minimum Viable Products (MVPs) and testing them with stakeholders
1 Gathers both quantitative (data) and qualitative (feedback) insights

1 lteratively 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:

91 Ideas & Design:

0 Analyse existing logistics standards and statéhe-art technologies

o Define user requirements and refitdGs based on business needs

o ldentify problems to be solved and corresponding solution functionalities.
9 Building the Solutions:

o0 Design the central FORREIGHT platform architecture

o Develop MVPs of the platform and individWCsolutions

o0 Ensure compatibility and interoperability between all components.
1 Measurement & Data Collection:

o Design and implement a trial methodology for data collection

o Conduct field trials in eaddCenvironment

0 Gather data and KPIs to measure performance against objectives.
1 Evaluation & Learning:

0 Analyse quantitative data and qualitative feedback from trials

0 Conduct focused group workshops with stakeholders and partners

o Evaluate the MVPs' effectiveness in addressing user needs

o ldentify areas for improvement and iterate on the solutions.

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

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

33)1 DPOO AOT K248 P 40812 OOETI T AOAEEOAAOOO!
With the main goal of designing the FBREIGHT E2E system architecture based on the requirements and

specificationsanalysedand established on previous tasks as well as the integration approach of the various
logistics systems and components, this task has the following focal points:

1 From the architectural perspective, focus on defining the functional components of the platform, the
data type that will be exchanged, and the higlrel interfaces that will enable the interaction/exchange
between components

1 Provide arisk 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 themThese layers include:
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1 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 optiing the transport routes regarding time, resource usage or emissions

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

1 Modular Layer: Repository of various solvers (functions) to address logistiienges. These solvers
can be:

0 Legacy systems: Existing tools used by partners
0 FORFREIGHT solvers: Custdaveloped functions to address specific use cases
o0 Thirdparty applications: External tools that complement functionalities

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

1 Central Data Platform: Stores and manages data requested by the other components in the platform.
This layer may consist of a data hub poe-processedind standardied 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, visuatition 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 taskewever, the information provided through the analysis
processwhich led to the initial architecturéas identified the requirements for the platforwhich were useful
OKNRdzZZK2dziT GKS @I NRA2dza dzLJRIF G6Sa GKFG KIFE@GS 200dzNNBR
that were kept from the originally planned architecture.

3.4 Inputfrom $ T 8 = -FARIGHT multimodal transport solutiong Early (testing)

AOI bo
Thisdeliverablecovers the first drop of solutions, focusing not ooly the development progress across the
RAFFSNBYy (G GNRFE aAdGSa odzi Ffaz2 GKS RSAONRLIGAZY 27F |
processesincluding the setup of common implementation cycles to make sure no trial site deviates from the
stipulated plan.Through this planthe knowledge exchange between trial sites is to be facilitseied the

interactions between differentWPs are to be ensured to matclthe suitahlity of the developed solutions with
the envisioned use cases.

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

1 Documentation: Apart from internal documents for either technical specifications or design documents,
Application Programming Interfag@PIl)documentation is to be provided whenever possible. The API
documentation is either in the shape of OpenfRIspecification or Swagger documentatjon

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

1 Knowledge Transfer Sessions: Online workshops are to be arrafigese are focused on specific
technologies, desigissues or troubleshooting technigues

1 Internal Wikis/Knowledge Bases: For tutorials and owuides, either wikis or knowledge basase
envisioned. Readme files can also be used for this purpose

f Regular Meetings: To discuisK S LIY®@ReSDahdlenges and plan accordingly, meetings are setup
on a regular (weekly or fveekly) basis.

The tools discussed to tackle knowleeklwaring issues are the following:
i GitLab for version contrpl
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1 Slack or Teams for communication between project partners
9 Trello for project management.

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

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

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

Communication and Collaboration: Regular meetings and open communitatthscusgprogress, roadblocks
and what adjustments need to occur.

Early (testing) drop and scope tie LJt | G F2 N Qad FANRG FdzZ f RNRL)

The early dropaid the foundational work fothe planned and functioning development of the following drops.
The work done for the early drop included thoroughly analysing é#Cho developa set of requirements,
methodologiesand a solution architecture that could support the platform wéthits intended functionalities.

D2.2focuses on the outputs of the first full drop of solutionghich differs from the early dropdetailed in
deliverable D2.1 submitted on 31.12.2028) a few key aspects. & aspectare organsed as levels and the
differences between the two dropsre summarised below

1. Development Level:

1 Early Drop: Planning the development stage pravidinginitial architecture and archetypes to
FaaAald GKS LI HevetopeNidiettSoluBoSsdtatican pésfdiid their functionalities
and be integratedater;

f FirstFullDropThe SY 4 NF f LI | 6 F2NX¥Qa O2YLRYySyida KI @3S 0°¢
have reached a point in their development where they can be integrated with the remaining
components so they can be us#d by the platform as intended.

2. Integration Level:

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

9 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:

1 Early Drop: Narrow scope, focusiogplanning and initial testing and development

§ First Full Drop: Broader scope, including detailed information on Ltbie I § F\aedsQ &
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 waddressed 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 FBREIGHT platform. It highlights the coordinated
efforts among thepartnersand stakeholders to ensure seamless integration and functionality of the platform's
components.

One of the most important aspectghen assuring the correct functiang of aplatform that considers as many
functionalities as FORREIGHT is figure the standards, not only for the development of solutions to facilitate
integration but also regarding data, so every componamerstandsvhat data is expected as to their input and
output.

The project will make use of th€erminal Industry Committe€TIC4.0 common language toepresent and
translate the messages of the platform in the cases wittegesolver 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 throughoutdhieus stagebehind the First full drop
aresummarsed below:

1. Development Coordination
1 All technical partners were to follow the architecture and archetypes that were decided in
previous stages of the project for the development of thiNE 2 BIGti6rg &
1 To keep track of the development and provide additional required information, a weekly
meeting was held, and additional meetings were arranged whenever required
{1 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
1 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 integratign
1 Earlypilot testing helpedvalidate the desiredunctionalitiesand possible refinementsdentify
potential issuesndtheir resolutions and assuringhe properfunctioning of the platform
1 One of the concerns regarding implementation coordination was data starsadiadi, for which
TIC4.0 has been selected as a common langaadaised whenever possible
3. Integration Coordination
9 Sincea2yYS 2F (GKS OSYyuGNIft LI I G F2NYQA& hadnioud2 y Sy (i
functioning of the remainder of the components offered by #ORFREIGHT platformamely
the gateway and the asynchronous broker, these components had to be the first to be integrated
within the platformas they would be used as middleware
1 Every component was deployed usithg predefined deployment strategy whenever possible,
which will be explained further in éhfollowing chapterghiswas possible due to the predefined
archetypes that wereised as a basis for some of the comporedt RS @St 2 LIYSy i
1 Once thevarious solvers were deployed, integration with the workflow engine allowedt it
testing of the solutionsthus validating the workflow of thplatform;
1 Continuous monitoring tools were setup to ensure the systgas running as expected and
identify potential issues with thdeployment or integration of the various components.

By following the steps outlined in this chaptére developmentjmplementation, deploymentand integration
stageswere enhance@nd a positive outcomeras achievedrom the development to thelemonstration of the
E2Esolutions that the platform aims to offer.
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5 Spanish Use Case

5.1 Scope and Objectives

At the root cause layethe Spanish Use Case identifies several isguesighoutthe whole processrom port

to lastmile 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 acr@s the supply chain. Difficult interoperability between different stakeholders due to the use of
proprietary legacy systems illustrates these communicatwoblems in the supply chain. These factors
contribute to bottlenecks, delays and increased operational costs affecting all the stakehwidbe Spanish

UC, fromCosco Shipping Line Spais(go Metro de MadridSA(MDM).

Solver cluster layer
. Per-sub-route Resource ) igitalizati
Container . . Localizers D1g1tal1zat_10n
ETA predictor stay duration Transport Time, allocation (transport / and automation of
rediction Cost and Emission planning cargo tracking) processes; Collaboration
P Predictor predictor and data sharing
Problems layetl
Increased GHG  Increased container Increased Traffic Sub-optimal Limited visibility ~ Sub-optimal T&L
emissions stay at port costs congestion  resource allocation of cargo flow line performance
Root causes layer
Low digitalization / automation Inefficient / lack of interaction between Sub-optimal resource planning Sub-optimal multimedal transport

legacy systems from different companies
from different sectors (low
interoperability)

of administrative and operational
processes

based on outdated information planning based on outdated
and without DSS information and without DSSs

Figure5-1 Association of root cause layers, realorld problems, and proposed solver clusters &panishUC

To address these challengespanishUC proposes a cluster of solutions aimed at enhancing the efficiency,
transparency and reliability afcenariosl and 2(Port of Valencia and Madridespectively. Figure5-2 shows
how the different solution clusters respond to the problems and needs identified by the logistical stakeholders.

X X X X X X
X X X X X X
X X X X X
X X X X

X X X X

X X X X

X X X

Figure5-2: Linkageof solvers' category and reaworld problems
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5.1.1 KeyPerformance Indicators (KPIs)

This chapter seeks to represent the relationship between the different solutions &gheisHJC 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 developedtiis UC Table5-1 shows the relationship between the KPIs and the
different solvers.

Table5-1 ES UC KPIs and related solvers

KPI Related Solvers

Improve forecast planning by >15% ES 01,ES 02, ES 06, EE®8712, ES 1BS 14ES 17

Reduce container staying at the pdmy >15% | ES01, ES 02, ES 03, ES 06, ES 07

Reduce GHG emissioog >15% ES_01, ES_ORS05, ES_12, ES_13

Increase transport orderdigitalisation by >20% ES 14, ES 16, ES 17

Reduction of operation costs12% ES04, ES08,ES 09, ES 12,ES 13,ES 15,ES 17

Reduction of external costs by >80% ES 6,ES 12, ES 13

Reduction of transport times from warehouse | ES 08,ES 12, ES 13
final destination by >10%

5.2 Partner Roles

Forthe successful execution of the Spanldfy, a collaborative effort involving multiple stakeholdésscrucial
Spanish UC stakeholdec®nsistof members of the logistics chain and the technical teamsharge of
developing the different solutionslhe roles of the different members of théG as well as their rokin the
development of thesolutions are listed below:

 Cdzy RI OA sy {£RAV) hasytiidAdleLd? rklitimeort logistics experts. FV will oversee leading
SpanishUG addressing the barriers and opportunities to enable interoperability among port
management and lashile distribution systems, thus facilitating the seamless information exchange
associatedwith cargo flows. FV will alssake onthe role of developer for some of the muttiodal
logistics solutions of the SpanikiC

9 Cosco Shipping Lines Spa@SLS) role in the project is todevelop the Valenciacenarioconsidering
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 actdted?ort of Valenciascenario,
providing information from their legacy systems such as IRIS4 or SGI, supporting the transport of freight
by truck or the combination of traiandtruck to the DHL warehouse.

1 DHLwill provide all the logistics expertise to the project to masenthe supply chain overall
performance, its resilience and to boost multimodal logistics operations. DHL will participate as industrial
partner in the SpanisbiCfor 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 deliv&idis.will
define thenew processes and operations thaould be carried out on the MDM facilitieAs 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.

1 Metro de Madrid (MDM) is the operator of the Madrid subway/metro network. In FEREIGHMDM
will act as an endiser facilitating the lasmile operations of the Spanish UC. MDM will be involved in
the requirements analysis, UC definition, results evaluation, validation of the Spadsmd will
facilitate the execution of trials through their network. MDM will also actively disseminate the key
project outcomes to their ecosystem.

1 IMECwiIll be responsible for two main activities: (1) thetificial IntelligenceAl)/ Machine Learning\L)
modelling & predictions for the Seapoct lastmile use case in Spain. IMEC will contribute to the
simulation tools and Adriven prediction and optingation models folE2Eoptimisation of multtmodal
transport to reduce inefficiencies, time wastend GHG emissions; (2) the design of the central- FOR
FREIGHT platform acting as control and integration framework of all system components which will
enale the functionality required by the different use cases.

1 Allbesmart (ABS) will lead the development, integration and validation of the-FRIRGHT central
platform and will be responsible for the data platform of the seaport last mile trial in Valpodia

1 Centre for Research and Technology Hell@&ERTH) will develop the Digital Twins for both use case
scenarios and provide thinternet of ThingsI6T) devices for the realime tracking of the logistic
process. CERTH will also lead the development of some of the solftiche SpanistJG related to
the predictionof the capacity of train wagorend trucks (ES_06 and ES_@am) the realtime tracking
of the containers and the rollezages (B 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 knbew and expertise into the deployment and
development of the whole trial site, from theopt of Valencia, through the DHL warehouaad on to the last

mile distribution viahe Metro de Madrid subway system.

5.3 Implementation Activities

This section presentbe 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
Gt ARIFIGS az2ftdziaAzyaQ NB a doftvinte devefopneRad thél BifferénS dalvepsan Sy G a
integration with the platformof the developedcomponents 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), serviadjdetian stepto gather feedback and
insights directly from stakeholders. This workshop aligns with the Leanuptartethodology of the project,

which emphages the importance of continuous iteration and adaptation based on user feedtheding
technical partners to improve their solutions after each iterafimlowing the suggestions of the enasers.

This enduser enggementin the validation process is essential for ensuring that4FFARIGHT solutions truly
answer their needs and give answers to their proieWith this involvement, the Spanish UC was able to
validate the relevance and effectivenasfsthe solutions, identifying potential areas for improvement andhige
able to update an@nhance the solvers for the following iterations.

On & February 2024FV conductethisworkshop with eneusers andéchnical partnersfocusing on the solvers
ES_05CQ prediction of a trip AB) and ES_0@emand prediction on M) developed in the first drop of
solutions. The primary goal of this workshop wasgai stakeholder@opinions and feedback regarding the
functionality, usabilityand effectiveness of the solvers. The workshop agenda inclddetbnstrations of how

the two solvers workedguantitative evaluations based on KPIs associated with the spligeractive
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discussionsand exercisef&uestionnairesto facilitate active participation and engagement from participants
the evaluathgand validatingthe solvers

Duringthe workshopand asafirst step in the qualitative analysis of solvers ES_05 and Efaffi@ipants(CSLS,
DHL and MDMyere askeda set ofquestionsto collectspecific feedback on various aspectdoth solvers.The
list of questions posed to engdisers (CSLS, DHL and MDM) can be found below

1 How to proceed with the KPI calculatioofssolver ES_ 05
1 Does the current state of solvers ES_05 and ES_08 meet your initial expectéhéns?
1 Does solver ES_05 provide ywith the expected C®emissions information for the route A to B?

(Yes/No)

91 Does solver ES_08 provide ywith the expected COemissions information about locker demand at
MdM? (Yes/No)

1 What is the value solvers H% and ES_08 bring to you?j{}

1  What would you like to see as the output of the solvers, apart from the information shown t¢dpgf
guestion)

1 What repercussions would it have on their way of conducting operations/tasks/activi{msen
guestion)

1 What would you like to see on the user interface of the solvers? (Introduce points A and B, transport
Y2RS> OFNH2 gSAJpeaquéstioRn)a aAz2y Tl OG2NXO
1 Which areas could be improved for the following refinement of the solv@ns@n question)

i Mentimeter

What is the value this solver brings to
you?

Solver ES_05

No value
High value

Solver ES_08

Figure5-3: Spanish UC WorkshoQuestionExample: Solver ES_05

5.3.2 Spanish Internal Use Case Surveys

After the workshop,end-users (CSLS, DHL and MDWje provided with questionnaires designed by FV and
IMEC These questionnaires, together with the discussions at the Spalishorkshop,were usedto gather
end-users feedback and valuable informatitm help technical partners to better meet the users' needs and
adjust the solvers ES_05 and ES th&eby completingthe qualitative analysis dioth solversinitiated in the
workshop.

The questionnaire of solver ES_@&cluded 26questionsdivided into 5 different sectionq1) User role and
Integration; (2) Business Sectiqi/alue and Impact;3] Technological Sectigri4) Commercialisation / Future
Usage Section; (5) Additional Comments. As a rethdtquestions collead the enduser's point of view
regarding usability, functionality and impact assessment in order to be able to make adjustments and check the
solveQ i&levance Figureb5-4 shows one of the questions in the Sunaysolver ES5.
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B Fully Disagree M Disagree M Neutral W Agree B Fully Agree

The solver's output will help me make informed
decisions about transportation options

The solver's output will help me make informed
decisions about transportation routes

The solver's output will help me save time compared
to my current processes

The solver's output will make me choose an
alternative transport mode, i.e. | will use an alternati...

The solver's output will help me ensure timely and
accurate deliveries, improving customer satisfaction...

The solver's will make me gain a competitive
advantage by providing efficient services.

100%

0%

100%

Figure5-4: Spanish UGurveyQuestionExample: Solver ES_05

The next steps after the workshop and the surveys will be totfine the solvers and then to present the results
of the subsequent solution drops to the enders following the Lean Staup methodology cycles. Further
validation workshopsnd surveysre 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 Sga@is outlinedfocusing on

the installation and testing of loT devices to gather data for various solutions.

In Scenario 1, the focus has shifted to deploy@igbal Positioning Syster®P$ 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. Mese devices were securely installed in trucks belonging to a cooperative trucking company
collaborating with CSLS to ensure optimal positioning and uninterrupted data captotgghout their routes.

In order to ensure a proper data collectiohgtdeployment process involved the following steps:

T

Installation: The Teltonika FMP100 devices were meticulously mounted within the vehicles, positioned
to maximee GPS signal reception and ensure accurate location data capture. The installation was
strategied 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 datas$mission 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 evaluhgeperformance and durability of the Teltonika

FMP100 units in realorld logistics applications.

Data Transmission and AnalysiShe Teltonika FMP100 devices, equipped with pref@ibtscriber
Identity Module(SIM cards each with a 508legabyte MB) data limit requiring regular tojups 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, arsopece GPS tracking

systemA yaidlff SR 2y GKS |
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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 systematicallanalysedto 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 predictiveenaine 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 thescanning of package datlarough labelsQuick Respons&)R codes As operations are mostly
carried out on the underground metro network, with coverage difficulties at certain pgofisnes were used
instead of sensorsas the latter would present more connectivity problerfigco mobile phones equipped with
Galileo and5™ Generation mobilenetwork technology(5G capabilitieswere provided to DHL for use in
conducting tests and Qgbdelectures.

Software development activitiesf the Spanish U@ere aligned with the technologies behind the solutions,
focusing on the development of Digital Twins and the communication platform with blockehaliied
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 agt the simulated data dicenario 2to reflectall its conditions and determinantdVhile
the data necessities have been identified, the development process is still ongoing

Additionally, thedevelopment of the communication platforis ongoing, andvill allow blockchairenabled
technology to secure and transparent communicatimiween DHL anMDM andensuring the digital proof of
deliveryto CSLS.

5.3.4 Integration with the Platform

Through the continuousliscussion among the technical partners, the solvers resulting from the Spdg@ish
follow what was agreed to be the solver archetypleus facilitating the deployment of the services and the
AYUSANYGA2Y 6AGK (KS NBY!I ATfidsBnisiatthavé tieén deégioyed ifcRidédd a O
API to facilitatehe interaction with the solversfs such, the Helm chart that had been previously defined for

the overall solver architecture was maoéifl to contain only the required pameters (mostly related to API
configurations) This deployment includes O2y G F Ay SNJ NXzy yAy 3 { ké&casedfMBS NDa
related solvers), a service which can be accessed for reqaledtan ingress that routes the requests made to a
specific path to the specific solver after going through authentication.

Once deployed, the solvecanbe accessed directly by any other component that requires it. Furthermore, the
workflow engine can now be used in conjunction with the solvers to credtsolving processeshichintend
to aid the user in a specific multimodal scenafay,various applications.

5.4 Solutions Development Status

This setion examineghe link between the functional requirements and the solvers output of the Spanisit UC
also providesa 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 solveprawithgthe level of readiness
through demonstrations and tests showing their current staftse progress of the development of the solutions

has been adjusted with the different speeds of progress and tleel fier development to ensure coherence with
further developments.Thus, solvers like ES_0&ave been developed prior theinitial timelinesset out in
previous deliverable D2,1In the same way that solutions such as ES_14 or ES_15 have been extended to the
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followingdrop 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.

SolverES_0X ETA Berth

This solver is designed to predict tBgtimatedTime of Arrival (ETA) of vessels at thert of Valencia predicting
the day and timehe vessel wildock at the berth

This solver plays a crucial role in opsimg port operations, enabling stakeholders to plan and allocate resources
more efficiently based on predicted arrival timésbelongs to the category of ETA predictor solyarslanother
solver might be using thisolver to get this timeelated information.

At its current stage alevelopment, the solver operates by taking input from the user in the form of the port call
identifier number with the vesselnternational Maritime OrganizationNO) identifier. Leveraging an internally
deployed model hosted o6 dzy Rl OA 5 y £\ derBeysQtie IsdlvavN Xecala predictive model trained
with various data sources to generate an ETA prediction for the given yveffseing the estimated time of
arrival & the port of Valenciaand providing the fields identifying the vessel to ih it refers This functionality

will be accessible via an API gateway, allowing seamless integration with existing systems and workfluavs
FORFREIGHT platform.

The ETA berth solver consumes raw data from three prifeggcysystems to build the input arrays for the
predictive models that compute the ETA forecast for a given vessel. These three main degtgaogdystems
are:
1 ValenciaportPort Community Systen(PCS) Provides, through an API, past and future port call
scheduling plans for vessels calling at the port of Valencia
1 Port Collaborative DecisieMaking (PortCDM System: This system, named PAULA, collects and
aggregates all port calklated events (e.g., mooring start/end, pilotage start/end) to enhance the
situational understanding of port operations related to port call management
1 Meteorological Prediction Service: Provides, through an API, the forecast of wind speed, wind direction,
and precipitation parameters
f Automatic Identification Systen\(S: providesh Y F2 NXY' I G A 2y | 0 2 hlzbdinga
for the vesselsipproaching the port of Valencia from at least 8 miles away.

spe&lf aQ L

It is important to highlight that predicting ETA berth alongside container dwelling time addresses the objectives
of solvers ES_10 and ES_11. However, optighnimachinery usage in terminal operations is highly intricate.
Algorithms often fail to grasp the complete situational context, with critical-tiea¢ information such as
maintenance operations and internal policies being challenging to gather. To enttascES 01 and ES_03 are
proposed as vital information providers to offer a more comprehensitational 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 lecablogical
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 arrivalThis enhanaaent will empower decisiomakers to make more informed choices, leading to a
more optimsed resource management strategy.

Development Timglan and Deviations

Table5-2 outlines thedevelopmenttimeline 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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Table5-2: Timeplanfor solver ES_01

Development Stage Status Date
Data acquisition cleaning and dataset| Almost finished Main data sources identifie
preparation and working with them Mar 24
Model selection Finished. Initial model architecture chosen. | Mar 24
Model development Finished EarlyMay 24
Modeltuning In progress May 24
Modelvalidation In progress May 24
Demo preparation In progress May 24
API gateway deployment In progressEstablished deployment logic May 24- Jun 24

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

1 Complexadaptation: The development of ETA Berth has encountered complexities due to the numerous
parameters involved in accurately predicting vessel arrival tildeseover, 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 precisionAdapting the solver to accommodate these parameters has required additional time and
resources.

1 Data availability and qualityThe accuracy of this ETA prediction solver relies heavily on the quality and
comprehensiveness of the data it considemad which will be used to train the modelt has been
necessary to use a cautious amount of time to ensure the completeness and quality of the data collected
for the training.

1 Potential commercialsation: Consideration is being given to the potential commersatibn of ETA
Berth. This has introduced additional considerations and requirements for the development process,
potentially impacting the timeline andpproach.

Solver Demonstration

The architectureof the solverwith respect to theexternal systems that provide thaw data to compute the
ETA Berth predictions is shown in the followfigyire.
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valenciapprt JPCS

EETE

i

Figure5-5: Hightlevel 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 igstimation. 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, heifigtire port calls expected to arrive

Fd GKS LIRNI FNRY (GKS t2NI /2YYdzyAdGe {eadaSy Fftz2y3a g
etc.).

As explained in the introductory section of this solver, the ETA berth prediction, implemented with a Temporal
CdzaA2y ¢NIYaF2NY¥SNI Y2RSt O0ADPSdT 5SSLI [ SINYyAYIOST LINE
from PAULA, meteorological forestadata, and optionally, data from the port's AlS systéigure5-6 showsa

mockup of the ETA Berth output. As illustrated, the output acts as a correction to the initially provided ETA by
the Port Community System.

Figure5-6: Mock-up of the ETA Berth solver

Solver ES_0Z ETA Truck

The primary objective is to predict the arrival time of a truck triweglbetween these two points. Accurate
predictions are crucial for optirsing 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, routesetgkand delays. Reéine 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 betewiour along with eternal

factors like port congestion, customs delays, and scheduled maintenance, need to be collected.

Timebased 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 spegfuel efficiency, and rest periods, will be considerettaturesthat can improve
accuracy. Hybrid models that combine predictive techniques with ogditoin algorithms, such as
Reinforcement Learning, can dynamically adjust routes based otimeabata. Once the model is trained, it
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will be deployedon the FORFREIGHT platforrin APWill be developed to allovihe platformuser(s)to access
live updates

This Al/MLEbased solver for predicting truck arrival times integrates various data sources and employs advanced
ML techniques to deliver accurate and rdahe 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 MDMepot.

Development Timglan and Deviations

With the release of the drop of solutions described in Dth2 development of solver ES_02 will start withial
contributions by IMEC supported by ABS. This will coincide with the reled3g.4fwhich will contain the
updated version of the FORREIGHT platform architectuM/e do not foresee any deviations from the original
development timeplan, and we willmake sure to engage all relevant technical and businelséed partners to
attach the solver to the platform.

Solver Demonstration

Thesolver demonstration is not currently available. The development of the solver is scheduled for tkeapext
of solutions.

SolverES 0% 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 teontainer departure. This includes various components such as dwelling time,
service time (e.g., tugboat, pilot, unloading, customs clearance), apdrinvarehouse storage. By accurately
forecasting the duration otontainer stay inside the port ES_03 facilitates efficient planning and resource
allocation within the port operationsmprovingturnaround times and emancing overall productivityrhe needs

that have led to the development of this solver are based onittingrovementof knowing the estimated time

that the containers will spend in the porivhichcould helpin the decisionmakingprocessof the port T&L
stakeholders as well as external ormgh as DHlsince by givingisibility of the actions and times required in

the port area these typesof actors will be able to adapt their storage spatease of deviation

The basis of this solver is based on a solutign bl A Yy Q Aprojedt ERRM fgr thé estimation of the time that

an empty container would spend inside the container yard of the .@ased on this logic, the ES_03 solver
considesthe stay of thetotal containers in the portThe solver will mainly consuntiee following information:

port callschedulingplan, messaginglow with transport ordes to retrieve containers,container delivery and
retrieval confirmation messagegTA berth forecast angort entrance traffic predictionsOnthe 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 seilautili
MongoDB database alongside an information processing pipeline, extracting pertinent data from incoming
messages in redgime. On the other hand, it will access online data from the Port Community System to acquire
future port call details, utie 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 trainetbdel. Upm request, it will provide the expected dwell

time in hours inJav&cript Object Notation JISONformat, 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 ham resources and machinery, suchRagbberTyred Gantly cranesor
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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 decisioraking accuracy.

Development Timglan and Deviations
TheES_03levelopmenttime-planis displayed below:

Table5-3: Timeplanfor solver ES_G

Development Stage Status Date

Identify relevant data sources, includingontainer
unloading confirmation messagingcontainer retrieval| Finished Apr 24
messagingandthe port callcommunity system

In progress. Correlations of Dwell Tin

Data acquisitiorand exploratory analysis andindependent variables May 24
Data cleaning and dataset preparation :jnatazreotgr;eeSrZin-gme alignment - and May 24
Model selection trainingand validation Not started Jun24
Deploythe model with anAPI Not started Jul24
Align integration in solver ESQ3 of solver ES D Not started Jul24

At this point of the development, no further deviations haappeared 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
solveris working.

Solver ES 04 Costsprediction from A to B

Solver ES_04s designed to predict the transport cost associated with carrying freight from point A to point B,
covering the different transportation modebhat make up the Spanish UCe.,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, co$sH@eimissions within

the transportation and logistics domaiBS_04 collaborates with solvers ES_05, ES_12, and ES_13 to Ef#n an
group of solvers for estimating costs, time and emissidhss 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 sGik&e(missions predictor) from the first droprhose
functionalities to identify the geotags and the operation of the differes2 Aegs of the Spanish UC are the same
It operates internally using the TIC4.0 data model JSON, which has been adapted to staratatdproperly
manage informationidentifying all the relevant fiekirelated to costs The solver takes inputs such as origin
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(point A), destination goint B), mode of transport (e.g., truck, train, van, metklmdy truch 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. Bftexly,
calculating the distances, origin and destinations, all data is combined to perform a calculation of the cost. The
cost is allocated to a prdefined trip, dataisdefinedby K S t S3F 08 &deadisSyQa 5! ¢- FAES
FREIGHT solyemd later updated onthe TIC4.0 data model JSOfNprovides a prediction of the cost in euros
associated with the trip @ dzLJRF G Ay 3 GKS FASEtRa 2F aiNALOIndhes A
TIC4.0 data model JSON

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

1. Representational State TransfeRES)E
REST is an architectural style for designing web services. RESTful web sentygsetsgt Transfer
Protocol HTTPmethods 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 bei
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 sesyancluding Apache, Nginx and Gunicorn. We use it
to build the API and expose the endpoint for its use.

3. OSRM:
OpensStreetMap 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 serverhis 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
theA. LRAYGA 2F GKS GNRLI YR NBfSOIyld GNIyYyaLR2NI vy
4. Docker:
Docker is a software platform that allows you to package and run applications in isolated containers.
Containers are lightweight, portable, and setintained units ofsoftware that can run on any
infrastructure. We use Docker to deploy the solvers.

The code for ES_04 has been updated and stored in@RFREIGHGitLab repository. Additionally, its API has
been deployed and made accessible for usage.

Development Timglan and Deviations

Table5-4 outlines the development timeline for the development of thestsprediction solver. It details the
key stages involved and the estimated duration for each phase.

Table5-4: Timeplanfor solver ES_@

Development Stage Status Date

Identify  relevant data  sources, includir - .
transportation routes, distances, ambstfactors for Almost finishedNeed scenario thanhour Feb24

different modes of transport costs

Data acquisition, cleaning and dataset preparatior FinishedInitial model architecture chosen Feb24
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Modify solver ES_05 and add cost functions Finished Mar 24
Perform tess and validation of cost functions. In progress Apr 24
Deploy API Finished May 24

Align integration in solver ES_12 of solvers ES_04 In progress. Time predictions already

ES 05 available Jun24

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

91 Interdependency with solver ES_0Since theunderlyinglogic behind this solver is based on ES_05
solver, it has been necessarywait until after the first drop to refine and polighe functionalitiesof
the existing codeThus, there was an initial delay in the development of this solver due to the adaptation
and improvement period of the ES_05 solver.

91 Definition of the scenario 2 cost modeDefining an accurate cost model for Scenario 2 has been one of
the main constrainsSince it represents a new business madeblving DHL and MDMhistorical data
for similar situationss limited. This lack of data makes it difficult to capture thgerationsand cost
components specific to thiscenario.For this, DHL and MDM®levelopedan initial approach based on
their expertiseto estimate relevant costs factors to the routesem DHL warehouse until the locker.

1 Integration complexity into solvers ES 12 & ES_13F-urther integation complexities regarding
incorporating the functionalitiefrom 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

Figure5-7 represents an extract of the TIC4.0 JSON output of £3n@ppingsome of therepresentative
identification fields of the route and the calculatedstof an example trip.

This examplérip covers the routeoriginatingin the DHL lllescas warehouse until the MDM Canillejas depot via
van This van will be following one of the established common routes that DHL vehiclegfolld NJ SR | & «a
1¢ Wwith atrip costof T 11 X dajcuated through this solveidentifiedA y (G KS T AGH IRE dzSidN® LIO2 a4

"name"”: "Van_Ruta_1-DHL Illescas (Toledo)-Depdsito Canillejas",
"origin":
YcityS:2 T1lescas’;
"companyname": "
"postcode”: 4
"streetaddress"”: "DHL Illescas (Toledo)"
2
"portstops”: 5
"tripcost":

{

"endtimestamp": "2023-10-26T17:31:49.733Z",
"pom": "output”,

"pomt"”: "actual",

"starttimestamp"”: "2023-10-26T17:31:49.733Z",
"timestamp"”: "2023-10-26T17:31:49.733Z",
"unit”: "€"

"value”: 70.98

Figure5-7: Excerpt of ES_0 TIC4.0JSONoutput
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Solver ES_0% GHGemissionsprediction from A to B

The slver ES_05 is@arborfootprint prediction required by endisers(CSLS, DHL and MDilpe able to make
informed decisions about the environmental impact of their travel chqipesviding them withdata on the
GreenhouseGas (GHG3missions generated between two specific journey points (odgistination) and,
therefore, valuable information tochoose the most suitable transport optionhe technologies and
architectures involved in the development of this version of the solver are the same as solver ES_04.

ES_035s flexible and adaptable tdifferent user needss itoperates by takinghe followinginputs.

1 Origin (point A)anddestination point B) ofthe journey: users wilhput the starting point (point Aand

the destination (poinB) of the journeyNevertheless, this input should be provided oifithe userdoes

not indicatethe journey distancek-or the specific case of road transport, the r@and thus the distance
(kilometreg 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, QSRM

Weightof the cargo

Journey distancel hisinput should be provided only in case the user doesspetifyinformation about
point Aand point B.

= =4

For the integration of these input and output data, the TIC¥SO®Niata model has been adapted, representing
and identifying all relevant fieldsvolvedin this CQ prediction. Once theinput information is ready on the
TIC4.0 data model, the solveiill proceed with the calculations of @@missionspredicted according to the
details of the given routgt will apply theCQ emissions predicted into the TIC4.0 data model apdate the
fields2 ¥ & G NRA Lusthvihe kgiok @oyfed kg of cargo associated with that trip.

In terms ofthe methodologyappliedto calculateGHGemissions generated by each transport mode, emission
factors(EFR) have beerused, a coefficient that describes thstimated average emission ratea§iverpollutant

for a given source, relative to units aftivity [3]. The formula utibed to estimate the GHG emissions generated
by transport modes as follows:

GHGemissions (Kg G€&) =EHkg C@e/t*km) * Cargo () * Distance Km)

ERs data habeenobtained from the UKsovernment Conversion Factdos greenhouse gaseeporting[4] and

the Catalan Office for Climate Chari§§ For road transport, th&Hs specific to thenaximum weght the vehicle
can carry i.e.,to the Gross Vehicle WeighGVW) and the specific type of vehicle (rigid articulated heavy
goods vehicles, light gosdehicles, etc.), whereas fereight trainthe emission factoonly one emission factor

is provided All conversion factors are in units of 'kilograms of carbon dioxide equivalent of Y per Xax€kof €O
per X), where Y is the gas emitted and X is the unit activitye €@he universal unitfaneasurement 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 soluiiopsedicttime, 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 solers ES_ 04, ES_05, ES_12 and ES_13

Development Timglan and Deviations

Table5-5 outlines the development timeline for the development of tBHGemissionsprediction solver. It
details the key stages involved and the estimated duration for each phase.

Table5-5: Timeplanfor solver ES_05

Development Stage Status Date
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Fsltrst ver3|orAPI_of the solver deployed and functiontdr the Finished Jan24
1stdrop of solutions

Adaptation of functions to be used in the solver EB5_0 Finishel Feb 24
Showca_se the sol\_/er_ in internal workshop and gath Finished FebMar 24
suggestion and validation ehd-users

UpdateF dzy Ol A2y ad o6 AaSR 2y ¢ 2 NJ| Finished Apr 24
Deploynew API version Finished May 24
Align integration in solver ES_12 of solvers ES_04 and B In progress. Time prediction Jun 24
functions alreadyavailable

Solver Demonstration

Figure5-8 represents an extract of the TIC480Mutput of ES_05Snappingrepresentativadentificationfields
of the routeandthe calculated emissiorsf an exampldrip. This example covers the roufiem the DHUIlescas
warehouseto the MDM Canillejas depot via vamith anestimatedGHGemissionof 5,2072kg CGe calculated
through this solver.

"name": "Van_Ruta_1-DHL Illescas (Toledo)-Depdsito Canillejas",
"origin":

"city": "Illescas",

"companyname"”: "DHL",

"postcode™: 45200,

"streetaddress"”: "DHL Illescas (Toledo)"

"tripemissions":

{
"endtimestamp": "2823-10-26T17:31:49.733Z",
"pom": "output”,
"pomt”: "actual”,
"starttimestamp": "2823-18-26T17:31:49
"timestamp": "2623-10-26T17:31:49.733Z",
"unit": "Kg CO2e",
"value": 5.287261533683222

Figure5-8: Excerpt of ES_05 TIC4dutput

Solver ES_0& Predict the capacity of train wagons
Development Timglan and Deviations

The targetof Solver ES_06 regarding the prediction of the train wagoesd for future capacitysto design a
model that estimates the need for train wagons that will transfer the freight from the ValeRor& to an
intermediate location where the trucks will perform the last leg. As freight forwartingain is muchmore
economical and ecologically friendthe ultimate goal of the model is to force asany parcels as possible to
this channel. Therefore, the challenge is not only to predict the train wagon capacity naadegtimise the
modal slit orthe benefit of this alternative. To do so, the output of the modedstly relatego a decision output
rather than a prediction output. However, the challenging issue is that the train w@gawailabilityis on an
unknown parameter. This issue raises as the cargo operator reqaegiscific train capacity, but the final
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available units are not fixed combinatorial approach will be followed address this challenging probleffihe
current model should both look all of th@redecessosteps in order to estimate the time the container will be
available for release as well as the data about the lead time to deliver t@Hievarehouse Moreover the
train schedules and available capacity wilobe used as an input. Lastly,stcloselyrelatedto solver ES_07
whicharranges the number of trucks needed. As these 2 sslasr complementary, ffeight cargodoes not go

by train, it shouldbe carried bytruck, andthe 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 conigte the final leg of the journey. Given that freigih&nsport by train is more
economical and environmentally friendly, the ultimate aim is to masarthe volume of parcels transported via

this mode.

Therefore, the challenge lies not only in predicting the required train wagon capacity but also insmygfithe

modal splittofavaNJ G KA a |t G SNY I GABSd / 2y aSl| dzSy (rhaking todl Kather Y 2 RS €
than a mere prediction output. A significant challenge is the uncertainty in train wagon availability. This issue
arises because cargo operators request spetifim capacities, but the final number of available units is not

fixed.

To address this complex problem, a combinatorial approach will beedtiliThe 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 thewarehouse 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 complementaryif freight does not go by train, it should go by tructhe capacity and costs of truck
transportation must alsde considered. By integrating these factors, the model aims to makeinfetined
decisions that balance efficiency, cost, and environmental impact.

To address the challenge of predicting the need for train wagons and gjptinthe modal split for freight
forwarding, data related to the demand for containers at the Dicehousewill be used the required arrival
times, and the availability of trains and trucks. This data will be critical in developing a robust Tied&sting

of various machine learning algorithms planned including classical methods such as Linear Regression,
Decision Trees, Random Forests, and Gradient Boosting Machines.

Additionally, Operations Research (OR) decisiaking methods and simulatidpased calibrationwill be
integratedto refine the models. This hybrid approach aims to leverage the predictive power of classical ML
algorithms and the optinsation 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 dedigi&ing to maxinge the use

of economical and environmentally friendly train transport, while consideringck availability as a
complementary optionGombining 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 algorithmagside Operations Research (OR) decisi@king 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 needsoatichise 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 developmen period.
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Table5-6: Timeplanfor solver ES_06

Development Stage Status Date
Process understanding and etengs to formulate the expected outcomes | Finished Dec24
Model Definition andelationto the DT Finished March24
Data Analysis and modelling Ongoing May 24
Model Training Ongoing Sep24
Deploy new API version Ongoing Nov 24

Solver Demonstration

A demonstration of the solver is currently not available, as its development is directly linkeddewbi®pment
of the digital twin.

Solver ES 07 Predict the capacity of trucks

Development Timglan and Deviations

Solver ES_@a 2 0 igt6 delielo@emodel 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;onsideringhe 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 thenakdhouse 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, suabeasf8olverES_06, will be
tested to determine the most suitable method for accurate predictions.

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

The development of Solver ES_07 stdiin July, when all relevant data becomes available. The initial phase will
involve data collection, prprocessing, 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 timelineressufficient 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 tracki Xhé S fflexigilByQ a
allows for adjustments based on raahe 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 dep

Table5-7: Timeplanfor solver ES_07

Development Stage Status Date
Process understanding and meetings to formulate the expected outcq Finished Dec 24
Model Definition and relatiomo 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.

SolverES_0& Predict the capacly demand of MDM

Solver ES_08 is designed as a predictor for the capacitprokls and rollers, categeed 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, usihg a lookback window of 30 days. This means that the model examinematyes

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 anpgatterns 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
recurringbehaviourghat 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 théepot. 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 oggntheir 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 maingi delays. Additionally, by accurately
predicting capacity needs, the depot can avoid the costs associated withutitigation or overstocking, leading

to more efficient and coséffective operations.
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Development Timglan and Deviations

Table5-8 presents the developmertime planfor solver ES_Q8The first version of the solver wdsveloped
based on generated data due to the limited real historical data provided based on privacy cimc&HL and

MDM. The performance of thigersion of the solver was very poam terms of prediction accuracy and
convergence. After the provision of historical datee second version of the model was trained and finetuned

which met the evaluation criteria we imposednothe model in order tooutput a highvalue solverensuring

accuratepredictiors,which in turn can help stakeholders develop their customised solutions.

No deviationsre reported due to careful planning of the solver amdtinuous development according to CI/CD

principles which prevented bottlenecks while waiting for the provision of historical data.

Table5-8: Time Plan for Solver ES_08

Development Stage Status Date
Identification of user needs and technical requirements Finished Dec24
Model Selection Finished Jan 24
Initial datasets generated fdhe first version of ES_08 Finished Jan24
:Trﬁ r:‘és’tavnecgs\jglr;dcgtiltzj)_%asdeveIoped and teste@including model development Finished Feb 24
Historical datasets collected Finished Mar 24
The £condversion of ES_0O&asdeveloped and tested Finished Apr 24
Model tuning/validation Finished May 24
Demopreparation Not started | Sep 24
Final API deployment Not started | Sep 24

Solver Demonstration

ES_O&as been made compliant with the TIC4.0 format as shoviigare5-9. The TIC4.0 format conversion is

made toachieve uniformity with all solvers that will be developed as part of3panisnJCand to comply to
with a vitalindustry format that enables interoperabilignd the development of E2Bultimodalsolver flows
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TIC 4.0 CONVERSION:

{'goodsvisit': {'cargo': {'id': 'ISO 6346,', 'type': 'parcel'}, qualifier': 'Warehouse’,
‘amount’: {'number': [{'pom': ‘output', 'name’: 'DHL ILLESCAS',
‘pomt': ‘estimated’, ‘value': 'B 2',
'unit': 'units’, 'berthing': '2'}]},

‘timestamp': '2023-11-23T700:00:00',

‘value': 39.645954}]}, destination': {'companyname': 'DHL',

‘inbound’: {'modality': 'vessel/truck/train/barge/interterminaltransfer/unknown EDI_ID:8@66", ‘carriertype’: ‘Metro’,
‘modalitycode': 'EDI_ID: 8067', ‘streetaddress': "'
‘time': [{'pom': 'output’, ‘city': 'Madrid’,

‘pomt': ‘actual’, 'postcode’: '',

‘timestamp': '2023-18-26T17:31:49.758Z'},

T —— logical': [{'pom': 'ioutput’,

‘pomt': 'estimated’, 'pE.Jm‘C' : 'actual',
'computingtime': ', "timestamp': '2023-11-23T00:00:00°',
‘forecasttime': '2024-85-14T17:55:59.043346", ‘qualifier': 'Depot',
‘timestamp': '2823-11-23T00:00:00'}], ‘name': 'VILLAVERDE'

:carr%er'g [{:ld'i":}]:” ‘value': 'Line 3',

carriervisit': {'id': i . 3 . S

‘service': [{'id': ''}], t.Jer‘t}.ung 2 2%

‘servicevisit': [{'id': ''}]}}, 'tripemissions': [{'pom': ‘'output’,

‘carriertrip': {'origin': {'companyname': 'DHL', ‘pomt': 'actual’,

'streetaddress': '', 'unit': 'kg',

ity tededs, "timestamp': '2023-10-26T17:31:49.733Z',

postcode’: . -

‘logical’: [{'pom': 'ioutput’', value': @,
‘pomt': ‘actual’, 'starttimestamp': '2023-10-26T17:31:49.733Z°,
"timestamp': '2023-11-23T€0:00:00', ‘endtimestamp': '2023-18-26T17:31:49.733Z'}]1}}},

Figure5-9: Example of the conversion of ES_08 to the TIC4.0 format

Figure5-10shows 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 afgwision of historical data for training our model.
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Figure5-1Q Initial Model Predictions Using Generated Data for Training our Model

Figureb-11shows the results from solver ES d@fter the model was trained with historical data. The predictions
are centredaround the actual value, indicating good prediction capability @ntsideringeal outliers based on
real data.
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Figure5-11ES_08 Predictions Using Real Data for Training our Model

SolverES_0% Predict the number of marthours required on MDM activities

Solver ES_09 is designapredictthe capacity of parcels and rollers, categed as small or large, for each line
within a depot and station, along with the maours requiredo process themlts primary function is to forecast

the capacity needs and associatietbour requirements over a future period of seven days, sititj a 30day
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 witlollectinginput 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 tthemne of small and large parcels

and rollers processed and tHabour required to handle them. By examining these patterns, the solver can
identify significant trends andehaviourghat influence capacity anibourdemands.

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@ach line within the depot and station, as well asldi®urhours 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 maet demand without overextending
resources or facintabourshortages.

In practical application, the predictions generated by solver ES_09 enhance the efficiency of operations within
the depot and station. Managers can w#ithe forecasted capacities adbour requirements to optinse
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 miningsing delays. Additionally, by accurately predictiragpacity needs and man hours, the
depot can avoid the costs associated with understilon or overstaffing, leading to more efficient and cost
effective operations.

Overall, solver ES_09 represents a significant advancement in logistics and depot manaly@reeaging 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 effectintdgrating detailed
historical data with advanced predictive algorithms ensures that the forecasts are reliable and precise, making
this solver an invaluable tool for optiamg depot and station operations and improving overall efficiency.
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Development Timglan and Deviations

Table5-9 presents thecurrent time plane for the development of solver ES_09 and the future planning until the
fully developed solveis part of the FORFREIGHT platfornthe ML model was developed based on historical
data providedand we separated the effort from the marours model in order to avoid any potential
bottlenecks. The mahours model is currently being studied and will be part of the second (full) release of the
solver scheduled for early September 2024.

Table5-9: Time plan for solver ES_09

Development Stage Status Date
Identification of user needs and technical requirements Finished Apr24
Model Selection Finished May 24
First version of ES9@vaspartiallydeveloped andnitial tests performed | Finished May 24
PM initial model studies Finished Jun24
ES_O fullydeveloped and tested In Progress Sep24
Demo preparation Not started Sep 24
Final API deployment Not started Sep 24

Solver Demonstration

ES_03s still under developmenand has notdevelopeda full demonstratiorto report its capabilitiesWe will
consider a scenario that cgmovide usersith a sens 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
categorgsed as small or large. To enhance operational efficiency and resource allocation, the company
implements solver ES_09, a sophisticatedb@ded predictor designed to forecast the capacity of parcels and
rollers per category for each line within the depotdastations, along with the required man hours. Over a 30

day lookback period, the company collects detailed data on the capacity measutevanhours 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 requirddbour 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 staffingdls, avoid congestion, and smooth operations. Continuous
reaktime data ingestion and midieek 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 dérnransportation systems can automate scheduling and routing
adjustments based on reéime predictions, further optinging efficiency.

" FORFREIGHT2(24 Page [45




D2.2 FORFREIGHT multimodal transport platformFirst full drop

Solver ES_10 Optimal cranes schedule at Port of Valencia

During the development and integration phase of the Spanish solversgstconsideredhat the functions

initially intended for solvers ES_10 and ES_11 could be effectively encompassed within the capabilities of solvers
ES 01 and ES_(3onsolidating these functionalities into ES_01 and ES_03 allowed for a more efficient use of
development resourceslhe 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 resouraedjmprove dataintegration

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 théslver has beedescribedwithinthe ES_01 and ES_03 reports.

Solver ES 14 Optimal human resource utilsation 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 e¢hfesctionalities 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 improvéndeggation.

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

Further explanation about the integration of this solver has been describedwii® 01 and ES_03 reports.

Solver ES_1Z Recommend (before journey) the E2E route planning which optirsés time, cost
and emission factors

This solveis designed to recommend optimal routesnsidering dierent factorssuchastime, cost andGHG
emissionsES_12 builds on the functionalities offered by the ES_04 and ES_05 solvers, incorporating the cost and
GHGemission predictions of a certain route, and will add the time factor to the predictions to offer an optimal
route planner based on these three factofihe uses will receiveroute recommendations based on specific
criteria, such as cosEHGemissions or time, allowing for flexible and custeale route planning solutisthat

will support ther decisionmaking

The wrrent solverapproachconsiders that usersanquery 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, cosffectiveness and environmental sustainability.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, tim8ld@dmission predictions of the routes,
with the individual functionalities offered by ES_04 and ES_05 integratetwhich will later be updated by the
ES_13 to provide the possibility to adjust schedules during the foutthose transport means that have the
capability to change routes during the trip (vans, trucks).

DevelopmentTimeplan and Deviations
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Table5-10 outlines the development timeline for thE2E route plannindt details the key stages involved and
the estimated duration for each phaseis pointed outthaii K A &  #in® plah & NMuRjéct to the development

of the ES_04 and ES_05 solverspse development is the foundation of this solver.
Table5-1Q Timeplan for solver ES12

Development Stage Status Date
Integratlon_and testing of ES_04 and ES| In progress May 24
functionalities
Addition of time capabilities In_progress, ES—Q4 and ES_05 provide i May 24

parametersfor their routes
Deploy first versionAPlof ES_12(to be
updated on 3 drop of solutions) In progress May-Jun 24
Model selection In progress Jun 24
Model development Not started JunJul 24
Model tuning/validation Not started AugSep 24
Demo preparation Not started Sepz24
FinalAPI deployment Not started Sep 24

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

Solver Demonstration

Figureb-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 calculatadsociated time

This example trip covers the route originating at the lllescas DHL warehouse and ending/@Nh€anillejas
depotviavan Thevanwill follow route 1, a commonly used route fahis depot trip The calculated tripime,
determined by ES_12,2500 second&5 minutes)and it isdisplayed in theduration’ field with thetime value
indicated in"value".

"name": "Van_Ruta_1-DHL Illescas (Toledo)-Depdésito Canillejas”,
"origin":

Yeityra=Tllescast)

"companyname": "DHL",

"postcode": 45200,

"streetaddress": "DHL Illescas (Toledo)"
‘duration’: ‘ioutput’,
‘pomt’:
"timestamp’:
“unit’:

[{'pom':
‘estimated’,
'2024-06-06T10:21:17Z",
‘second’,

‘value': 2700}],

Figure5-12 Excerpt of ES_12 TIC4180Noutput
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Solver ES_1% Recommend (during journey) the E2E route planning which optirséstime, cost
and emission factors

Solver ES_18xpandsthe functionalities of ES_12, offering réahe updates and recommendations f&2E

route planning during the journey. It incorporates components for ogsimgi time, cost andsHGemission,

similar to ES_12, with the capability of updating route planning dynamically based on changing conditions and
circumstances during the journelf.will considerpotential circumstances such as traffic or deviations from the
original route Therefore, solveES 13 will be considered an update of sohNE$ 12 by adding this cdemand

update functionalityand it will provide reatime updatesfor the users of the planned route

This solver will focus on trips made by road using trucks or. iaedogic otthis 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 thie characteristics)lt will offer an updated version of the ES_12 sohadlowing road vehicle
users to update the route planning in rei@he.

Development Timglan and Deviations

The aevelopment 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

Table5-11 Timeplan for solver ES 3

Development Stage Status Date
Integration and testing of ES_04 and ES_05 functionalitf Completed May 24
First versiorSolver ES_12 In progress Jun24
Addition of realtime capabilitiesnto solver ES 12 Not started JukNov24
Deploy first version of E$3 Not started Nov24
Demo preparation Not started Nov24
API deployment Not started Nov24

As ES_13 is still in a planning phase, there are no deviations from the estimated timeline, hohadleziges
related to the integration of realime update functionare expected to appear throughout the developmefit
this solver.

Solver Demonstration

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

SolverES_14 Reaklime tracking of container

Solver ES 14 facilitates rdmhe 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 l0T devices for installationtmicks belonging to CSLS's partner companies. Specifically, these were

" FORFREIGHT2(24 Page |48




D2.2 FORFREIGHT multimodal transport platformFirst full drop

two Teltonika FMP100 deviceSalileo compatiblegonfigured to offer comprehensive monitoring capabilities.
This solution ensures full visibility of the cargo in real time for Scenario 1 of the SpdRhishabling complete
status awareness, including event/incident registration, transport conditions, and digital Proof of Delivery upon
arrival.

The loTdevices werénitially configured with custonsed 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. Follovsiiadjation,
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 ®aluate the performance and durability of the devices in «wafld logisticsroutes
starting from Valencia PorF{gure5-13). During this period, data transmission and analysis were rigorously
tested.

Santander San Sebastian

Pamplona’/
Irufa

Gas
.....

Zaragoza

venca

Figure5-13 Testing reatime 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 opesource GPS trackinge 4 4 SY Ayadltft SR 2y 1L¢Qa 20!l f
setup facilitates realime monitoring of vehicle locations and movements and collects additional data points
such as speed, engine status, and route deviations. The upcoming phase inoatiesting trials at the Spanish

pilot site over approximately one month. The systematicalhalyseddata from these trials will assess the
efficiency and reliability of trucking routes. The insights gained will contribute to developing innovative solutions,
including Digital Twinsyhich areexpected to enhance predictive maintenance models and opéithroute

planning, significantly improving decistiamaking and strategic planning.

Development Timglan and Deviations
Table5-12 Timeplan 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 thext drop of solutions.

Solver ES 15z Reaklime tracking of roller cages

Solver ES_15 is part of Scenario 2 in the SpaiHfiocusing on realime tracking of roller cageat selected
checkpointsas they travel from the DHL warehouse to the Metro de Madrid warehouse and then to their final
destinations, the station lockergwo mobile phones equipped with Galileo and 5G capabilities will be fased
location data collectionPhones 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 sit¢hestwo 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 amg sy#cifically adapted for

the requirements of thaJC 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 coritgjronlyparcels 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 firsthtion 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 tiea@ for process monitoring and reéime
decisionmaking. 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 SpadiShnd will be used for predictioof capacities

(train wagons, trucks, storage).

Development Timglan and Deviations
Table5-13 Timeplanfor 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 readeapplication development Ongoing 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.

SolverES_1& Digital Proof of Delivery

Solver ES_16 a critical component integrated within the platform developed by IEWill be the Blockchain
functionalitythat ensuresthe integrity of the deliveries and providémestamps/signatures toerify the identity

of the processesThe primary objective of ES_16 is to establish a reliable method for confirming deliveries and
tracking shipments using blockchain technolo@iis solver ensures the immutability and transparency of
delivery records, facilitating the verification of deliveries and providing a trail of transactions.

Thedigital platform, based on the DataPorts H2020 pro[éttis ablockchainbased solution usinglyperledger
Fabricdeployment Data form different sources will be gathered and registered indloekchain infrastructure
through the chaincode. 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 Timglan and Deviations

Development planning islinked it KS RS LJX 2@ YSy (i IyR lR2dzaAGYSyld 2F (KS
version was deployed, workeganon adding theblockchain component (ES_16Jjhe followingTable5-14
represents this timeplan:

Table5-14 Timeplan for solver ES @

Development Stage Status Date
Platform prototype deployed Finished Jan 24
Initial platform configuration Finished Feb 24
Creation of service and roles Finished Feb 24

In progress Working
DSYSNIGS !t L LibhRnedoé | & LIS NI S R 3 S| over the initial version Sep24
of HyperledgeiFabric

Create an enrolment endpoint in the API: This method will validate
token from the token provided by the back, generate an identity, crg Not started Jun 24
its cryptographic material (certificate obtained from the CA and priy

" FORFREIGHT2(24 Page |51




D2.2 FORFREIGHT multimodal transport platformFirst full drop

key), store it in the wallet of the DB and return the data of the blockcl
identity.

Create an endpoint to invoke the methods of the HEREIGHT cha
code: This endpoint will receive the data of the invoking blockc
identity, the name of the method to invoke amdethod parameters if
necessary.

Not started Jun 24

Adapt the front/back to allow the request for registration/retrieval

blockchain identity of any company/user, and its storage in the DB. Not started Aug 24

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

Not started Aug 24

Demo preparation Not started Oct 24

Nomajordeviations 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
solverfunctionalityis working.

Solver ES_17% 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 comegdoanging 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 cliefiise answer to this gap has been thevelopment of the
project platform for sharing data angrocessesenabling the interoperability between these stakeholders
Precisely, with the development of the functionality twnnect DHL and MDNh their locker requests
management.

This solver ES_17 addressbhi&s need for a decentraded platform that facilitates the sharing of data and
documents between different stakeholdemsanaging locker spacgespecifically targeting connectivity between

MDM and DHL. As aimtegral functionality of the platform, ES_17 enables seamless communication and
collaboration between these two stakeholdewgho currentyR2 y QG KIF @S | O02YY2y &Ay3
together.

The platform[6] whichincorporakesthe ES_17functionalities, is currently operational and running. The process
of requesting lockers has been defined and mapped on the platfasdepicted in, allowing stakeholders to
performthese processeis an interoperable mannei his process has been defined jointly by DHL and MDM, to
represent the message exchange process that will take place when DHL needalioutske locker availability
to the locker manager (MDM in this case, later to be replicated by another locker management conijheamy).
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the locker manager will be able to respond to DHL whether the regaesiceped or rejecked, in case there is
or is notavailablespace in the lockers.

Client Retailer DHL Locker owner (MDM)

Locker booking
e

Check avaikabity >

Check avaiabity

—»
Confrm ava /
¢ S0im avalsbRy
Confirmation
‘. ..........
Service book
St
Goods
Packet delven
very
Client Retailer DHL Locker owner (MDM)

Figure5-14 Locker request process ES B8Zenario 2

Thiscommunication between the two stakeholders has been enabled througfutinetionality offered by solver
ES 17and acessed througkhe platform developed by FV

Development Timglan and Deviations

Development plannings linkedtothe RS L 2 @ YSY G | YR I R 2 dzi {DNc8 gniinintu viablg S
version was deployed, wotkeganon defining the ES_17 functionalifijhe followingTrable5-15 represents this
time plan:

Table5-15 Timeplanfor solver ES_17

Development Stage Status Date
Platform prototype deployed Finished Jan24
I\D/Ie[z;‘iait;ré ([))f F’:Ee operational process wit] Finished Feb24
Initial platform configuration Finished Feb 24
Creation of service and roles Finished Feb24
Creation oDHL and MDMisers Finished Feb24
DevelopLockermookingsservice In progress Apr24
Develop Accept/Reject request function | Finished Mar 24
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Demo preparation Not started May-Jun24

Activateservice for the users Not started Jun24

There have been no significant deviatioimsthe development ofthis functionality. The development and
implementation of the decentraded platform for sharing data and documents have proceeded according to
schedule, with successful deployment and operatisasibn 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 accessilbteusers withd t ISRHDO RSt A OSHE 202 $NIF YBE ¥ E ISNE |y

1. 2 KSy | 00SaaAiry3a (GKS @GASs 6AGK (GKS NBfS atl NOSt R
the date, metro station and how many lockers are required. After registering the requestyail will
be sent to the NDM contact address informing of this.

2.2 KSy | 00Saairy3a (GKS @ASs o
G! O0SLIikwSe2S0ie¢ FASER Ay S
user who registered the request.

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

AGK GKS NBtS a[201SNJ
FOK 2F GKS f201SN NBJ

Figure5-15shows an example diie current versionhow the service works, where each request can be accepted
or rejected, and the information associated with each request is included.

Locker bookings at metro stations

-
9

fo)

Figure5-15 ES UC Locker booking at metro stations example
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6 Greek Use Case
6.1 Scope and Objectives

The primary objectives dhe Greek Use Case (GBQ revolve around addressing reafborld challenges within

the seaair T&L chain, particularly involviegrrying freight from thd?ort of Piraeuso the GOLDAIRarehouse

(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 planrdog to reliance on outdated information.

Solver clusters layer

Aircraft Automated
Booking/ Next Aircraft
Recommender

Localizer (Freight
tracking) / Real-
time routing
recommenders

ETA
predictors

Tracking the T&L
line performance

Problems layer

Sub-optimal
costumer
service

Sub-optimal
resource
allocation

Number of
handling
errors.

Increased
Costs

Increased GHG
emission

Root causes layer

Lack of unified management systems via common interfaces (low
interoperability)

Long delivery
times

Low digitalization/automation of the logistics processes

Warehouse
Planning
Optimizer

Per-sub-route
Transport Time,
Cost and
Emission
Predictors

Resource
Capacity
Predictors

Carga’s Dwelling
Time/Duration Stay
Predictors

Strong
dependence
on fuel

Sub-optimal
T&L line
performance

Sub-optimal
inventory
management

Limited
Visibility

Sub-optimal resource planning based on outdated
infermation

Figure6-1 The association of root cause layers, reabrld 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, increasirggtibigitali

and automation, and improving resource planning accuracy, GR_UC seeks t@@pperations, reduce costs,

and improve overall performancé&igure6-1 maps out the association between root cause layers,-neald
problems, and proposed solver clusters, highlighting the holistic approach to address the challenges in the sea

air transportation and logistics sector.

6.1.1 KeyPerformance Indicators (KPIs)

This chapter elucidates the correlation between the proposed solvers and the @& UCTHe Ipramary 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.

Table6-1 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, GRGE9 12

Reduction of container idle time at the airport |
25%

GR_01, GR_08, GR_21

Reduction of customeglearanceprocess time by 20%

GR_01, GR_02, GR_08, GRGE9 12

Reduction of errors by 20%

GR_13GR_16, GR_2GR_23

Increased efficiency of the storage space by 15%

GR_01, GR_03, GR_04, GR_08, GRR)42
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Increased E2E capacity due to optinsation of | GR_01, GR_02, GR_08, GRG&J 12
resource utikation by 20%

6.2 Partner Roles

WINGSlevelops software for various vertical sectors. From a technical perspective, WINGS will assume the role
of Technology developer and integrator for the muftodal logistics solution to be implemented for the GR trial,

by utilising and upgrading the funonhality 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
providesE2Emonitoring and control of the entire multimodal process. WlBN@ans 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 toT@&chnological Readiness LeVidRL 7.

AlAwill offer operational expertise and an operational airport environment for the conduction of thdifeal
trials. AIA will provide user requirements for the development of the project tools and methods and will
contribute to the design and implementatiocof 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 participatiomdustry-related events and forums, as well as

in standardisation and polieaking activities by communicating the project results to aviation industry policy
making Bodies and Organisations.

COElprovides shipping agency services to develop brokerage, shipping, transport, and commercial activities and
undertakes to transport goods in containers by any meansh as sea, land, rail and air transport. COEL also
provides customs clearance, import, export, storage, and cargo transhipment services. In HREQRIT

project COEL will provide the ender requirements and will participate in the validation of fiveal solutions,

while it will also enable the execution of the GR trials throughutilesation of its2 6y | YR O2 2 LISNI G A Y
assets Piraeus Consolidation & Distribution Cen{®xCDC) 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 ofOnBoard Units ©BU$ and parking sensors took place in COEL trucks and GOLDAIR
respectively. TheOBUsconcernspecialbed telematics devicewhich areinstalled o/ h 9 fru@k® to monitor

and manage vehicle operations. Mounted on trucks tréwglfromthe 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 informatiotheriocation, speed, fuel consumption,

and environmental conditions of théruck This data is crucial for optiamg routes, improving safety, and
enhancing the overall efficiency of the transportation processfeeding theGreek UQQ solvers with valuable

input.

Theparking sensors are R@F Yy OSR Ay RdzOGA2y aSyaz2NBR &GNl G6§S3IAOLTTEeR
and unloading lanes. Induction sensors operate based on the principle of electromagnetic induction. They detect
changes in the electromagnetic field caused by the preseheelarge 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 blalissights into the efficiency of
warehouse operations, including the wdtion 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 andeoptimi
the flow of goods within the warehouse. This information helps stresemiarehouse activities and imprev
resource allocation.
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6.3.2 Integration with the Platform

Toensurethe integration process is held accordingibat was planned in the development planning tasks, the
GR_ UCsolversare developed to fit the solver archetype, requiring small changes such as splitting solvers that
were initiallydesigned 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, whichntains the information required to deploy not only the container

with the required source code and additional utilities whenever requiredstheice exposure and an ingress to

make the API available for external access.

TKAa dzasS OFrasSQa 9n9 az2f @Ay3d LINRPOSaa ¢l a GKS akNBRG
additional requirements were identified through this process, which in tinitiated 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 UCused additional tod to showcase the solutions developed.

L FOR
LI FREIGHT

Flexible, multi-mOdal & Robust
FREIGHt Transport

ot St PT—

& 0.0 = 9.6

At Torgermss i e

4 1394 § 3482

Lp— 3 revare

0 1028.28 0 1015.96

Ol G St e

& 0.0 § 1394

Jp— o oy

0 1028.28 6 381

@ 4465.0

Figure6-2: lllustration of the GR_UC FORREIGHT dashboard
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The FOREREIGHT dashboard developed for GR_UC standslassaand 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 intemfration
legacy systems from COEL and GOLDAIR, providing a unified interface for streamlined operations.

At the heart of the FOIRREIGHT dashboard are the deployed OBUs and parking sensors, which entbie real
tracking and monitoring of trips. Users can accesstigad and historical trip information, empowering them
with valuable insights into past perfmance and current operations.

One of the key features of the dashboard is its dsendly interfacewhich isdesigned for easy configuration

to accommodate diverse user preferences. With a rich library of widgets, users can astioeni dashboard

to display the most relevant information for their needs. Additionally, a dedicated card allows for seamless of
sensor datavisualisation 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, enablinth@fly execution of preferred
solvers to address specific challesgor optimse operations. This flexibility empowers users to leverage the full
potential of the dashboard as a dynamic decision support tool within the GR_UC ecosystem.

ForFreight AP1®

ot -amipecart

Figure6-3: Illustration of the FORFREIGHT 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, anc
solver APIs.

2. Data integration: The data sources integrated into the platform as an essential step ensuring the
compatibility and seamless communication between different systéinnsugh the exploitation of
dedicated APIs.
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3. Hardwareintegration: In this step we integrated the deployed OBUs and parking sensors ensuring proper
calibration and synchrogition to accurately capture trip information and re@the events in the
warehouse.

4. Legacy systems integration: Different legacy systems were integtat€tDEL and GOLDAIR into the
GR_UC local platform harmainig 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 solveriserv

6.4 Solutions Development Status

As an introductory noteit must be highlighted thathere were some slightdeviationsfrom the solution
development procesdasicallydue to the intricate and time&onsuming process required for integrating the
legacy systems of the stakeholders involved in the UC. The primary cause of thestichangess the extensive
effort necessaryor this integration. However, no critical issugscurredfrom this delay, as synthetic dateas
created to accurately mimic the outputs of these systems, and thessaerg algorithms to process this data have
been developed.

Solver-GR_0X Time of arrival estimation

An estimaton 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 datathe route. The following sketch illustrates the functional
requirements as well as its outpuiVith this departure data, the system then wi#s 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 siblpansideringcurrent and past

traffic conditions. The following sketch illustrates the functional requirements of this systdrtssoutput.

API GR_O’] MQ
Input1 Output 1

/ csv
JSON

“Route 1 details™: “Name of the roads”,
“Departure time from the port”: yyyy-
mm-dd hh:mm:ss, “ETA”: yyyy-mm-dd
hh:mm:ss

{“Best Route details in terms of
minimum CO2 emissions and timely
arrival to the airport™: “Route #”}

, {“Departure time”: yyyy-mm-dd
hh:mm:ss}, {“ETA”: yyyy-mm-dd
hh:mm:ss}, {*CO2 emissions”: 123}

“Route 2 details™: “Name of the roads”,
“Departure time from the port”: yyyy-
mm-dd hh:mm:ss, “ETA”: yyyy-mm-dd
hh:mm:ss

Figure6-4: Representation of the flow of information of GR_01 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations

The followingTableoutlines the development timeline for the development of the ETA prediction solver
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Table6-2: Timeplan for solverGR_01

Development Stage Status Date

Identify relevant data sources, includit
gate outevents from the Port of Piraeuy Completed Nov 23
Parking events at GOLD.

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

Duration (min)

Figure6-5: The duration time for the route PCTGOLDAIR Handling S.A via 2 routes. The green dots indicate the
predicted values stemming from the regression analysis model

For the solver demonstratigthe duration of theroute plotted against the start time from the port of Piraeus is
depicted for bothoptions as highlighted in the map. Routgllue colour)describes the route from the port of
Praeus to the AlA via the highlighted roads in a similar mato#rat presented for route 2Green dotsare the
predicted values stemming from regremsianalysis models.

Solver GR_0% Time estimation prediction at port

SolverGR_02 provides the port decision maker with information about available flights, considering several
criteria such as cost, duration, amépacity. Based on this information, the port decision maker selects the
preferred flight. Once the flight is chosen, the ETA, provided by GR_01, isseptigicording to the selected
criteria. This optinged ETA is then communicated back to the port decision maker.

In this system, several actors are involveexchangingnformation, 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 providetirealtracking information oftie trucks. The port
decisionmaker uses this coordinated information to orgsminternal resources effectively, ensuring that the

cargo is handled promptly and efficiently at the port to meet tpedfic flight's schedule.
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Figure6-6: Representation of the flow of information of GR_02 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations
The followingTableoutlines the development timeline for the time estimation prediction at port solver:
Table6-3: Timeplan for solverGR_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 tk Completed Feb 24
local platform
Integration and testing of GR_01, GR-_
GR 12 Completed Jun 24
Demo preparation using synthetic data | Ongoing Sep 24
Warehqusg Management SysteriVi1S Ongoing Oct 24
integration into the platform
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"
2
2/ OOPOOk PI OOMAAOEOEOEAOYK Dz
"Latest_check_out_time_from_the_port_gate": "yyyy - mmdd hh:mm:ss"
}
}

Figure6-7: TheJSON file of GR_02

The figureabove 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 communicdtéo the port decision makeso that port activitiescan be
coordinatedaccordingly.

Solver GR_03Screening time estimation

The focus ofolver GR_03 on accurately predicting the time required for cargo screening at the warehouse
stage. This screening will take place at @®LDAIR warehouse, which processes freight arriving from the port
of Piraeus.The procedure behind this estimatidnvolves a series of stepsvolving thewarehouselegacy
systems.Specifically, the algorithmske into consideration the screening rafiee., the product_ID/unit time
portion) and the order_IDs queud.e., thequeueditemsto be screenell Then,the baseline capacity of the
warehouse is taken into account (i.ehe percentage of the warehouse occupancy) using the WMS. The
processing of this information provides you witte screening time estimation based on the formula below.

h 0O dzLdt v, O® fuorhimb . + a8t Ay S hO

IR: Input Rate— )

OR: Output Rate{ )

IRim, ORm: Seasonal evolution of IR and OR

t: time
WMS A7 A

Input1 Output 1

/ csv
JSON

“Screeningrate’’: time/order_ID.
“Order_IDs queue”: # queueing orders “Estimated time of screening”’: Product
for screening. ID 123_Xmin screeningtime.

Figure6-8: 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 outpuihformingus of the estimated screening tineadthe corresponding Order ID.

Development Timglan and Deviations

The followingTable outlines the development timeline for the Screening time estimation solver:
Table6-4: Timeplan for solver GR_03

Development Stage Status Date
Creation of synthetic data Ongoing Jun 24
Algorithm development Ongoing Jul 24
Demo preparation using synthetic data | Ontgoing Sep 24
WMS integration into the platform Ongoing Oct 24
Demo preparation using real data Not started Nov 24
APIldeployment Not started Nov 24

Solver Demonstration

The following JSON file demonstrates fhputs and outputs from the GR_03 solvegmely the estimated
screening time

{
"WMS_infd:{ 23 A0OAAT ET @wnd Atind/ eofder ID e,
"Order_IDs_queue":" # queueing orders for screening

}1

"Output:  Estimated time of screening "
"Order_ID ": "ABC 123",
"Screening_time ™" # unittime ",

}

}
Figure6-9: The JSON file of GR_03.

The above figurdisplays 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 estted screening time along with the corresponding
Order ID.

Solver GR_04 Time staying prediction at warehouse

GR 04 focuseson predicting the total durationof a freight'sstay at the GOLDAIR warehoyseovering 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 aircraftBy leveraging historical data and reé@he inputs, the solver aims to provide
accurate predictions, optirsing scheduling, resource allocation, and overall operational efficiency at the
warehouseThe solveconsumes data from WM8gether with the OBWegarding theestimatedscreening time

the unloading rate of the freighthe aircraft loading time (based on historical datdie coordinationof the

freight. As a resultthe time staying prediction at the warehouse is calculated.

S o

Input 1 Output 1

/ JSON \ JsoN

“Geolocations/imestamps™":Goordinat “Geolocations/timestamps " ;:Goordinat
eslyyyy-mm-dd hh:mm:ss eslyyyy-mim-dd hh:mm:ss

AP -MQ
m

Input 1 Output 1

wMms [#] \ sson
csv “Estimated time of total stay duration at

warehouse’': Product ID 123_Xhours
“Unloading ato of th reghe” Kt total stay duration
Input 1 Output 1

csv
JSON

Sc eemnE rate” lme/cme\ D “Estimated time of total stay duratio
Order 1D #q & warehouse"" Prwucnmza xhours
forscreemng. total stay duratio

whircralt loading s\
um(ume

Figure6-1Q Representation of the flow of information of GR_04 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations
The followingTable outlines the development timeline for the timstaying prediction at warehouse solver:
Table6-5: Timeplan for solver GR_04

Development Stage Status Date
OBUs Completed Nov 23
Local integration of OBUs Completed Dec 23
oun
Creation of synthetic data Ongoing Jul 24
Algorithm development Ongoing Aug24
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WMS integration into the platform Ongoing 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, geolocationss@eéning 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 Z Historical data": "Unit time",
"Geolocations/timestamps™:
{
"Coordinates": "latl, lonl1",
"Timestamp": "2024 - 05- 28 14:00:00"
} il
"screening time":
{
"Product ID"; "123",
"Screening time": "30 min"
}1
}

utput™: {
"Estimated time of total stay duration at warehouse":
{
"Product ID"; "123",
"Total stay duration": "2 hours"

Figure6-11The JSON file of GR_04

Solver GR_05Transport costprediction

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 tsllThe 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 aibdind tolls to calculate the total transport cost
prediction.
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A

Input 1 Output 1
/ csv
JSON
“Route 1 details”: “Name of the roads”, {“Rou:e 1 details”: ‘:’Route #7}
“Departure time from the port”: yyyy- ,{“Costin Euros”: 123}

mm-dd hh:mm:ss
{“Route 2 details”’: “Route #”}

“Route 2 details”: “Name of the roads”, ,{“Costin Euros”: 123}
“Departure time from the port”: yyyy-
mm-dd hh:mm:ss

Figure6-12 Representation of the flow of information of GR_05 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations
TheTable below summasesthe time-plan for the completion othe GR_05solver.
Table6-6: The timeplan 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
:Qf:zglgﬁgggr?rf] Port legacy systems into tt Completed Feb 24
Integration ofthird-party applications Completed Sep 24
API deployment Not started Oct 24

Solver Demonstration

Figure6-13: Demonstration of GR_®&gure6-13illustrates 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 tifioe the lowest transportation cost is 6:00 am.
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Figure6-13 Demonstration of GR_05

Solver GR_06 Prediction of CO2emissionsfor the road part

This solver is abouyiredicting the CQfootprint of the freight transportation fronpoint A to point B. Several
factors have been considerddr the creation of the modelsuch ashistorical dataof the routesinvolved the
type oftruckandthe gasconsumed TheCQ conversion factodiffers depending otthe type of the vehicle used
(i.e.,Diesel consumed vehicles 28@) of CO2 litre, Gasoline consumed vehicles 2.30 kg of Cage). In the
end, the emitted C@&is givenby the formula:

Emitted CG= 2.68 Consumed gas

APl IGR_06 | Mo
Input 1 Output 1
/ csv
JSON
“Route 1 details”: “Name of the roads”, {“ROUTE“" detaiLs””: “Route #”}
“Departure time from the port”: yyyy- , {“CO, (kgn)”: 123}

mm-dd hh:mm:ss
{*Route 2 details”: “Route #”}

“Route 2 details’’: “Name of the roads”, ,{“CO, (kgn)”: 123}
“Departure time from the port”: yyyy-
mm-dd hh:mm:ss

Figure6-14 Representation of the flow of information of GR_06 with the necessary functional requirements as well as
the related output

Development Timglan andDeviations

The followingrable shows the timgplan for the completion of GR_Othe solvelisavailable using synthetitata
since [Bcember2023. WINGS will integrate real data and provide a complete version by the end of September
2024.

I Mickunaitis et al., Transport, Vol XXII, No 3 P- 168 (2007)
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Table6-7: The timeplan 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
:gizgl]r;a}g;grcr)rz Port legacy systems into tt Completed Feb 24
Integration of thirdparty applications Completed Sep 24
API deployment Not started Oct 24

Solver Demonstration

The followingfigure illustrates the evolution of G@missions 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 timdor the lowest C@emissions is 6:00 am.

Estimated CO2 Emission vs Actual CO2 Emission Estimated CO2 Emission vs Actual CO2 Emission
% Actual CO2 Emission § { ¥ x
@ Estimated CO2 Emission (Min CO2: 1.03 kg at 06:00) X 13 x !
. i ] ERITILL TR
! il P
x
X2 XY
15 x
% ! X i 32 eoe L4 4 I~ | &
[ o;o 5 x
B ! x L § x¥ 2 i ' H
R X 1] § g i, i
: oo § 11 x 2REx
g % 2 g x g x
g X x§ i i 5 ]
¥
o x ~
o . l o
: iy 1 s i
12 -] L] ¥
x % %
x oo
1 ii 09 '
£ § ¥ ¥ x  Actual CO2 Emission
% @  Estimated CO2 Emission (Min CO2: 0.84 kg at 06:00)
08
D D10 O 1910 91910 P 1 1 P9 10 DD 10 P10 1O P 4910 P P 19O S 10 P O O H
SOROPDODRO PO P PP PSP PSP D RD DD PPOP DD
B R R I RS AR R RIS R R R T 2L L LRI LR L

SIF IR PP PP VNI PP D PFFF PPN NN @G0

Start Time

Figure6-15 Representative plotsof the CQ emissbns as a function of the time of departure

Solver GR_0Z Warehouse capacity prediction

This solver focuses on predicting tba@pacity ofGOLD &arehouse in the AlA area.donsidersvarious factors
such as thdreight input and the output rates, and the baseline occupancyyanalysingthese elements, the
solverestimatesthe near future warehouse occupanggnerated

" FORFREIGHT2(24

Page |68




D2.2 FORFREIGHT multimodal transport platformFirst full drop

s T3 Don7

Input 1 OQutput 1
/ csv \
“Input rate of freight”’: “tons/unit time* JSON
entire tons the warehouse can host”:
example 123 %/day. “Predicted occupancy”: “123%

occupied warehouse”.
“Output rate of freight’’: “tons/unit
time* entire tons the warehouse can
host”: example 123 %/day.
“Baseline occupancy’’: “123% occupied
warehouse”.

Figure6-16 Representation of the flow of information of GR_07 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations
The followingTable depicts the timeplan for the completion of GR_07.
Table6-8: The timeplan for solver GR_07

Development Stage Status Date
Creation of synthetic data Ongoing Jun 24
Algorithm development Ongoing Jul 24
Demo preparation using synthetic data | Ongoing Sep 24
WMS integration into the platform Ongoing 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 ¥ | O Abasklineo@c@ipancy. 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 maregnd 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"

} Figure6-17 JSON of the solver GR_07
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Solver GR_08 Slotting and location assignments reconmender

This solver prioriges slotting optinsation andlocation assignments, streamlining the process for trucks. It offers

recommendations regarding the availability of (un)loading lanes and the optimal time windows for their

utilisation.

WMS AP|

Input 1

/ csv

“Lane 1 availability— Date and time
window”': Lane 1 available 9:00-10:00,
13:00-14:00, 17:00-18:00 May.28, Lane

1 available 9:30-10:00, 13:10-14:00,

17:10-18:00 May.29

“Lane N availability — Date and time
window": Lane 1 available 9:00-10:00,
13:00-14:00, 17:00-18:00 May.28, Lane

1 available 9:30-10:00, 13:10-14:00,

17:10-18:00 May.29

Qutput 1

\ JSON

“Lane

{
availability": [

“Lane":"Lane 1",
“Availability”; [

{
Date": "May 28",

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

L
{
Date": "May 29",

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

}
1
h
{

"Lane": "Lane 2",
“Availability": [

{

"Date": "May 28",

"Time Window": "

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

I3

{

"Date": "May 29",

"Time Window": "

10:30-11:00; 14:10-15:00; 18:10-
19:00"
}
1
}

/f Add more lanes as needed in a similar format

1
}

Figure6-18 Representation of the flow of information of GR_08 with the necessary functional requirements as well as

Development Timglan and Deviations

the related output

The followingTable depicts the timeplan for the completion of GR_08.

Table6-9: The timeplan for solverGR_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 Ongoing 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 reatime 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 efficientlacation 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"
h
{
"Date™: "May 29",
"Time Window": "9:30 -10:00; 13:10 -14:00; 17:10 -18:00"
}
]
2
{
"Lane": "Lane 2",
"Availability": [
{
"Date"; "May 28",
"Time Window": "10:00 -11:00; 14:00 -15:00; 18:00 -19:00"
h
{
"Date™: "May 29",
"Time Window": "10:30 -11:00; 14:10 -15:00; 18:10 -19:00"
}
]
}
/I Add more lanes as needed in a similar format
]
}

Figure6-19 JSON file of GR_08

Solver GR_09 Available flights recommender for delivery time minimisation

This solver is focused on thecommendation of the next available aircrafor the minimisation of the transport

time for a cargo departinfom GOLDAIR Handling S.Aatty world destinationSwiftly identifying optimal flight
options ensureexpedited delivery and efficient logistics management, enhancing the overall performance of
cargo transportation operations.
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csv

“Flight 1 details™: “Company”, “Destination”: ADBC,
“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”: 123, “Number

of transits”, 123, {“Best Flight details”:

“Company”}

, {“Destination”: ADBC},
{“Departure time”: yyyy-
mm-dd hh:mm:ss}, {“Arrival
time”: yyyy-mm-dd
hh:mm:ss}, {“Cost per Kgr”:
123}, {“Cost percbm”, 123},
{“CO2 emissions”: 123},
{“Number of transits”, 123}

N

Outp
ut1

“Flight2 details™: “Company”, “Destination”: ADBC,
“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”: 123, “Number
of transits”, 123

WMS API

Figure6-20: Representation of the flow of information of GR_09 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations
TheTable below summases thetime-plan whhwill be followedfor the completion 0ilGR_09.
Table6-10 The timeplan for solverGR_09

Development Stage Status Date
Creation of synthetic data Completed Nov 23
Algorithm development Completed Dec 23
WMS integration into the platform Ongoing Oct 24
Demo preparation Not started Nov 24
API deployment Not started Nov 24

Solver Demonstration

Thefollowing 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. Subsequenttypresents 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 informedidies regarding their flight selections,
considering both time and environmental factors.

" FORFREIGHT2(24 Page [72




D2.2 FORFREIGHT multimodal transport platformFirst full drop

"user_input™: {
"desired_destination": "Paris",
"selected_criterion™: "Earliest time of arrival"
3
"Output: Best flight details™: {
"Flight company": "ABC",
"Flight Nr": "XYZz123",
"Departure time": "yyyy -mmdd hh:mm:ss",
"Arrival time": "yyyy - mmdd hh:mm:ss",
"Cost per Kgr": 123,
"Cost per com"; 123,
"CO2 emissions (Kgr)": 123,
"Number of transits": 123

Figure6-2t JSON file of GR_Q9

Solver GR10GAvailable flights recommender fortransport cost minimisation

The objective ofhis solvelisfocused on theecommendationof the next available aircraffor the minimisation
of the transport costof freight from GOLDAIR Handling S.Arny world destination.

csv

“Flight 1 details™: “Company”, “Destination”: ADBC,
“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™: 123, “Number

of transits”, 123, {“Best Flight details in terms

of cost”: “Company”}

“Flight 2 details"": “Company”, “Destination”: ADBC,
“Departure time": yyyy-mm-dd hh:mm:ss, “Arrival
time™: yyyy-mm-dd hh:mm:ss, “Cost per Kgr™: 123,

“Cost per cbm”, 123, “C0O2 emissions™: 123, “Number
of transits”, 123

, {“Destination”: ADBC},
{“Departure time": yyyy-
mm-dd hh:mm:ss}, {“Arrival
time”: yyyy-mm-dd
hh:mm:ss}, {“Cost per Kgr":
123}, {*Cost percbm”, 123},
{*CO2 emissions™: 123},
{“Number of transits”, 123}

N

Outp
ut1

WMS API

Figure6-22 Representation of the flow of information of GR_10 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations

Thefollowing Table summarses the timeplan whichwill be followed for the completion of GR_10.
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Table6-11 The Timeplan for solverGR_10

Development Stage Status Date
Creation of synthetic data Completed Nov 23
Algorithm development Completed Dec 23
WMS integration into the platform Ongoing 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 basetramsiiat
cost

{
"user_input": {
"desired_destination": "Paris",
"selected_criterion™: "Minimum cost"

}

utput: Best flight details": {

"Flight company": "ABC",

"Flight Nr"; "XYZ123",

"Departure time": "yyyy - mmdd hh:mm:ss",
"Arrival time": "yyyy -mmdd hh:mm:ss",
"Cost per Kgr": 123,

"Cost per com™: 123,

"CO2 emissions (Kgr)": 123,

"Number of transits": 123

Figure6-23 JSON file of GR_10

Solver GR_11Available flights recommender for CO2 footprint minimisation

The mainobjective of this solver is to provideecommendation of thenext aircraft to the userfor the
minimisation of the CQfootprint for the transportation of a freight from GOLDAIR HargllS.A taany world
destination.
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csv

“Flight 1 details"": “Company”, “Destination”: ADBC,
“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": 123, “Number
of transits”, 123, {“Best Flight details in terms
of minimum CO,
emissions”: “Company”}
. {“Destination”: ADBC},
{“Departure time™: yyyy-
mm-dd hh:mm:ss}, {*Arrival
time": yyyy-mm-dd
hh:mm:ss}), {“Cost per Kgr":
123},{"Cost percbm”, 123},
{*C0O2 emissions": 123},
{“Number of transits”, 123}

“Flight 2 details": “Company”, “Destination”: ADBC,
“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™: 123, “Number
of transits”, 123

Qutp
ut1

WMS API

Figure6-24: Representation of the flow of information of GR_11 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations
TheTable below summases the timeplan which is going tbe followed for the completion of GR_11.
Table6-12 The timeplan for solverGR_11

Development Stage Status Date
Creation of synthetic data Completed Nov 23
Algorithm development Completed Dec 23
WNMSintegration into the platform Ongoing Oct 24
Demo preparation Not started Nov 24
API deployment Not started Nov 24

Solver Demonstration

TheJSONhFigure6-25RS&a ONA 0 Sa (KS Ay llzia FyR 2dzilldzia 2F GKS
minimisation.Users enter the desired destination artdeir chosen criterion specifially, the minimum CQ
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 pey, the CQemissions, and the number of transits.
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"user_input"; {
"desired_destination": "Paris",
"selected_criterion™: " Minimum CO2 emissions "
3
"Output: Best flight details™: {
"Flight company": "ABC",
"Flight Nr": "XYZz123",
"Departure time": "yyyy -mmdd hh:mm:ss",
"Arrival time": "yyyy -mmdd hh:mm:ss",
"Cost per Kgr": 123,
"Cost per com"; 123,
"CO2 emissions (Kgr)": 123,
"Number of transits": 123

Figure6-25 JSON file of GR_11

Solver GR_120verall bestflight recommender

In solverGR_12the 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 thaverall best flight selectionemphasiing efficiency, coseffectiveness, and environmental
sustainability in air transportation operations.

csv
“Flight 1 details"; “Company”, “Destination”: ADBC, ‘"B.e.S‘ anm‘ dele_uts
“Departure time": yyyy-mm-dd hh:mm:ss, “Arrival combining eariesttime of
time™: yyyy-mm-dd hh:mm:ss, “Cost per Kgr*: 123, “”“‘ﬂ_l- minimum cost,
“Cost per cbm”, 123, “CO2 emissions™: 123, “Number m.\nlmum “':'”.“"E’ of
of transits”, 123, transits, and minimum CO,

emissions”: “Company”}
.{"Destination”: ADBC},

“Flight 2 details": “Company”, “Destination”: ADBC, “Departure ime":
“Departure time": yyyy-mm-dd hh:mm:ss, *Arrival {"Deperture time 'ﬂym'
mm-dd hh:mm:ss}), {“Arrival
time”: yyyy-mm-dd
hh:mm:ss}, {*Cost per Kgr™:
123},{"Cost percbm”, 123},
{“CO2 emissions™: 123},
{“Number of transits”, 123}

N\

Outp
ut1

time™: yyyy-mm-dd hh:mm:ss, “Cost per Kgr": 123,
“Cost per cbm”, 123, “CO2 emissions™: 123, “Number
of transits”, 123

WMS API

Figure6-26: Representation of the flow ofinformation of GR_12 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations

TheTable below summases the timeplan which is going to be followed for the completion of GR_12.
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Table6-13 The timeplan for solverGR_12.

Development Stage Status Date
Creation of synthetic data Completed Nov 23
Algorithm development Completed Dec 23
WMS integration into the platform Ongoing Oct 24
Demopreparation Not started Nov 24
API deployment Not started Nov 24

Solver Demonstration

This JSON file describes the inputs and outputs obtegallbest flight recommenderUsers enter the desired
destination and the selected criteriogpecifially, 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 cdgi, plee
CQemissions, and the number of transits.

{
"user_input™: {
"desired_destination"; "Paris",
"selected_criterion"; "Overall best"

}

utput: Best flight details": {

"Flight company": "ABC",

"Flight Nr": "XYZ123",

"Departure time": "yyyy - mmdd hh:mm:ss",
"Arrival time": "yyyy -mmdd hh:mm:ss",
"Cost per Kgr": 123,

"Cost per com": 123,

"CO2 emissions (Kgr)": 123,

"Number of transits": 123

Figure6-27: JSON file of GR_12

Solver GR_1B2E route recommender fordelivery time minimisation

GR_13rioritisesthe recommendatiorof the optimal E2Eoute for freight, originating from the Port of Piraeus

and destined for any location worldwide, with a focusrmmimising 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 effiaént freight logistics.
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csv

“Route 1 details": “Name of the roads”,
“Departure time from the port”: yyyy-
mm-dd hh:mmiss, “ETA™ yyyy-mm-dd
hh:mm:ss

“Route 2 details: “Name of the roads" Minimization based on

“Departure time from the pon”: yyyy- -
mm-gd hhimm:ss, “ETA": yyyy-mm-del the selected criterion
hh:mm:ss
\ T T T
H '
L[ JoR_01 !
1 1
/ M — csv \ Inpu !

Flight 1 details”: “Company”, “Destinat - ]

L
“Departure time"; yyyy-mm-dd hh:mm: H

time”: yyyy-mm-dd hh:mm:ss, “Cost per Kgr™ 123, Gutp
“Cost per chm”, 123,"CO2 emissions”: 123, “Number ut1
of transits”, 123 JSON
. e R {"Best Flight details in terms
:ggm 2ndma[n= s Cnmpany&ﬂafsnnmmn AADB?, of eartiest time of arrival™
*Departure time”: yyyy-mm-cd hh:mm:ss, “ Arriva “Company™
time”™: yyyy-mm-dd hh:mmess, “Cost per Kgr': 123 pany’) 1SON

, {“Destination™: ADBC},

{*Departura time”: yyyy- )

mm-dd hhemmzss}, {*Arrival { Bes-rHOH‘TEB"SIH‘E?C:SMt:cmy
1ime”: yyyy-mm-da arfivaL 10 the aifport”: “Route #°]
hh:mm:ss}, {"Cost per Kgr':  {"Departure lime " yyyy-mm-dd
123}, {“Cost per cbm”, 123}, hh:mm:ss}, {“ETA™: yyyy-mm-dd

“Cost per chm”, 123, “CO2 emissions”: 123, “Number
of transits”, 123

{"CO2 emissions™: 123}, hh:mm:ss} {*CO2 emissions™ 123},
{“Number of transits”, 123} {*Port completion activities must be
= completed before: : yyyy-mm-dd
hh:mm:ss}
outp
ut1

A
/ Input 1 Output 1

\ 50N

{“Best E2E Route details in terms of
minimum time": “Route #"}
+ {"Departure time”: yyyy-mm-cd
nh:mm:ss}, {“ETA": yyyy-mm-dd
hn:mm:ss}, {“Best Flightdetails
combining earliesttime of arrival,
minimum cost, minimum number of
transits, and minimum €O, emissions”:
“Company”}

. [“Destination™: ADBC}, {*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”: 123}, {“Number ot
transits”, 123}

Figure6-28: Representation of the flow ofinformation of GR_13 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations
TheTable below summases the timeplan for the completion of GR_13.
Table6-14 Timeplan for solverGR_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 platfor 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 Ongoing 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 inclwlmformation 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 thaninimum 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"
2
"Output: Best E2E route™: {
"Flight company": "ABC",
"Flight Nr": "XYZ123",
"Departure time": "yyyy -mmdd hh:mm:ss",
"Arrival time": "yyyy - mmdd hh:mm:ss",
"Cost per Kgr": 123,
"Cost per com": 123,
"CO2 emissions (Kgr)": 123,
"Number of transits": 123,
"Truck Route details": ['"Name of road 1", "Name of road 2],
"ETA™ "yyyy -mmdd hh:mm:ss”, "Cost (euros)™: 123, "CO2 emissions (Kgr)":
123

Figure6-29: JSON file of GR_13

Solver GR_14E2E route recommender for transport cost mininsation

The focus of solveésR_14s to recommendhe optimal E2E routeaiming tominimise transport costdor 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 algoritm 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 ensgrirmely delivery ofreight.
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csv

“Route 1 details™: "Name of the roads”,
“Departure time from the port™: yyyy-
mm-dd hhzmmzss, “ETA": yyyy-mm-dd
nhemm:ss

“Rowta 2 catails™ "Name of the roads”, Minimization based on

“Departure time from the part”: yyyy- . .
mm-gd hhzmm:ss, “ETA™: yyyy-mm-cd the selected criterion
hh:mm:ss

o~ - - csv Inpu
“Flight 1 details”; “Company”, “Destinatror— e 1
“Departure time”: yyyy-mm-dd hh:mmzss, “Arrival
time": yyyy-mm-dd hhimm:ss, “Cost per Kar': 123,
“Cost per com”, 123, “CO2 emissions™ 123, “Number
of transits™, 123, JSON
"Flight 2 details'": “Company”, "Destination™: ADBC, {“Best Flight details in terms
“Departurs time”: yyyy-mm-ad hh:mm:ss, “Arrival of cast”: “Company”}
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Figure6-30: Representation of the flow of information of GR_14 with the necessary functional requirements as well as
the related output

Development Timglan andDeviations
TheTable below summases thetime-plan for the completion of GR_14.
Table6-15 Timeplan forsolverGR_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 platfor 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 Ongoing Oct 24
Third-party applications integration Not started Nov 24
Demo preparation using real data Not started Nov 24
APIldeployment 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 dfefght 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 "
2
"Output: Best E2E route™: {
"Flight company": "ABC",
"Flight Nr"; "XYZ123",
"Departure time": "yyyy -mmdd hh:mm:ss”,
"Arrival time": "yyyy - mmdd hh:mm:ss",
"Cost per Kgr": 123,
"Cost per com™: 123,
"CO2 emissions (Kgr)": 123,
"Number of transits": 123,
"Truck Route details": ['Name of road 1", "Name of road 2],
"ETA" "yyyy -mmdd hh:mm:ss", "Cost (euros)": 123, "CO2 emissions (Kgr)":
123, 241 OA1 AT OO0 10 @ER 9 AOT Otle k st tot
} Figure6-31 JSON file of GR_14

Solver GR_15E2E route recommender for CO2 emissions minigaition

Solver GR_1®perates by integrating data from multiple sources to recommémel optimal E2E routedor
freight transportation from the Port of Piraeus to global destinations, with a central focusinimising CQ
emissions Leveraging data from the WMS, it accesses information about available flights along with their
associatedCQ emissions. Additionally, historical data on rowgeecific fuel consumption is considered,
distinguishing between diesel and gasoline vehicles to apply the appro@atemission factors accurately. By
combining flight data with routespecific information, the algorithm calculates the to@D emissions, enabling
informed decisioamaking to reduce environmental impact while ensuring efficiesight deliveryfrom the port

of Piraeugo any world destination.
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Figure6-32 Representation of the flow of information of GR_15 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations
TheTable below summases the development stages for the completion of GR_15.
Table6-16 The timeplan for solverGR_15

Development Stage Status Date

OBUsParking 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 platfor Completed Feb 24

Integration and testing of GR_01, GR_11 Completed Jun 24

Demo preparation using synthetic data Ongoing 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 redhata 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 CO
minimisation. As an inputhe users enter the desired destination of the freight together with the selected
criterion, specificallthe minimum time. The output presents the details of the best E2E reukeh as the flight

and truck route details.

{

"user_input™: {
"desired_destination"; "Paris",
"selected_criterion™: "Minimum CO2 emissions "

3

"Output: Best E2E route™: {
"Flight company": "ABC",
"Flight Nr"; "XYZ123",
"Departure time": "yyyy -mmdd hh:mm:ss",
"Arrival time": "yyyy - mmdd hh:mm:ss",
"Cost per Kgr": 123,
"Cost per com™: 123,
"CO2 emissions (Kgr)": 123,
"Number of transits": 123,
"Truck Route details": ['Name of road 1", "Name of road 2],
"ETA": "yyyy - mmdd hh:mm:ss",
"Cost (euros)™: 123,
"CO2 emissions (Kgr)": 123 ,
241 OA1 #/ 4 AT EOOEITO 5+COte2ktsfts

Figure6-33JSON file of GR_15

Solver GR_16E2E overalbptimum route recommender

GR_16 is focused on the recommendatadrthe overall optimum E2E routeconsideringhe minimum time of
delivery,minimal transportation cost andCQ emissions By integrating various factors into its decisioraking
process, including historical data on route times, fuel prices, tolls, ande@@sions, the algorithm offers
comprehensive solutions tailored to balance these critical considerations. Leveraging thislimaltsional
approach, GR_16 ensures that logistics operations achieve timely daiveigosteffectivenesandcontribute
to environmental sustainability by minisig carbon footprints.
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Figure6-34: Representation of the flow of information of GR_16 with the necessary functiomabjuirements as well as
the related output

Development Timglan and Deviations

TheTable below summases the development stages for the completion of GR_16.
Table6-17 Timeplan for solverGR_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 systerrgo 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 | Orngoing Sep 24
WMS integration into the platform Ongoing 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 includgeinformation on the inputs and outputs of the overall best E2E route
recommender. As an inpuisers enter the desired destination of the freight together with the selected criterion
specificallythe 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
2
"Output: Best E2E route™: {
"Flight company": "ABC",
"Flight Nr"; "XYZ123",
"Departure time": "yyyy -mmdd hh:mm:ss",
"Arrival time": "yyyy - mmdd hh:mm:ss",
"Cost per Kgr": 123,
"Cost per com™: 123,
"CO2 emissions (Kgr)": 123,
"Number of transits": 123,
"Truck Route details": ['Name of road 1", "Name of road 2],
"ETA": "yyyy -mmdd hh:mm:ss",
"Cost (euros)™: 123,
"CO2 emissions (Kgr)": 123,
241 O0Al #/ 4 AT EOCOE|ITO s5+COtektsifte
241 OAl (& & k s to

Figure6-35: JSON file of GR_16

Solver GR_17Remaining routerecommender for transport time minimisation

GR_1pecialses in recommending the mosfficient alternative routeduring the journey to addresgal-time
incidentssuch as road blockages, congestion, extreme weather, or strikes. Leveraging data from GR_13 for the
overall optimalE2Eroute and realtime coordinates from GR_21 tracking the freight's progress, this solver
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integrates thirdparty applications to stay updated on current events affecting the route. When unforeseen
circumstances arise, such as road damages or severe traffic delays, GR_17salifdgsavailable data and
coordinates topropose the best alternativdor the truck to reach GOLDAIR Handling fiitgxurrent location
while minimising travel time
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Output 1
API GR713 MQ \

Qutput 1

Input 1

{“Best E2E Route details in terms of
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hh:mmi:ss}, {“ETA”: yyyy-mm-dd
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minimum cost, minimum number of of minimum time of arrival”:{ “Route #”}
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Figure6-36: Representation of the flow of information of GR_17 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations
TheTable below summases thedevelopment stages for the completion of GR_17.
Table6-18 Timeplan forsolverGR_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 th

local platform Completed Feb 24

Integration and testing of GR3, GR21 Completed Jun 24
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Demo preparation using synthetic data | Ongoing Sep 24
WNMSintegration into the platform Ongoing 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 includagormation 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, tfeolocation position is retrieved from the
OBUs. The output presents the details of the remaining route such as flight details and truck route details (ETA,
CQemissions, cost).

{

"user_input™: {
2" AT1TAAOQGEIT bl OEOEIT OAOOEAOAA AEOTI [/ "5eke#l 1 OAET A
"desired_destination": "Paris",
"selected_criterion": "Minimum time"

2

"Output: Best remaining E2E route™: {
"Flight company": "ABC",
"Flight Nr": "XYZ123",
"Departure time": "yyyy -mmdd hh:mm:ss",
"Arrival time": "yyyy - mmdd hh:mm:ss",
"Cost per Kgr": 123,
"Cost per com": 123,
"CO2 emissions (Kgr)": 123,
"Number of transits": 123,
"Truck Route details": ['Name of road 1", "Name of road 2],
"ETA™ "yyyy -mmdd hh:mm:ss",
"Cost (euros)": 123,
"CO2 emissions (Kgr)": 123

Figure6-37: The JSON files of GR_17

Solver GR_18Remaining route recommender for transport cost minimsation

GR_1&peciakes in recommendinthe most costefficient alternative routeduring the journeyto address real

time incidents such as road blockages, congestion, extreme weather, or strikes. Drawing data from GR_14 for
the overall optimal E2E routeegardingcost and reatime coordinates from GR_21 tracking the freight's
progress, this solver seamlessly integrates tmiagty applications to monitor redlme events affecting the

route. In the event of unforeseen circumstances like road damages or sengdfie tlelays, GR_18 swiftly
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analysesvailable data and coordinates to propose the best alternative for the truck to reach GOLDAIR Handling
from its current location while miniraing travel costs.

A =
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Figure6-38: Representation of the flow of information of GR_18 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations
TheTable below summases the development stages for the completion of GR_18.
Table6-19 Timeplan for solverGR_18

Development Stage Status Date
OBUs, Parking sensor installation Completed Nov 23
Local integration of OBUs Completed Dec 23
Creation ofsynthetic data Completed Dec 23
Algorithm development Completed Dec 23
Integration of Port legacy systems into the local platfornj Completed Feb 24
Integration and testing of GR_14, GR_21 Completed Jun 24
Demo preparation using synthetic data Ongoing Sep 24
WMS integration into the platform Ongoing 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

Thefollowing 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 minimm 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, CO
emissions, cost).

{

"user_input": {
2" AT1TAAOQGEIT bl OEOEIT OAOOEAOAA AEOTI [/ "5eke#l 1 OAET A
"desired_destination": "Paris",
"selected_criterion": "Minimum cost"

2

"Output: Best remaining E2E route™: {
"Flight company": "ABC",
"Flight Nr": "XYZ123",
"Departure time": "yyyy -mmdd hh:mm:ss",
"Arrival time": "yyyy - mmdd hh:mm:ss",
"Cost per Kgr": 123,
"Cost per com": 123,
"CO2 emissions (Kgr)": 123,
"Number of transits": 123,
"Truck Route details": ['Name of road 1", "Name of road 2],
"ETA™ "yyyy -mmdd hh:mm:ss",
"Cost (euros)™: 123,
"CO2 emissions (Kgr)": 123

}

}

Figure6-39: The JSON file of GR_18

Solver GR_19Remaining routerecommender for CO2 emissions minirsation

GR_1%pecialges in recommending thenost environmentally friendly routeduring the journey t@address real

time incidentssuch as road blockages, congestion, extreme weather, or strikes. Leveraging data from GR_15 for
the overall optimal E2E routeegardingCQ emissions and redlme coordinates from GR_21 tracking the
freight's progress, this solver seamlessly integrates tparty applications to monitor realme events affecting

the route. In the event of unforeseen circumstances like road damages oreswradfic delays, GR_19 swiftly
analysesvailable data and coordinates to propose the best alternative for thkttoiceach GOLDAIR Handling

from its current location while miniraing CQ emissions. This adaptive planning ensures #ratironmentally
conscious decisions are maaédthout compromising on efficiency during freight transportation operations.
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Figure6-40: Representation of the flow of information of GR_19 with the necessary functional requirements as well as

the related output

Development Timglan and Deviations

TheTable below summases the development stages for the completion of GR_19.

Table6-20: Timeplan for solverGR_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 platfornj Completed Feb 24
Integration and testing of GR_15, GR_21 Completed Jun 24
Demo preparation using synthetic data Ongoing Sep 24
WMS integration into the platform Ongoing Oct 24
Third-party applications integration Not started Nov 24
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Demo preparation using real data Not started Nov 24

APIldeployment Not started Nov 24

Solver Demonstration

The following JSON file includes information on the inputs and outputs of the remaining route recommender for
CQ minimisation. As an input, users enter the desired destination of the freight together with the selected
criterion, specifically the minimum G@missions. 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,
CQemissions, cost).

{

"user_input": {
2" AT1TAAOQGEIT bl OEOEIT OAOOEAOAA AEOTI [/ "5eke#l 1 OAET A
"desired_destination": "Paris",
"selected_criterion": "Minimum CO2 emissions "

2

"Output: Best remaining E2E route™: {
"Flight company": "ABC",
"Flight Nr": "XYZ123",
"Departure time": "yyyy -mmdd hh:mm:ss",
"Arrival time": "yyyy - mmdd hh:mm:ss",
"Cost per Kgr": 123,
"Cost per com": 123,
"CO2 emissions (Kgr)": 123,
"Number of transits": 123,
"Truck Route details": ['Name of road 1", "Name of road 2],
"ETA™ "yyyy -mmdd hh:mm:ss",
"Cost (euros)™: 123,
"CO2 emissions (Kgr)": 123

}

}

Figure6-41 The JSON file of GR9

Solver GR_20Remainingoverall bestroute recommender

GR_20s dedicated to recommending thlwrerall bestroute dynamicallyduring the journey to address retime
incidents such as road blockages, congestion, extreme weather, or strikesngJtlata from GR_16 for the
overall best E2E route considering CO2 emissions, shortest transport time, and cost, along withereal
coordinates from GR_21 tracking the freight's progress, this solver seamlessly integratgattyrdpplications

to monitor reaktime events impacting the route. When unexpected circumstances like road damages or severe
traffic delays arise, GR_20 swiiinalysesvailable 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 madetimeeial
optimise efficiency and meet operational objectives during freight transportation operations.
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time”: yyyy-mm-dd hh:mm:ss}, {*Arrival
time”: yyyy-mm-dd hh:mm:ss}, {“Cost
perKgr”: 123}, {“Cost per cbm”, 123},
{“C0O2 emissions™: 123}, {“Number of
transits”, 123}

“Geolocations/Event_type”:
Coordinates/e.g., Road
damage, significantdelays
etc

Third-party
APPs

\

Figure6-42. Representation of the flow of information of GR_20 with the necessary functional requirements as well
as the related output

Development Timglan and Deviations
TheTable below summases the development stages for the completion of GR_20.
Table6-21 Timeplan for solverGR_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 platfor Completed Feb 24
Integration and testing of GR_16, GR_21 Completed Jun 24
Demo preparation using synthetic data Ongoing Sep 24
WNMSintegration into the platform Ongoing 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 outfartthe 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 OBUsUEpet presents the

details of the remaining route such as flight details and truck route details (ETA&m&Sions, cost).

{

"user_input™: {

2" AT 1T TAAQGETT DI OEOETIT OAOOEAOAA EOI I |/ "5eke#l 1 OAET A
"desired_destination": "Paris",
"selected_criterio _1": "Minimum time"

"selected_criterio_2": "Minimum cost",
"selected_criterio_1": "Minimum CO2 emissions",

}

utput: Best remaining E2E route": {

"Flight company": "ABC",

"Flight Nr"; "XYZ123",

"Departure time": "yyyy - mmdd hh:mm:ss",
"Arrival time": "yyyy -mmdd hh:mm:ss",
"Cost per Kgr": 123,

"Cost per com™: 123,

"CO2 emissions (Kgr)": 123,

"Number of transits": 123,

"Truck Route details": ['Name of road 1", "Name of road 2],
"ETA": "yyyy - mmdd hh:mm:ss",

"Cost (euros)": 123,

"CO2 emissions (Kgr)": 123

Figure6-43: The JSON file of GR_20

Solver GR_24Remaining routerecommender for transport time minimisation

The solverims to provide realime informationon the coordinaesof freightstravelling onthe route fran port
of Piraeusto GOLDAIR Handling S'Fhis data is sourced directly from the OBUs installed on thektridg
leveraging these OBUSs, the solver ensures accurate andimeakracking of the freight's location throughout
its journey, enabling efficient monitoring and management of transportation logistics.
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A

Input 1 Qutput 1

/ JSON
JSON

“Geolocations/timestamps’’:Coordinat

es/yyyy-mm-dd hh:mm:ss “Geolocations/timestamps’”:Coordinat

es/yyyy-mm-dd hh:mm:ss

Figure6-44: Representation of the flow of information of GR_21 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations
TheTable bebw shows the developmenglan followedfor the completion of solveGR_21
Table6-22 Timeplan for solverGR_21

Development Stage Status Date
OBUs installation Completed Nov 23
Local integration Completed Dec 23
Demo preparation using the GR_UC local platfoj Completed Dec 23

Solver Demonstration

Figure6-45 presents the illustration of the route covered by the OG8dlipped trucks. In all casebe route
endpoints remain the samé@he starting point is the port of Piraeus, and the gmaint is the GOLDAIR handling
warehouse. The UC displays two scenarios using route 1 and route 2 as highlighted in GR_01 solver.

Figure6-45: Illustration of the route covered by one of the OB quipped trucks
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Solver GR_22Pallet/cagetracker solver

The reattime 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 depicsed
explicitly for this purpose, transmiing 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.

Input 1 Qutput 1

/ JSON
JSON

“Geolocations/timestamps’’:Coordinat
es/yyyy-mm-dd hh:mm:ss “Geolocations/timestamps’:Coordinat
es/yyyy-mm-dd hh:mm:ss

Figure6-46: Representation of the flow of information of GR_22 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations
TheTable below sumtmarisesthe steps for the completion afolverGR_22.
Table6-23 Timeplan for solverGR_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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SolverDemonstration

A warehouse map is designedth the updated coordinates of pallets or cages displayed as animated objects.
This map visually representhe reattime movements and locations of these items within the warehouse,
helping track their exact positions dynamically.

Solver GR_23Packagegparcels tracking solvers

The reaitime 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 deployked this task, transmitting information directly to the WMByintegrating

these tracking devices, the system guarantees smooth and accurate monitoring of package and parcel
movements within the warehouse, facilitating improved visibility and operaticmaitrol over inventory
logistics.

Input 1 OQutput 1

/ JSON
JSON

“Geolocations/timestamps”:Coordinat

es/yyyy-mm-dd hh:mm:ss “Geolocations/timestamps’:Coordinat

es/yyyy-mm-dd hh:mm:ss

Figure6-47: Representation of the flow of information of GR_23 with the necessary functional requirements as well as
the related output

Development Timglan and Deviations

TheTable below summases thetime plan for the completion of GR_23.

" FORFREIGHT2(24 Page [96




D2.2 FORFREIGHT multimodal transport platformFirst full drop

Table6-24: Timeplan for solverGR_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 coordinatesadgugegparcelswill be displayed as animated
objects. This map will visually represent the #mle 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 ofthe Romanian Use CafRO_UCZlie manychallenges spanning the entire spectrum of water
railway transportation, pinpointing deficiencies in digiation, coordination, and strategies for handling
unforeseen circumstances. These challenges manifest in disjointed logistics networks cleahchsri
inadequate digital integration, absence of standaedi communication protocols, and reactive rather than
proactive strategies in navigating unexpected events.

The lack of digitadation in the waterto-railway transportation sector exacerbates inefficiencies, hindering
seamless information flow and retine decisioamaking. Moreover, the absence of coordinated efforts among
stakeholders leads to fragmented operations, resulting in suboptimal resodocaatbn and transport planning.
Additionally, the reliance on outdated strategies for addressing unforeseen situations further compounds
operational complexities, leading to delays, bottlenecks, and increasesl @o®ss 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 waterrailway transportation. By leveraging innovative
technologies and fostering collaboration among stakeholders, RO_UC aims to enhancesatiigitadifforts,
streamline communication protocols, and implement proactive strategies for handling unforeseen events.

7.1.1 KeyPerformance Indicators (KPIs)

Within RO_UC, this chapter succinctly outlines the alignment betwleesolvers and project KPI§able7-1
illustrates this correlation, showcasing how each solver contributes to achieving our performance objectives.

Table7-1 RomanianUCKPI to solvers correlation

KPI Related solvers

IncreasedeE2Ecapacity by 20% RO 10, RO 01, RO 02, RO 03, RO _04,R0O 05

Decrease loading/unloading time by

0% 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

0% RO_01, RO_02, RO_04, RO_05

Reduction of GHG emissions by 15| RO_08, RO_09

80% Document digitagation RO_10

7.2 Partner Roles

BEIAis 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 SHIPPINtas embarked on a data collection journey along the Danube, creating a database of loading
and unloading points, categaeed by efficiency. This information allows captains to be-médirmed about each
location's capabilities, leading to improved operational efficiency, reduced loading tiatesir costs, and fuel
consumption.

TELECOMUNICATI( L[ 9 C9 w! (TCCFRwiil éefdat® 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 thema 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 approddrdware deployment and software
development. Each element must be prics#il according to the specific requirements of the use case it
addresses. This subsection outlines the systematic steps taken idegleying hardware andintegrating
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 antimealveather data. Its
deployment involves selecting optimal locations that can provide the most representative environmental data
without interference. The installation press considers factors such as height, orientation, and proximity to
other structures to mininge 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 deploymentagegy 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 todifewing for reatime monitoring
and analytics. The software setup involves several components:

1 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

1 Message Queuing Telemetry Transg®dQTT: 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

1 InfluxDB: This is our chosen database for tgaees data storage. InfluxDB offers high performance,
easy scalability, and retime analysis capabilities. It stores the environmental data streamed from both
hardware units, enabling powerful querying arghttime alerting systems

The deployment workflow is as follows:

1 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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1 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

1 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, aodfiguring InfluxDB for data reception and storage

1 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 lass

1 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 Romaniigfor the first drop of solutions follow the solver
archetype and therefore their integration follows the same steps as the remauiidgvith 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 remaibl@), the RomaniakJCsolvers are the first to

require asynchronous messaging within the first drop. For this reason, there were additional steps taken, namely

in the deploymentas the services require communication with the asynchronous broker, which in the case of
these solvers is RabbitM@ KA a Ay GSaANF GA2y Aa RdzS (2 {KSto-solek @S NA ¢
data exchange.

As observed in the remainingGs, the integration of the Romaniabd@Q & &2 dzi A 2 Wsduturg 2 G 2y
integrations but also demonstrates theJt I (i Ffe@abibili@ &s planned in previous stages by testing the
platforms functionalities, in this casthe 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 wergartly due to there-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 solutiongailored to the
specific needs of the Romanian use case.

Solver RO_0% Predict the arrival time ofthe container ship

Solver RO_01 is designed to predict thETAof 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 accountor 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 FBIREIGHT platform and other
legacy systems. Rigorous testing and validation are conducted to ensure the accuracy and reliability of the
predictions. Challenges faced during deelopment include ensuring the accuracy and completeness of
historical data and effectively integrating classical calculation methods with machine learning
adjustments.

TorchServe

Extraordinary
events
prediction

ADCON sensors

Optimistic
ETA
prediction

7 |

FastAPI

Figure7-1 Solver RO_01 architecture

Development Timglan and Deviations
Table7-2: Timeplan 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

In progress Jun 24
events
Model refining Not started yet Aug 24
API integration In progress May 24

Solver Demonstration

To illustrateSolveiw h @ nfun€idnality and performance, consider a scenario where a container shipdate
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 trdic, 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 anadgd 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 traffongestion is fetched using the TorchServe
component. This prediction is continuously updated as new data becomes available.

The Pythorbased 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:

1 Segment 1Port of Ismail to Checkpoint A (50 nautical mites®2 hours
1 Segment 2Checkpoint A to Checkpoint B (50 nautical mitels} hours
1 Segment 3Checkpoint B to Port of Galati (50 nautical mite$2 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 theort of Galati to close fahree 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 mdgoémically 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 managesources 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: ArrivalPredictionReguest

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 - MMDDTHH:MM:SSZ",
"requestedBy": "UserlID",

"ship_ID": "ShipID",

"destination": "Galati",

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

}
Fields:
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1 type: (string) The type of message. For this message, it will always be "ArrivalPredictionRequest"

{1 timestamp: (string) Thdnternational Organization for Standardizatid8Q 8601 timestamp
indicating when the request was made

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

1 ship_ID : (string) The ID of the ship for which the arrival prediction is nepded

T destination : (string) The destination for which the arrival prediction is requested. For this message,
it will always be "Galatj"

f 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 provisithe predicted arrival time of a specified ship in Galati.

JSON Structure
{

"type": "ArrivalPredictionResponse”,

"timestamp": "YYYY - MMDDTHH:MM:SSZ",
"responseTo": "RequestID",

"ship_ID": "ShipID",

"predictedArrivalTime": "YYYY - MMDDTHH:MM:SSZ",
"confidenceLevel": "ConfidenceLevel",

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

}
Fields:
1 type : (string) The type of message. For this message, it will always be "ArrivalPredictionResponse”
{1 timestamp : (string) The 1SO 8601 timestamp indicating when the response was made
1 responseTo: (string) The ID of the request this responsaddressing
f ship_ID : (string) The ID of the ship for which the arrival prediction is provided
1 predictedArrivalTime : (string) The 1SO 8601 timestamp indicating the predicted arrival time of the
ship in Galati
1 confidenceLevel : (string) The confidence level of the prediction. Possible values can be:
o "High".
o "Mediunt.
o "Low'.
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1 notes : (string, optional) Additional notes or comments provided by the user. This field is not
mandatory.

Example

{
"type": "ArrivalPredictionResponse”,
"timestamp": "2024 - 05- 21T714:00:00Z",
"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 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 sptsoheduling and
resourceallocation 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 timesecollected and analysed to create a model that accurately predicts train
arrival times. An API is developed to facilitate integration with existing systems and thREFF)&HT platform.

The final steps involve testing the model with reairld data and alibrating 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.

TorchServe
Extraordinary
events
prediction

Optimistic

ETA
prediction

FastAPI

Figure7-2: Solver RO_02 architecture
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Development Timglan and Deviations
Table7-3: Timeplan for solver RO_02

Development Stage Status Date
Integration withnecessargolvers Done March 24
Model selection for extraordinan

1 In progress Jun 24
events
Model refining Not started yet Aug 24
API integration In progress May 24

Solver Demonstration

To illustrate the functionality angerformance of Solver RO_02, a practical sceriarmnsideredvhere 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 300kilometresaway. 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 anabed 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 caods, is fetchedusing the TorchServe component. This
prediction is continuously updated as new data becomes available.

The Pythorbased 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:

1 Segment 1Port of Galati to Stop A (50 k) hour,
1 Segment 2Stop A to Stop B (100 kP hours
1 Segment 3Stop B to Final Destination (150 ko8 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 recalate the ETA considering a-80nute 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 BMB:15
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Ultimately, the train arrives dts destinationat 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_0% 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,-paa storage. The development

of Solver RO_03 involves seal 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 lear@ilyprithms as more data becomes available. An

API is developetb seamlessly integratéhe central platform and other systems. Rigorous testing and validation
SyadaNE (GKS Y2RStQa | OOdz2N¥ Oed / KIttSyaSa AyOf dzRS KIy
the port and obtaining reliable data for accurate predictions.

=

Figure7-3: Solver RO_03 architecture

Development Timglan and Deviations
Table7-4: Timeplan for solver RO_03

Development Stage Status Date
Integration withnecessargolvers Done ;/I4arch
Integration of calculation logic based on po| In progress. General procedurg Jun 24
operations. outlined.
API integration In progress. Initial logic established. | Jun 24

Solver Demonstration

To illustrate the functionality and performance of Solver ROcO8sider a scenario where cargo arrives at the
Port of Galatiand the module predicts the total stay duration, covering unloading and customs clearance before
the containers are loaded directly onto a train for thdigstination 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 ssdataly
provide a baseline for the expected stay durations. This data is stored in an SQLite database and accessed by the
module through FastAPI.

The Pythorbased 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:

1 Unloading Average duratiom 4 hours
1 Customs Clearancéverage duratiom 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 seamlgdategrates with existing port management systems and the FEREIGHT
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 loading process. Later, at 02:00 Ptie increased customs workload
causeal 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 effeely and ensure smooth operations.

Solver RO_04z Predict the demandfor 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, enapkfficient allocation and planning.

Gt I

7

—

Figure7-4: Solver RO_04 architecture
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Development Timglan and Deviations
Table7-5: Timeplan for solver RO_04

Development Stage Status Date
Initial Structure Setup Done May24
:)nr:nglroe\xl'\tlion of Calculation Logic Bag In progress Juk24
Integration with Necessary Solvers| Not started yet Aug24
API Integration Not started yet Sep24
Validation and Testing Not started yet Sep24

Solver Demonstration

Toillustrate Solver RO_ @& Fdzy Ol A 2 y I £ A \iedwill EoyisiRler BXcatRrid Wiéie theddrt 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 &bl€r (Rontainer
tracking) to make accurate predictions about the resources required at the port.

In this scenario, a container shipifisroute 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 contaiméll be unloaded and transferred to trains

for further transportation.

Solver RO_04 utilts 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 reatime tracking data of containers, validagitheir positions and statuses throughout the journey.

The resource prediction process is managed by a Pylaged component that anadgs 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
allocatingthese resources in redime.

The demonstration proceeds as follows: RO_01 sends the predicted arrival time of the container ship, while
RO_10 provides redime tracking data of containers on the ship. The Pytbased resource prediction
component processes the incoming data, caltotathe expected demand for unloading equipment and train
loading facilities. The calculated resource requirements are sent to the workflow engine through FastAPI, which
GKSYy Itft20FiSa GKS ySOSaalNE NBaz2dz2NIWV&A (2 SyadaNBE a)
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 pkademand 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-tmeedata from RO_10.
If there are any delays or unexpected changes, the module adjusts the resource requirements accordingly and
communicates these updates to the wddi# 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 providaderagidates and
ensured optimal resource allocation,@Ming the port management team to manage resources effectively and
ensure smooth operations.

Solver RO_0% Predict the demandfor rail resources that need to be reserved, based on the flow
of goods/containers departing fromthe 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 redlsource requirements, enabling efficient allocation and planning.

=]

Figure7-5: Solver RO_05 architecture

Development Timglan and Deviations
Table7-6: Timeplan for solver RO_05

Development Stage Status Date
Initial Structure Setup Done May24
Lnr:elg(r)?’vﬁon of Calculation Logic Bag In progress Juko4
Integration with Necessary Solvers| Notstarted yet Aug24
API Integration Not started yet Sep24
Validation and Testing Not started yet Sep24

Solver Demonstration

To illustrate the functionality and performance of Solver RO_05, consider a scenario where the port of Galati
needs topredict 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 resourcequired 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 accuratelyonitored. These containers are then scheduled to be loaded onto trains for further
transportation.

Solver RO_05 utilts 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 reatime tracking data of containers, validagitheir positions and statuses throughout the journey.

The resource prediction process is managed by a Pylagied component that anadgs 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 FastAPl to the workflow engine, which
orchestrates the Bocation of these resources in re@he.

The demonstration proceeds as follows: RO_01 sends the predicted arrival time of the container ship, while
RO_10 provides rediilme tracking data of containers on the ship. The Pytbased resource prediction
component processes the incoming data, caltotathe 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 tiaéeonare 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 predigieak 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-imeedata from RO_10.
If there are any delays or unexpected changes, the module adjusts the resource requirements accordingly and
communicates these updates to the wddil/ engine.

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

Solver RO_06; 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 tra@ilable fora containerto be loadedon, deparingfrom
the Port of Galati, to mininsé the time of transport. By leveraging historical data and current schedules, this
solver provides accurate recommendations for optimal train selection.

o

B g

— G

Figure7-6: Solver RO_06 architecture
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Development Timglan and Deviations
Table7-7: Timeplan for solver RO_06

Development Stage Status Date
Initial Structure Setup Done May24
Integration of Recommendation Lo In progress Jut24
Integration with Necessary Solvers| Not started yet Aug24
API Integration Not started yet Sep24
Validation and Testing Not started yet Sep24

Solver Demonstration

Toillustrate RO 084 Fdzy QG A 2 y I £ A Godsidér ¢ Bcenhd® MaFich tNévpory’ o Galati needs to
determine the best train for each container to ensure minimal transport time tdigination This module uses
data from historical train schedules and r¢iahe updates to make accurate recommendations.

In this scenario, a container is unloaded at the Port of Galati and needs to be transporteddstitmtionvia
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 mirsing transport time.

Solver RO_06 utits a Pythorbased recommendation component that ansdg 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
recommendatio.

The process proceeds: Upon receiving a query, the Pyitlased 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 FastfsRthe 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 agett routes, minimal stops, and current train capacities.

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

Ultimately, the container is loaded onto tmecommendedrain, ensuring the shortest possible transport time.
The Solver RO_06 module successfully providegirealrecommendations and ensures efficient transportation
planning, allowing the port management team to manage logistics effectively and ensure digliebry.

Solver RO_0%Z Recommend the next train to put a container which departs from Port of Galattp
minimise the cost of transport
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Solver RO_07 is designed to recommend the next tra@ilable for aontainerto be loadedon, deparingfrom
the Port of Galati, to minimse the cost of transport. By leveraging historical data and current schedules, this
solver provides accurate recommendations for optimal train selection based on cost efficiency.

i I

Figure7-7: Solver RO_07 architecture

Development Timglan and Deviations
Table7-8: Timeplan for solver RO_07

Development Stage Status Date
Initial Structure Setup Done May24
Integration of Recommendation Lo In progress Jut24
Integration with Necessary Solvers| Not started yet Aug24
APlintegration Not started yet Sep24
Validation and Testing Not started yet Sep24

Solver Demonstration

Toillustrate Solver RO 07 T dzy OU A 2 y I £ Adorisider g/sBendritbviNhiER2halpoit of Gefati needs
to determine the best train foeach container to ensure minimal transport cesi its destination This module
uses data from historical train schedules, transport costs, and-tiral updates to make accurate
recommendations.

In this scenario, a container is unloaded at the Port of Galati and needs to be transportedéstitationvia
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 mirsing transport cost

Solver RO_07 usks a Pythorbased recommendation component thahalyseshe 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
traveltimes, to provide a recommendation.

The process proceeds: Upon receiving a query, the Pyibtlased 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 sp®, current train capacities, and cost efficiency.

During the operations, Solver RO_07 continuously updates its recommendations basedtomeekta. If there
are any changes in train schedules, costs, or unexpected delays, the module adjusts its recommendations
accordingly and communicates these update the workflow engine.

Ultimately, the container is loaded onto thecommendedtrain, ensuring the lowest possible transport cost.
The Solver RO_07 module successfully providegirealrecommendations and ensures efficient transportation
planning, allowing the port management team to manage logistics effectively and ensweffocisnt delivery.

Solver RO_0& Recommendthe 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 araalable fora containerto be loadedon, departngfrom

the Port of Galatito 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.

E=n

— G

Figure7-8: Solver RO_08 architecture

Development Timglan and Deviations
Table7-9: Timeplan for solver RO_08

Development Stage Status Date
Initial Structure Setup Done May24
:_n;gi%ration of Emission Calculati In progress Juko4
Integration with Necessary Solvers| Not started yet Aug24
API Integration Not started yet Sep24
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Validation and Testing Not started yet Sep24

Solver Demonstration

Toillustrate SolveRO 024 Fdzy Ol A 2 y I £ A dorsider g/sRendriSWhEIRhN DO ¢f 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, artdnealpdates to
make accurate recommendations.

In this scenario, a container is unloaded at the Port of Galati and needs to be transporteddstitstionvia
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 mirsimg CO2 emissions.

Solver RO_08 utis a Pythotrbased recommendation component thanalyseshe 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
traveltimes, to provide a recommendation.

The process proceeds: Upon receiving a query, the Pyitlased 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 FastfaRthe 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 stepcurrent train capacities, and emission factors.

During the operations, Solver RO_08 continuously updates its recommendations basedtomeeta. If there
are any changes in train schedules, emission rates, or unexpected delays, the module adjusts its
recommendations accordingly and communicatessthepdates to the workflow engine.

Ultimately, the container is loaded onto threcommendedrain, ensuring the lowest possible CO2 emissions.
The Solver RO_08 module successfully providegirealrecommendations and ensures efficient transportation
planning, allowing the port management team to manage logistics effectively and ensure enuntafiyne
friendly delivery.

Solver RO_0% 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 aaailable fora containerto be loadedon, departngfrom

the Port of Galati, to balance and minsaithe transport time, cost, and CO2 emissions. By leveraging historical
data, current schedules, costs, and emission factors, this solver provides ssgptimcommendations for train
selection based on a balance of these thpegameters.
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B3

Figure7-9: Solver RO_09 architecture

Development Timglan and Deviations
Table7-1Q Timeplan for solver RO_09

Development Stage Status Date
Initial Structure Setup Done May24
Integration of Balancing Algorithm | In progress Jut24
Integration with Necessary Solvers| Not started yet Aug24
API Integration Not started yet Sep24
Validation and Testing Not started yet Sep24

Solver Demonstration

Toillustrate Solver RO 0% T dzy Ol A 2 y I £ A dorsider g/sRendriSWhERhN PO ¢f Gadati needs

to determine the best train for each container to ensure an optimal balance of minimal transport time, cost
efficiency, and reduced CO2 emissions taéstination This module uses data from historical train schedules,
transport costs, emission factors, and r¢iale updates to make accurate recommendations.

In this scenario, a container is unloaded at the Port of Galati and needs to be transporteddstitgtionvia
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 utsks a Pythorbased recommendation component that ansdg 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 Pyitlased 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 FastfaRthe 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-tmeedhta. If train
schedules, costs, emission rates, or unexpected deténggge the module adjusts its recommendations
accordingly and communicates these updates to the workflow engine.

Ultimately, the container is loaded onto tlrecommendedtrain, ensuring a balanced approach to mirsimg
transport time, cost, and emissions. The Solver RO_09 module successfully provitieserestommendations

and ensures efficient transportation planning, allowing the port management team to manage logistics
effectively and ensure environmentally ardonomically efficient delivery.

Solver RO_1@ Reakltime tracking (update coordinates) of container

RO_10 provides two main functionalitidhe 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 thiedata available to other modules within the platform.

Ship legagy tcp server
systems

TELTONIKA
trackers

Train legagy
systems

SQlLite

Figure7-1Q Solver RO_10 architecture

Development Timglan and Deviations
Table7-11 Timeplan for solver RO_10

Development Stage Status Date

TET100 Trackers integration | Finished Feb 24

Almost finished. Integration withistoricaldata done. Testing

Ship Legey systems integratior with reaktime transmissions pending May 24
Train Legacy systems| Almost finished. Integration withistoricaldata done. Testing
. . . . P . 3 May 24
integration with reaktime transmissions pending
TET140 Trackers integration | Almostfinished. May 24
Validation  mechanism fo

In progress. June 24

container position
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API integration In progress. Initial logic established. Jun 24

Solver Demonstration

To illustrateSolverRO_1@& Fdzy OG0 A 2 y I £ A doisiddr & Rendri® MIfciEcdiMainegfs@u@ 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 fromthe €fgpS 3 08 aeadsSvyaz 6KAOK Ay
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. Qocesctiearance

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 PytHmsed Transmission Control Protocol QP server to the MQTT
broker for realtime updates. The MQTT broker ensures thatteak tracking data is available to the workflow
engine and other modules via FastAPI, facilitating timely deeigigking 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 systerme 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 communicatipnocess The module dynamically updates the tracking information,
providing reattime 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 providedtiesd updates and transparency throughout the journey,
allowing the port management team and other stakéders to manage resources effectively and ensure smooth
operations.

Jecific message types are definedfacilitate 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 requsstacking for specified containers. It includes initial transport plarsch may be set
to "N/A" if no planshave beermmade yet.

JSON Structure
{

"type": "ContainerTrackingRequest",
"timestamp": "YYYY - MMDDTHH:MM:SSZ",
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"requestedBy": "UserID",

"containerlds": |
"ContainerID1",
"ContainerlD2",

P
"priority": "PriorityLevel",
"notes": "Additional notes or comments (optional)",
"transportPlans™: {
"ship": "ShipID or N/A",
“"train": "TrainID or N/A"

}
}

Fields:

=A =4 =4 =4 =9

=a =

type : (string) The type ahessage. 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
containerlds : (array of strings) The list of container IDs to be tracked
priority  : (string) The priority level of the request. Possible values are:
0 "High¢ @
o "Mediung @
0o "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:
0 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

o0 ftrain : (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",
"containerlds": [

"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 updatthe transport plans for specified containers. It provides new information about the
ship and train to be used.

JSON Structure

{
"type": "TransportPlanUpdate",

"timestamp™: "YYYY - MMDDTHH:MM:SSZ",
"requestedBy": "UserID",
"containerlds": |

"ContainerID1",

"ContainerlD2",

]!

"updatedTransportPlans": {
"ship": "UpdatedShipID",
"train”: "UpdatedTrainID"

}1
"notes": "Additional notes or comments (optional)"
}
Fields:
1 type: (string) The type of message. Hois message, it will always be "TransportPlanUpdate"
1 timestamp : (string) The 1SO 8601 timestamp indicating when the update was;made
9 requestedBy : (string) The ID of the user making the update
9 containerlds : (array of strings) The list of container IDs for which the transport plans are updated
9 updatedTransportPlans : (object) An object containing the updated transport plans:
0 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.
1 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",
"containerlds™: [

"ABC1234567",

"XYZ9876543"
1,

"updatedTransportPlans": {

"ship™: "Ship456",
"train"; "Train789"
}1
"notes": "Updated transport plans for the listed containers."

}
Message Type: ContainerStatusUpdate
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This message type provisistatus updates about a specific container, including its location and transport stages.
JSON Structure

{
"type": "ContainerStatusUpdate”,

"timestamp™: "YYYY - MMDDTHH:MM:SSZ",

"container_ID": "ContainerID",

"ship_ID": "ShipID",

"train_ID": "TrainID",

"container_lon": "LongitudeValue",

"container_lat": "LatitudeValue",

"container_stage": {

"stagel™: {

"start_time™: "YYYY - MMDDTHH:MM:SSZ",
"end_time": "YYYY -MMDDTHH:MM:SSz"

}

tage2": {
"start_time™: "YYYY - MMDDTHH:MM:SSZ",
"end_time"™: "YYYY -MMDDTHH:MM:SSz"

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

}
Fields:

type : (string) The type of message. For this message, it will always be "ContainerStatus{Jpdate"

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 contginer

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

container_lat : (float) The latitude of the container's current locatjon

container_stage : (object) An object containing the stages of the container's transport:

0 stagel, stage2, etc.: (object) Each stage includes:

A start_time : (string) The 1ISO 8601 timestamp indicating when the stage started.
A end_time : (string) The 1ISO 8601 timestamp indicating when the stage ended.

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

=4 =4 =4 =8 -4 -8 -8 9

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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"stagel™: {
"start_time": "2024 - 05- 20T08:00:00Z",
"end_time™": "2024 - 05-21T10:00:00Z2"
3
"stage2": {
"start_time": "2024 - 05- 21T10:00:00Z",
"end_time™ "2024 - 05-21T12:00:00Z"
}
3
"notes": "Container is currently being loaded onto the ship."

}
Message Type: ShipStatusUpdate

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

JSON Structure

{
"type": "ShipStatusUpdate",
"timestamp": "YYYY -MMDDTHH:MM:SSZ",
"ship_ID": "ShipID",
"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 "ShipStatustJpdate"

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.

= =4 =8 -8 -8 -8 -8 -9

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 provislstatus updates about a specific train, including its location.
JSON Structure

{
"type": "TrainStatusUpdate",

"timestamp™: "YYYY - MMDDTHH:MM:SSZ",
"train_ID": "TrainID",

"train_lon": "LongitudeValue",

"train_lat": "LatitudeValue",

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

}
Fields:
1 type : (string) The type of message. For this message, it will alwad{igdiaStatusUpdate™
9 timestamp : (string) The 1SO 8601 timestamp indicating when the update was;made
9 train_ID :(string) The ID of the train
91 train_lon : (float) The longitude of the train's current location
1 train_lat : (float) The latitude of the train's current locatipn
1 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_14 Automated crane operation

Solver RO_11 deals with crane control for improved safety and efficiencyp€hations 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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system
Drone video Decision system

)

Figure7-11 Solver RO_11 architecture

Development Timglan and Deviations
Table7-12 Timeplan for solver RO_11

Development Stage Status Date
Integration with legay 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 réiate video feeds to the decision system. The crane
control system continuously sends daten crane movements and status. As the crane begins unloading
containers, the decision system continuously updates the digital twin witktiraal video and operational data.
Shouldthe video feed detect a person entering the crane's operational atlea 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 tothe crane control system to adjust the crane's path accordingly. All events, commands, and
operational data are logged in the SQLite database. This data isalsérsedto refine safety protocols and
improve decisiormaking algorithms.
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8 CentralFORFREIGHT Platform
8.1 Architecture Designand Specifications

¢tKAa aSOitAz2y O2yidlAya (GKS OSyidNIf LIXFOGF2N¥Qa 2 O3SNI
made regarding the implementation and their status. Furthermore, the architecture will be explained in detail
throughout the different followimg subsections.

To start, the FORREIGHT 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 FOR9 L D1 ¢  LJ- NIi Ho®eNd,sinckINS Y A ¢
someUG require it, additional worker nodes will join the cluster whenever required.

The FOREREIGHT architecture has seen some changes throughout the various stages of the project. As it stands
itis composed of three layers: the Central Platform, the Service layethe Modular Layeilhe 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 regatiainfunctionality of theplatform,
integrating the various components seamlessly while accounting for security, availability and other aspects
handled by its components.

. User
ervice Interface
Monitoring elAele;
Authentication Code
Authorization Repository
Tenant Service API W;;;ifrl]c;w
Gateway
Solver
. Asynchronous
Registry/ ’ Broker
Repository

Figure8-1 Central Platform

¢KS OSYUuNXft LI I G7F2NGRS-15F dil QU2 yFANR YR AGEKLSE [ d2aSSRNI MY (0 S NF
point to the API gatewathat connects to all of the other components and any component that seéedave

an access point. To clarify the purpose of the various components, each of them will have their specifications
described.

1 API Gateway: Responsible for generating access points to each of the components that need one. The
technology chosen for this component is NG[RPpvhich has all the required capabilities

1 Service Monitoring: Allows for the visisaliion of the status of the variouserviceghat are running in
the cluster,also capable oélert generation whemeeded This component uses Promethel@ as it
allows for the functions described and presents even more monitoring capabilities

9 Authentication and Authosation (Authn and Authz)Responsible for authenticating every request made
to the platform and managing authastion. Keycloak9] is the technology used for this purpose and
allows for more functions such asle-basedaccess 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 Oty [10] tool, which already includes an
integration with Keycloak.
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1 Tenant Service: Component that splits the content available in the platform throughout different
tenants, there can be multiple existing tenangnd these will correspontb either the different use
casesor different organgations, depending on the needs for the specific contdritis component is
comprised of a SprinBoot [11] service, this way it will have easy access and can be cissiras
developers see fit.

1 Solver Registry/Repositoryrhis component is responsible fgatheringinformation regarding the
various solverand makingthe information available for whatever component that requireslitis
FYGAOALI GSR GKFG GKS LI FGF2NNVQA TN yvsSaRwhat A f £ N
solvers the platform offers and wh#tey can offer, as well agther specific information depending on
thed 2 @ phcEnan.

1 Continuous Integration and ContinuoDeploymentDdivery (CI/CD) This component is responsibler
ensuring continuous integration and lidesry of the solutions included in the platforfRor this purpose,
the tool used is TeamCity which allows for an easy implementation with accesader interface for
visualgation and management of the various aspects of this component.

1 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 torgveartner for this purpose.

1 Workflow Engine: Responsible for managing the workflow as the name suggests, this component allows
for the visuakation of the workflow and the possible alteration of the initial workflow as the user sees
fit. For this component, the technology used is NdRIE[J12].

1 Asynchronous Broker: Some solvers rely on asynchronous messaginpis is where this component
comes in, allowing for the creation of topics, and for solvers to produce or consume meesdbgese
topics. The initial implementation plan includes a K4fi&] broker, but as solver development ensued,
the need for an MQTDbroker 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, theredoassuring scalabilitput also availability.

8.1.2 Services Layer Architecture

The services layer is made of the services that are to be presented to theunsenrange from the workflow
engine to the end to end solving processes that encompassralsolvers. This layer serves as a representation
of the various services the platform provides to the end users.

Solver
W;;kic;w Dashboard Repository
g (Marketplace)
Sea -> Road Sea -> Rail Road -> Road
Service Service Service
Road -> Rail Rail -> Road Road -> Air
Service Service Service

Figure8-2: Services Layer Architecture
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Figure8-2 is a visual representation of the services layer, which includes the workflow engine, the dashboard
and the solver marketplaceThese aresome of the functions the user will have access to through the user
interface. Although these services are well represented in the other layer&2Bsolving process servicase
another matter entirely.

The various solving processes are represented with multimodal transport options and aim to help the user solve
realworld 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 sooeEhneeded information
towards solving theealworld problem found in the multimodal scenario. The output of these solving processes
varies according to the initial specifications, with some even assistingusbe through decision making
processes.

8.1.3 Modular Layer Architecture

The modular layer is the bottommost layer of the FORREIGHT platform amdpresentsthe 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
O2YLRySyida AyOfdzZRSR Ay (GKS a2t OSNEQ | NOKAGSOUdzNE @

Message Message
Translator Translator

Legacy 3 Party
System Application

Figure8-3: Solver Archetype

As shown irFigure8-3, 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 APIl. As some solvers include machine learning, it is
included in thearchetype StillLA G A ay Qi ySOSaalNARft& | O2YLRYySyidz |a i
of the model plus additional serving or messaging if needed. There are also two compsmemntss thdegacy

systems and '$ party applicationswhich go through message translatofheseare parts of the developed

solver that willreceive data in various formstand output them to the platform in théormat that is most

suitable, namely JSOQ&hd, whenever possible an adaptation to the T0G@dodel should be theesulting format

asit standsas thestandard format throughout the platform, thus assuring the correct functioning among every
component within the platformThese components account for making important information available to the
solver, which will be used internally, either for additional calculations ortnew data availability. The database
component is used by solvers that require data persisteReasons for the persistence can be to keep data for
analysisorfindi dzy Ay 3 (GKS a2t OSNRa YI OKA Y SefeduestdfiddgtathesaverSt a =

Following the suggested architecture in this archetype will allow for an easy integration of the different solvers
with the platform. As mentioned previousit 2 f S NB R2y Qi Yy SSR iférexagp@sodeR S S ¢
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solvers do notneed asynchronous messaging, btitis fact does not harm the following deployment and
integration process.

8.1.4 Data Standardsation / Message Translation

Fordata standardiation, the existing TIC4.0 data model will be compared ashapted to suit the needs of the
platform and userdor translating thevarious data formats intone standard formatNew 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 egaience 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.

Thefirst implementation of the TIC4.0 semantics and language was made in the Spghish 42t OSNE @ ¢
purpose, a requirement analysisd K S f S3 0& aeaidisSyQa AylLlzia IyR GKS &
technical partners and users of théC The data model was then adapted to the specific needs, adding the
corresponding fields for the variables originally not foreseethe current version. Since the data model was
conceived for port operations and containers, specific fields were addeshable the representation of the
processes and cargo types that were missirgg, 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:

"tripemissions™: [
,

“pom™ :

"pomt™

"unit”

"timestan
"value": @,
"starttimestamp’
"endtimestamp™ :

1,

"costemissions": [

"value™: @,
"starttimestamp™
"endtimestamp”:

Figure84d, 31 APOET O T £ 4) #98 P60 A AFRRAIGHT! Savkde: olMBIRKET T AAADPO

8.2 Partner Roles

ABSprovided 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 déifent solvers was developed so that solvers were easily integrated in the
platform. This archetyp&s also to be used fdhe integration of external solvers, or solvers that are developed
by users that wish to have them included in the FEREIGHT platfior.
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CERTHas provided a GitLab group, which was used as a code repositamgnly for the central platformbut

for all the UGs. Having a code repository that is accessible for all partners is not only important during the
development stage, as different partners can reviel S & 2 f @ SdukheRad@t®riiSnformyatRn on their
functioning but also irthe following stagesensuringOl LJ- 6 At AGAS& GKIF G F NB dza S¥dz
development.

WINGShas undertaken the task of developing therkflow engine, through which solvers will be ablebt®
linked to form fulifledgedE2Esolutions for many possible applications depending on the identified needs of the
variousUGs.

eBOSis responsible for the design, development of the FRBEEIGHUser interfaceafundamental component
as it provides the end useiith a set of functionalitiesshowcasing the utility of the platfornThisGraphical User
Interface GU) isthe top-most component of the platform anthe 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 versiocaghenents
included in the centrdFORFREIGHT platforrach of the components included in the central platform will have
its implementation activities specifiduelow in the order they were previously introduced

API| Gateway

The entry point of the central platforns responsible for routing the various requests made to the platform to
the appropriate service or solver.

¢CKS 1tL 3IFGSelreQa AYLIE SYSyhal GA2y [141 jodzuseds iR noiclgu8 | RR A
Kubernetes environmentdue to the baremetal nature of the cluster. This component acts as a load balancer,
which automatically assigns émernet ProtocolIP)addressrom 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 furtion properly is to create an appropriate ingress after service deployment.

Service Monitoring

The service monitoring component allows for the visaion of the status of theluster, regarding hardware
utilisation, performance and availability of the different services that compose the FREIGHT platform.

Prometheus allows for the collection thfe metrics of the various pods within the clustendaalthough it allows
for basic status visualition, a Grafang15] service is included in the monitoring compongeatlowing the
creation of custom dashboards for the various metricdlected by Prometheus.

Regarding the implementation of this component, both services (Prometheus and Grafana) are available as a
groupin a Helm chart which was used for the deployment of this component. Additional configurations were
necessary to ensuran adequatebehaviourfrom the component.

Once deployed, a set of dashboardasset up to visuade the status of the various pods within the cluster, the
hardware and network utation, and alerts were configurefibr downtimerelated issues.

Authentication and Authorisation

The authentication and authaation component ensures only authseid users have access to the contents of

the platform and anything underneath s 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 ndede changedbefore deployment, which should

be reviewed cautiousifOnce the service is deployed, an appropriate ingnegstbe 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/authaation via a proxy, itsnplementation is up next.

Oauth2Proxy is a reverse proxy that provides authentication using providers to validate accounts. This project
includes multiple providers used for authentication/autrsation, namely Keycloak. This useful tool also
accounts for a helm chart, blike 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 reqdite make sure every requegioes through
authentication/authorgation.

Tenant Service

The tenant service igsponsible fohaving distinct content availabtaly for certain tenantsyhena separation

of concerns is identifiedlo achieve thibehaviour a microservicdnas been developed, making use of Spring
Boot technologies, which will be accessed alongside any request made to the platforrmauades 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 thequiresinformation regardingwhat solvers are
available andany specific informatiorabout each of them such as thie description andexpectedoutput. This
component is to be updated frequentlgnd specificalljwhenever 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 SpiBupt service which serves a REFT 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 servicesust follow since we can make use of the Helm chart that was
developed for the solvetdieployment.

Continuous Integration and Continuoudeployment/Delivery

The CI/CD component allows for uninterrupted developmefihe 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 includesdilployment of a database for persistendéhedatabase
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 usingchiaftas, wasdeployedand 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 stepsere completed TeamCity was deployed and ready to be used for the CI/CD necessities of the
FORFREIGHT platform.

Code Repository

The code repository serves asommon tool for the various partner developers to share their code with the rest

of the partners for either collaboration or solution sharifighe tool selected for this purpose is GitLab which
allows forthe 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 groupthis will be used to orgase various repositories and can have differantess restrictionsnce

the first full drop includes solutions from the three differdn®@ and the central platfornfour repositories were
created.

Once the repositoriebiad 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
repostories, they were given the maintainer role before the solutions were made available in the repositories.

Additional functionalities that are to be explored include the sdifion of Git repositories in addition to other
components suchas Teaii® F2NJ 6 KS O2y (Aydz2 dza sellB@ads$St 2 LIYSy i 2F (K

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 #@Emultimodal solving processes.

The tool selected for this component was NeldED, which has all of the required capabilities listed above. The
deployment of the NoddrED instance starts with a custom deployment in which a base image is used for
deployment Snce this deployment is done in a Kubernetes environment, there are additional concerns
especially regarding the service exposed during deployment as multiplegrertsquired for correct Nod&RED
functionality. Once deployed, the workflow engine can now be setup with the flowg laksfined directly in the
NodeRED 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.

AsynchronousBroker

The Asynchronous Broker serves as an alternate communication method, other than the usual API
request/responseand 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 addessithin the platform through the topics that are
created for solverto-solver asynchronous messaging. Once deployed, the braesr have topics created,
messagesan beproducedand sentto said topicanaking them available for other componentolvers will be
responsible for producing and consuming these messages.

8.4 Demonstration of Solutions

CKAA &4dz0aSO0A2yQa LMzN1I2A&S Aa G2 RAALI I & FFRR@GIW2Yy Al
platform along with a brief description of their functionality within the platform. As all components have their
functionality explained in the previougstion, and some components cannot be demonstrated further, not all
components are demonstrated in this section.

Service Monitoring

Since the service monitoring component includes both Promethedsch acts as a monitoring serviand
Grafanawhich allows for visuadation of various metrics collected by Promethetws) separatedashboardsre
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available for visuaation.t N2 YS (G KSdza Q RI & Ko 2 lsilidh ofitHe 6t@us af thed @analsipsdsS DA 2
that areresponsible for collecting the metrics within the cluster

9 Prometheus Alert h Status~ o

Targets
Al Unhealthy  Expand All Q  Filter by endpoint I (U v [ unheaithy | v | Healthy |

serviceMonitor/forfreight/stable-kube-prometheus-sta-alertmanager/0 (1/1 up) EEEES
serviceMonitor/forfreight/stable-kube-prometheus-sta-alertmanager/1 (1/1 up) m

serviceMonitor/forfreight/stable-kube-prometheus-sta-apiserver/0 (1/1 up) EEiES

Scrape
Endpoint State Labels Last Scrape Duration Error
https://10.100.0.100:6443/metrics ([ 16m 15s ago 41.501ms

v
serviceMonitor/forfreight/stable-kube-prometheus-sta-coredns/0 (2/2 up) (IS
serviceMonitor/forfreight/stable-kube-prometheus-sta-kube-controller-manager/0 (1/1 up) (IS
serviceMonitor/forfreight/stable-kube-prometheus-sta-kube-etcd/0 (1/1 up) (2
serviceMonitor/forfreight/stable-kube-prometheus-sta-kube-proxy/0 (3/3 up) (IS

serviceMonitor/forfreight/stable-kube-prometheus-sta-kube-scheduler/0 (1/1 up) EEEES

Figure8-5: Prometheus Dashboard (Targets)

Figures-5 disphys a screenshot of the Promethedust | NH S G\iitiin it onE ®the system pods from the

cluster areportrayed, and their status can be vissatl. Additional information is also available onteK S f A & (i C
rows areexpanded, such as the endpojmthich can be used for pod access inside the clugierlabelswhich
includecluster information and whethe specifigpod was last scrapedneaning when their metrics were last
collected additionally, if there are any errors detected they can also be visgdtiere.

Althoughsomedza SF¥dzf AYF2NNI GA2Y A& F@FAflIo0fS GKNRIZEK t NB°
better represented iime series graphesr other graphical representationghich is why thé&rafana dashboard

is included in the service monitoring componeht the Grafanadashboardthe same metrics can be orgaad

and visuabed in different mannersAn example of the usefulness of graphical representations of these metrics

is when considering theardware utilgation, for exampleCentral Processing UniEPl and memory

= Home > Dashboards ode E E E & | Addv | |'Share

CPU Utilisation A CPU Saturation (Load1per CPU) A

v Memory

Memory Utilisation A\

15.0%

: -
0%

15:30 15:40 15:50 16:00 16:10 16:20

Figure8-6: Monitoring Dashboard (Grafana)
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Having access to this information and vissiadj it in real time can aid in the preparation of additional resources
if necessary ordentifying current issuesFigure 8-6 displays a screenshot of the monitoring dashboard
highlighting CPU and memory iltion, with each color representing one of the nodes within the cluster.

Authentication and Authorisation

With the authentication and authosation component being handled by Keycloak, it can be accessed
immediately after deployment through the administratiamonsole, which after logging in with thedmin
credentials, it presents a set of options, including the creation of custom realms

= @EKEYCLO ® admin + .

FOR-FREIGHT

Manage
Clients

Welcome to

FOR-FREIGHT

If you want to leave this page and manage this realm, please click the corresponding

menu itemsin the left navigation bar

Figure8-7: Keycloak Administration Page (FORREIGHT realm)

The options availableo the adminare portrayed irFigure8-7, whichpresents a screenshot of tlaministration
console within the created FGRREIGHT realnin the screenshothere are multiple management options
related © access control, namelples and groups, which can be used et uprole-basedaccess control.
Furthermore, there are also realm settings whisbludeoptions such atogin, email,or themeconfigurations

Once the necessary configurations aampleted,and considering the use of G2Proxy, requests made to
GKS LI FdF2N¥Qa aSNIBA OS Keyddd, wihiti eftemMdlidaide uthorigaton tdkEnR A NB O
sentalong withthe request orrequests thathe user login before accessing the requested content.

*tFOR
+.2: FREIGHT

Figure8-8: Keycloak Login Page

This is the intended behaviour for authentication and autksation, as it allows fola direct accessvhenevera
token is sent along the requesimade to the platformand alogin first access fouser interfacesFigure8-8
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contains a screenshot of the actual login page the user is presented with when attempting accpsestéutad
URL

Workflow Engine

Toefficiently manage the T&L services' lifecycle and monitor the status of the E2E operations aRREIGRIT
services, an automation flodwvased architecture is introduced. The objective is to create a customiiimed
development platform for visually progmming the automation flow of the E2E process, integrating the l1oT and
various hardware devices, APIs, and online services. This custom tool, part of H&REGRT user interface,
will offer capabilities to model, create, edit, and modify tgalecificT&L processes, define evetniggering rules,

and link each flow graph node to relevant 10T devices, legacy systems, solvers, and other services.

Figure8-9: An example of NodeRED flow.

NodeRED, an openource, flowbased development platform, facilitates this by allowing users to create
applications and automation flows through a visual flowcHike interface. Nodes represent various functions
anddevices anatan be wired together to define logic and interactions. N&teD simplifies I0T integration with
nodes for MQTT, HTTP, TCP, and other I0T protocols, and providesbhaseebinterface accessible from any
device for remote programming and monitoring. Itegrates seamlessly withBSTful APIs, databases, cloud
services, and more, supporting reahe, eventdriven operations. Additionally, NoeRED includes a dashboard
feature for creating custom webased dashboards to visusdidata and control devices, enhancing the overall
user experience and operational efficienéyn example of the Nod€&RED flow for the FORREIGHIE depicted

in Figure8-9.

8.5 FORFREIGHT Platform User Interface

The FOREREIGHT project aims to enhance the efficiency anebfiestiveness of mukimodal freight transport.
This is achieved by developing a cldaased platform for monitoring, controlling, and managing cargo. The
platform will facilitate better managment of goods and freight flows by optisitig multtmodal and multi
stakeholder logistics processes, improving access to Shimnent services, and considering economic,
environmental, and social factors.

The FOREREIGHT GUI will offer tools and dashboards for KPI monitoring and analysis, supporting remote
monitoring and analysis of services. The FBEIGHT partners and stakeholders will be able to create
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