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Executive Summary

Deliverable D5.6 "Technical Evaluation, Validation and Assessment Report (2)" will present the final analysis
performed from the implementation and validation activities of aerOS within its five industrial pilots. The
document consolidates the results freatup, development, and integration phases, assessing both technical
and operational achievements through KPIs.

This is supported by the technical KPI evaluation, which shows an 87% completion rate, reflecting the
robustness, interoperability, and scalability of the aerOS architecture with its<08etapabilities. Pilot KPIs

were defined in five domains: Smart Mdacturing, Renewable Energy Edge Continuum, Cooperative Mobile
Machinery, Smart Ports, and Sustainable Buildings. Several achieved a@arsi€cess, demonstrating the
adaptability and efficiency of the platform in different environments. Impact KPirargy in communication,
dissemination, standardization, and exploitation with most targets exceeded, thus validating the strategic
outreach and sustainability of the project.

Moreover, the requirement coverage analysis performed confirms that 98% of the technical requirements and a
very high proportion of the user and system requirements were fully or partially covered, thus ensuring full
traceability to project objectives. freneral, D5.6 validates aerOS as a mature,ctosegin, and valu€riven
Cloud-EdgeloT continuum solution ready for larggeale adoption.
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1. About this document

This deliverable summarises the final validation, evaluation, and assessment activities conducted within the
aerOS project, with a focus on the technical and operational achievements derived fraworlcealilot
implementations. Building on previous daiables (D5.4, and D5.5), it brings together the final experimental
evidence from pilot deployments, technical KPIs, and impact indicators, providing a comprehensive overview
of how aerOS fulfils its design objectives.

Sections 2 to 7 present:
T Section 2:Results of setup, integration, and validation across all pilots

f Section 3: Evaluation of technical KPIs confirming system functionality, performance, and
interoperability

T Section 4:Validation of pilot KPls measuring operational efficiency, sustainability, and scalability
1 Section 5:Analysis of impact KPlIs on dissemination, exploitation, and standardisation
1 Sections 67: Detailed requirements coveraged inal Key Value Indicator analysis.

1.1. Deliverable context

The main objective of Deliverable D5.6 is to present the final results of the aerOS vali
technical evaluation, and performance assessment activities. It consolidates the ¢
gathered from pilot deployments, verifying the successful integratidnoperation of th
aerOS architecture and its components across diverse industrial and societal d
Furthermore, it measures the achievement of technical;gutatific, and impact KPIs t
demonstrate the effectiveness, scalability, and sustadigaliithe aerOS Met®S solution.
The work plan followed a structured approach that built upon previous deliverables
D5.4, and D5.5). It included: (1) completion of the technical integration and deplo
Work plan | activities across all pilots, (2) execution of the validation plan and KRisanemen
framework, (3) analysis of requirement coverage and overall system matmity(4)

assessment of results through Key Value Indicatoe¥' I&.

There are not any specific milestones associated to the delivery of D5.6. However, i
contributes to the achievement of:

Objectives

HIESIEnES T MS 2 Use cases and requirements
1 MS 3 Components defined
The deliverables that are related with D5.6 are:
Deliverables 1 D5.2- Integration, evaluation plan and KPIs definition {2M18)
1 D5.5- Technical evaluation, validation and assessment repor{{134)
1 D5.41 Use cases deployment and implementation (2)37)
Risks No risks have been identified in D5.6

1.2. The rationale behind the structure

Deliverable D5.6 is structured in such a way as to clearly and logically pfieskthie validation and evaluation
outcomes of the aerOS project in an evideoaged manner. It follows the methodological approach defined in
D5.4, guaranteeing continuity in the documentation of the technical progress and related validation activities.
The integration results are summarized together with the validation processes carried out in all the pilots and
the final assessment of KPIs and\s that will jointly provethe maturity of the aerOS ecosystem.

Each part of the deliverable matches a dimension of the evaluation process. Section 2 provides the aggregate
outcome of the integration and validation work carried out across the. filwta,Sections 3 to 5 detail the
technical, pilot, and impact KPIs analyses, respectivilgving on, Section 6, focuses onthe system
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requirements coverage, drawing a direct relationship between the validation results and the project objectives.
Section7 describes the expanded KeVI methodology in comparison of the analysis which was introduced in
D5.5 as well as the results and the key values that reached and indetified in evefRinailiyt. Section 8
provides a summary of the the results of all these effortithe conclusionspffering a consolidated view of

the overall achievements and the final validation of the aerOS ecosystem.

1.3. Deviation and corrective actions

According to Amendment #2, all tasks under Work Package 5 were extended, including Task 5.4, to which
Deliverable D5.6 belongs. As a result, D5.6 is submitted in Month 38 instead of Month 36. This extension
was applied at the overall project level, prorglan additional two months to maximize project impact, fully
achieve and even surpass the objectives and KPIs, and ensugualighreporting.
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2. Final Report on Results of Activities

2.1. Summary of activities reported in previous deliverables

The succeeding paragraphs summarize the pilot activities executed until M35, followed by the reporting of the
validation activities in the next section 2.2

Pilot 1.16 Gr een manufacturing & CO footprint

The SIPBB fiLighthousedo drone | ine was reconfigure
the original asset plan and shifted effort toward integration on the updated line.

Architecture actually deployed A Raspberry Pi (Nod®ED) collects station data at the edge; a ProLiant
MicroServer hosts two VMs forming a Kubernetes cluster where aerOS services runt.Dnieoeives the
station data. The Edges-Cloud table shows the move from manual API pulls émaged services on K8s with
edge data collection.

Stations & dataflows used 3D Printer Farm, Smart Conveyor, Quality Check, Packaging, and the SMC Air
Management System were integrated into the pipeline. Figures documerREDdagestion, Orioi D state,
and longterm storage (Prometheus/PostgreSQL).

Dashboards & outcomes Dashboards visualize perder carbon footprint and energy consumption; aerOS
fibasi cobasd chneowmmponents are | isted as installed

DPP & compliance activities The team built a Digital Product Passport data trail: component classification
(supplied vs irhouse), logistics footprint estimation, packaging, and total footprint calculation for each drone.
They also experimented with the Ga{aVizard for credentiailssuance/signing.

Pilot 1.28 Automotive smart factory zerdefect metrology

Deployment path First a PoC with Entry Domain services at NASERTIC (identity/access control + secure
connectivity), then full migration to Innovalia; final deployment at AIC with multiple CMMs operating in a live
metrology setup.

Thefinal architecture comprises three domains: (1) Entry (Keycloak/OpenLDAP, gateway), later moved to
Innovalia; (2) Innovalia Metrology domain with CMisldjacent edge IEs; and (3) M3 Software domain for
metrology operations. Communication uses the @QRCRobotLink Server; CMMsre linked to the edge
infrastructure (no direct HLO on machines).

Standardized machine acces® dockerized RLOPC service exposes machine parameters and methods over
OPGUA for aerOS/M3/HMB documented screens list rdahe attributes (positions, speeds, probe angles,
energy values).

aerOS components & OpsScreens show the installed aerOS services per domain (Entry and Metrology) and
the Management Portal views (users, domains, continuum map).

Validated capabilities. Remote configuration/operation of CMMs, Digital Twin assembly for monitoring/early
deviation detection, and dynamic execution of measurement services. Theskctlged table documents the
shift of execution/control from cloud to edge with Self* modwulad OPGUA

Pilot 1.38 Zero Rampup Safe PLC Reconfiguration

19



D5.67 Technical evaluation, validation and assessment report (2) =aer0s

Three-tier setup online Nuremberg runs the physical line (4 AGVs, mobile robot arm, safety door) with edge
processing; Munich hosts a TSN lab; a restricted cloud tier runs orchestration only, all bridged with secure
VPNSs. Industrial Edge services now execute vision and dd&ctoh locally on SIMATIC IPCs, in line with
Siemensd6 data policies.

Shopfloor network and safety stack in place Dedicated TechHall subnet with SCALANCE
firewall/topology; SICK NanoScan3 scanners + Safety PLCs integrated; AGV fleet manager configured with
maps/paths.

Operational low-code orchestration A behaviot r ee ( BT) wor kfl ow drives or
sorting Y opportunistic charging; aer OS handl es
navigation, lift, safety, ROSIA bridge.

TSN lab and zerotrust connectivity. SoCe MTSN switch with IPC + Raspberry Pi nodes; OpenZiti overlay
links the TSN lab and primary aerOS domain; management/federation deployed (basasin@omponents;
Docker/NATS LLOs).

Federated secondary domainNASERTIC configured as secondary for resiliencefdesédency; Federator
sync via OpenZiti entrypoints.

Pilot 1.46 AGV Swarm, Zero Breaklown Logistics

Multi -domain pilot stood up aerOS entry/management visible across the pilot continuum; network and
domain infrastructure prepared (MADE dedicated network; singtle K3s + Raspberry Pi 5 at
MADE/POLIMI).

Order-to-execution flow integrated Ordermanager apps (MADE & POLIMI) containerized with ciaath
images and registered in aerOS; N&Sl entities in OrioALD enable order state and event sharing; a synthetic
order generator supports etaend tests.

AGV navigation stack validated ROS Noetic with AMCL localization, global planner, RPLIDAR, RViz
monitoring; web AGY¥Commander + Flask API bridge to ROS; @nebnd test from order creation to AGV
mission confirmed.

Pilot 28 Green Edge Processing

Dual-site IE deployment Two edge nodes gorem with Kubernetes; central management on CloudFerro.
El ectrumés SCADA/ 1 oT backend is connecteddD. PV and

Energy-price forecasting pipeline running tgescrapper (ingest), price_prediction (model), and
data_connector (publish) are containerized and orchestrated; models retrain/roll periodically to improve
accuracy.

Right-sized placementComputationally heavy clouchask processing kept in the cloud to balance CPU/GPU,
while price forecasting, PV, and RDHXx analytics execute at the edge.

LLO improvements and security. LLO patched for nodepool IE selection; semantic annotator/translator
removed in favor of Dat&abric connectors; (Kata) runtimeClassName limitations noted for future hardening.

Pilot 38 Cooperative Mobile Machinery
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Vehicle and controller stack in place SESAM electric tractor (JD) and R975i sprayer integrated; AutoTrac
RTK guidance operational; TTControl Motion Board with Jetson AGX Xavier runs perception/control. Lab
testbed is prepared for KPI runs and field validation windows (seasonal).

Pilot 48 Smart EU Port

Predictive maintenance live Data acquisition from Siemens -3300 (STS) and Omron CS1G (straddle
carriers) via Siemens 10T2050 gateways (N&tD); 4G backhaul;, EUROGATE domain server aggregates
and orchestrates; EntryPoint moved to AWS and linked bytsitdge VPN.

Visual inspection pipeline Large, labelled datasets for container ID/damage/seal; dashboards for damaged
container evidence; Jetson Orin IE nodes onboarded; aerOS core services deployed at CUT and on Jetsons
inference/storage validated. Regardi@gntinuum integration & security, Port entrypoint and domains

visible in the management portal; EAT and WireGuard overlay configured to travefSAT@nd secure east

west traffic.

Pilot 50 EnergyEfficient, HealthSafe Smart Buildings

End-to-end smartbuilding loop closed Two aerOS domains (Entry + Main) with KubeEdge atfdge; loT
backend and Home Assistant containerized; actuator controls HVAf/gier/dehumidifier from
optimization targets.

Al + Optimization + Recommender integrated Health Index and Environmental Forecasting (XGBoost)
publish to OrioALD; an EnergyEfficiency regressor complements the stack; an optimizer computes target
room conditions; a rubbased desk Recommender (Docker+Helm) serves the GUI over MQT AN SI

Data Fabric as the backbonell IoT data products defined; Forecasting, Optimizer, Recommender, and GUI
are all wired through the Data Fabric/OrbD; reatt i me user flows (presence
demonstrated.

Scenario 20 5G security extensionsOpenCAPIF deployed to expose NEF securely; UPF VNF onboarded
in the continuum and validated with UERANSIM; RBAC enforced via LDAP/Keycloak/KrakenD.

2.2. Report of Final Validation Activities

The followingtablessummarizehe last activities performed by each péoid their resultsAll the Validation
activities iincluding KPI® and the pendingntegration activities, reported on the previous D5.4. Together
with these activities, descriptions of the pilots and their scenarios can beAmpeddix | includes éscriptions

of the pilotsandtheir scenarigsand complete activity reports, divided by pilots, gulbts and activities.

The following table summarises the latest activities carried out by Pilot 1. This table is also subdivided into the

different subpilots of aerOS Pilot 1. The table describes the activity code, its name and a brief summary of the
results obtained.

Pilot 1 - Data-Driven cognitive production lines

Pilot 1.1 - Green manufacturing (zero netenergy) and CO2 footprint monitoring
P1-BP1-1A13: aerOS notbasic components All non-essential aerOS components required by
pilot have been successfully installed

P1-BP1-1A14: Integration of data analysis service { The LLM model was tested in SIPBB systems
reports and statistics creation
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P1-BP1-VA19: Data quality verification

The completeness of the time series was verified,
the values were found to be within their range. ]
CoO footprint predict
compared with the actual values

P1-BP1-VA20: Improvement activities

Data flow has been optimized. @BCF data foi
specific products can also be obtained

P1-BP1-VA21: KPIs validation

Please refer to the KPIs section

P1-BP1-VA2: Qualitative validation

Please refer to the KeVI analysis

P1-BP1-VA23: Evaluation and reporting

Pilot 1.2 - Automotive Smart Factory Zero Defect
P1-BP2VA8: Remote configuration/setp of the

CMM instrumentation robotic and kinemat

configuration

This section refers to the final evaluation of the p
(if any) and the reporting / documenting of ¢
activities in D5.4 and D5.6
Manufacturing

The configuration has been successfully complet

P1-BP2VA9: Remote tactile operation of CMM

The movement of multiple axes and tools conne
to the gauge can be controlled remotely

P1-BP2VA10: aerOS assist and optimize the proc
of Digital Twin creation

The physical gage is digitally reflected through
digital twin running on an aerG&abled computing
continuum

P1-BP2VA11l: Dynamic execution of metrolog
services and Data assembling

Metrology services can now be executed in a s¢
automated manner, requiring only  minim

P1-BP3VAl: KPI
availability > 95%

2.1.8 validation: AGV

Pilot 1.3 - Zero Ramp-up safe PLC reconfiguration for Lot-Size 1 Production

intervention from the metrologist

The AGVs are now able to charge autonomously,

P1-BP3-VA2: KPI 2.1.7 validation: AGV usage > §
%

Pilot 1.4- AGV Swarm Zero break-down logistics
P1-BP4VAL: Distributed order management acrg
MADE and POLIMI domains

The productivity of the robotic arm stations teen
increased
for Lot-Size 1 Production

aerOS has enabled more efficient order schedu
achieving measurable reductions in unneces
movements of automated guided vehicles (AG
and downtime

P1-BP4VA2: AGV path planner and navigatig
system

ROSbased navigation system was validated wit
the POLIMI domain

P1-BP4VA3: Al/ML -based outsourcing model

The modekorrectly predicted outsourcing decisig
with high reliability, ensuring that POLIMI coul
take over orders dynamically

P1-BP4VA4: Edgefirst deployment of aerOf
services

92%o0f deployed applicationsow run on edge node

P1-BP4VAL: Integration with OrioALD and inter
domain communication

The OrionLD context broker was validated as t
backbone for semantic interoperability across MA
and POLIMI

P1-BP4VAG: KPIs 2.1.5 & 2.1.9

Please refer to the KPIs section

The table below provides a summary of the most
code, its name, and a brief overview of the results

Pilot 2 - Data-Driven cognitive production lines

recent activities conducted (8; Ritbtiding the activity
achieved.

P2-BP1-VA17: First Containerized Edge Node te

Power and temperature parameters were checke
successfully verified

2
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P2-BP1-VA18: K8s setup and test

K8s installation was verified as a stable installat
for both clusters.There were no connectivity iss
beteween the nodes in each cluster

P2-BP1-VA19: Second Containerized Edge No
test

Power and temperature parameters were checke
successfully verified in the testing environment

P2-BP1-VA20: Both Containerized Edge Node r
test with aerOS

The activity has been successfully validated

P2-BP1-VA21: HW installation and run test i
container

The containers were installed on CF site. Seqg
batch of hardware was mounted and connected ir|

P2-BP1-VA22: Scenario 1 deployment and test

Hardware (metal containers with PV power soul
and software (aerOS components) environments
prepared

P1-BP1-VA23: Scenario 1 lessons learned

Experience has been gained and lessons learn
relation toScenario 1

P2-BP1-VA27: KPI validation (1st version)

The KPI definitions had been completed and
specifications for measuring them had also b
finished

P2BP2VA24: Configuration Validation test

Validation tests were conducted: netwq

connection, overall health checks

P2-BP2VA25: Scenario 2 deployment and test

The deployment and tests have been carried out

P2-BP2VA26: Scenario 2 lessons learned

Experience has been gained and lessons learn
relation toScenario2

The following table outlines the latest activities performed by Bjldetailing the activity code, its name, and

a concise summary of the outcomes.

Pilot 3 - High Performance Computing Platform for Connected and Cooperative Mobile Machinery tg

improve CO2 footprint

P3BP1-VAL: KPI validation (Lab)

Please refer to the KP&nd Appendix kectiors

The table below gives an overview of the recent activities carried out by Pilot 4, highlighting the activity code,

the name, and a short summary of the results obtained.

Pilot 4 - Smart edge services for the Port Continuum

P4-BP1-VA1L: Data acquisition

Different testbenches have been performed for
verification of data acquisition from the different dg
sources

P4BP1-VA2: Data Storage

Two parallel NoSQL databases have been use(
data storage

P4BP1-VA3: STS and Straddle Carriers Al mog
inference verification

The different Atbased models have been verified
STS and Straddle Carriers real time maintenance

P4BP1-VA4: aerOS entrypoint domain i

EUROGATE domain communication

Proper communication between two of the p
domains (from the entry point to the EUROGA]
domain) has been verified

P4BP2VAL: Video storage

The video streams captured by the IPTV cameras
properly recorded and stored for further used
datasets on CV models training
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P4BP1-VA3: aerOS entrypoint domairi CUT
domain communication

Proper communication between two of the p
domains (from the entry point to tl&JT domain)
has been verified

The table that follows summarizes the recent activities of Biligting the activity code, its name, and a brief

description of the results obtained

Pilot 5 - Energy Efficient, Health Safe & Sustaina

pble Smart Buildings

P5BP1-VA25: Endto-End Demonstrator (Seatir
Recommendation)

The validation scenario has been demonstr
through several sequences of activities

P5BP1-VA26: Pilot Services Created, Managed &
Operated by aerOS Orchestrator

This validation activity evaluates the KPI 2.5
Please refer to the KP&nd Appendix | sections

P5BP1-VA27: Energy use Reduction

This validation activity evaluates the KPI 2.5
Please refer to the KPIs and Appendix | sections

P5BP1-VA28: Edge Processing Performance Ga

This validation activity evaluates the KPI 25
Please refer to the KPIs and Appendix | sections

P5BP1-VA29: Service Availability within the
aerOS IE

This validation activity evaluates the KPI 215
Please refer to the KPIs and Appendix | sections

P5BP1-VA30: Service Creation / Scalability

This validation activity evaluates the KPI &5
Please refer to the KPIs and Appendix | sections

P5BP1-VA31: Improvement of Air Quality

This validation activity evaluates the KPI Z5
Please refer to the KPIs and Appendix | sections

P5BP2VAL: 5G E2E deployment validation wit
VNFs over aerOS (UERANSIM)

A new NEF capability has been integrated ¢
implemented through aerOS in thdgedomain

P5BP2VA2: Access Control based on establish
RBAC Rules

It has been confirmed that the RBACs integrated
aerOS effectively enforce the defined policies ac
the entire continuum

2
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3. Technical KPIs for aerOS

The purpose of the technical KPI dimension has been to address the existence, functionality and availability of
the technical components and features defined and implemented in the aerOS platform. To analyse the technical
parameters, the assessment has bea#t upon the results and outcomes from integration, and testing activities.

To do so, the dimension was in turn split into 11 fields. The below bar chart graph shows the percentage
achievement of each field withing the technical dimension.

Network & Compute
Fabric

Stakeholder / User

. . Data Fabric
satisfaction

66/67% 90,00%

Service Fabric
100,00%

Embedded Analytics
100,00%

70,00%

Management Cybersecurity
framewaork components
100,00%
85,71%
Common API Self-* and monitoring

100,00% 66,67%
Decentralised Al

A recap of each field is as follows:

1. aerOS network and compute fabric Formed by 6 KPIs, which all of them were beyond the targeted
values. In particular, a response time for the orchestration of 10T applications about 4.6 seconds (KPI
1.1.1) with a 100% onsistency of deployment compared to app bluep(®d 1.1.6) was achieved
thanks to the implementation of up3@ Openrsource components (KPI 1.1.2) in order to enable aerOS
to deploy and manage applications spanning the continuum. In addition, the usage of 5G native APIs in
2 scenarios (KPI 1.1.3) as well as TSN (KIP1.4) in one more has guaranteed that aerOS is a valid
platform for supporting the demand high levels of network determinism and reliability, as well as
network awarenesd heir use among the different pilots in the project was proved by deployment into
69 old equipment unitthat wereturned on actionable aerOS nodg®l1 1.1.5),

2. aerOS data fabric: 10 KPIs were set up, over which only one was not fulfilled, i.e., a 90% success
rate. In detail, seven scenarios supportieda pipelinegKPI 1.2.1) and smantic and syntactic
interoperability(KPI 1.2.2), thanks to, among others the support of 3 semantic annotators (KPI 1.2.6),
with data sources semantically annotated and exposed via Data Fabric (KPI 1.2.7). aerOS was not only
focused on providing tools for the pilots of the project, but fdsdts holistic CEl platform, where 3
ontologies (KPI 1.2.3), 5 data sovereignty initiatives (KPI 1.2.4), 4 type of data sources (KPI 1.2.8),
and 3 data models on open markets (KPI 1.2.5) were provided. It should be noted that the target value
of this last KPI was originally set to 5, but it hagbehown during the project lifetime that the 3 data
models already implemented are more than enough for the distributededgeitt paradigm of
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aerOS. Moreover, the use of up to 15 concurrent data pipelines (KPI 1.2.10) was demonstrated,
guaranteeing latencies in the range of only 0.44s (KPI1 1.2.9).

3. aerOS service fabricfield was overviewed with 5 different KPIs, all of them fulfilled. It has
incorporated more than 100 aerOS services (KPI 1.3.2), includiMiNENetApps to improve
performance and seffnetwork reconfiguratiofkPI 1.3.1), allowing at least 4 service components can
be run in different domaingalthough theyform part of a singldunctional servicgthanks to aerOS
network components KPI 1.3.4), and running along 7 different access network type, including LAN,
WiFi, 4G, 5G, RFID, or Bjbee (KPI 1.3.5). Last, but not least, it should be noted that 7 out of these
services can be deployed with the DevPrivSecOps CI/CD pipelines defined in the project (KPI 1.3.3).

4. aerOS cybersecurity and trust componentdield was also formed by other 10 KPIs, with 3 not
accomplished. It included the delivery ofiddicated aerOS components all as egpmurce software
(KP11.4.1), 3DevPrivSecOps cookbook and good practices mgiirl1.4.3). Their groundbreaking
performance has been proven through a 97,7Usefs/device/services properly authenticgtcl
1.4.4), with up to 150 authentication requests being handled in parallel (KPI 1.4.5), as well as 100%
users/device/services properly authoriged.6), with up to 1%petitions handled by the APl Gateway
per secondKPI 1.4.7). Unfortunately, only 4 out of the 8 pilot scenarios proved them (KPI 1.4.2), but
it has a clear view of the benefits of the cybersecurity mechanisms. Regarding the trust component of
the project, the use of IOTA in aerOS allowed uf-tbtransactions per minute per pilot domgi®I
1.4.8, although it was expected to achieve up to 5), with a minimal load increased with respect to not
its use (KPI 1.4.9), and with an average latency difference below 2% (KPI 1.4.10).

5. aerOS self* and monitoring: 7 KPIs were identified during the initial phases of the project to ensure
the monitoring component of aerOS is warranted. All of them except one have been fulfilled. They
included the support of up to 10 different topologies (KPI 1.5.2), 28 attributestiadly monitored per
node (KPI 1.5.3), allowing to support the reductior80f% of the total running time of a no¢€PI
1.5.1), and permitting any redeployment when needed (KPI 1.5.5). From tiseadlity side, aerOS
is capable of autonomously recover at least 5 affected parts of the system (KPI 1.5.6) and detect any
type of port scanning or DoS attack intrusion (KPI 1.5.7). Like previous field, some of these metrics
have only been assess in 4 demonstrable scenarios .&®), ivhich goes below the initial target of 5.
Nevertheless, it is considered internally among project partners as a huge success.

6. aerOS decentralised Alfield is contemplated along 6 different KPIs, with a relative success rate of 4
out of 6. While the platform is able to realised a decentralized Al/ML with scalability comparable to
centralized approach with 3 different applications (KPI 1.6 dljdatied with acomprehensive support
with 2 XAl and 2 frugal applications (KPI 1.6.3), plus 3 decentralized frugal Al techniques (KPI 1.6.5)
and 2 explainable Al techniques (KPI 1.6.6), onlgabkbook/good practices manual for explainable
frugal Al near the edgeas been delivered (KPI 1.6.4), which can be the reason of acknowledgement
of project partners, so that only 15% of energy consumption has been reduced due to moving Al from
cloud to the edge (KPI 1.6.2).

7. aerOS common APIfield is related to the easiness of integration inside and outside aerOS platform.
To enable that approach, 4 KPIs were set, which have been achieved. In particular, 88% of aerOS core
services are exposed through OpenAPI standard (KPI 1.7.1), inclugirajdsol buffers (KP1 1.7.3)
thatenhances the efficiency and reliability of data interchange between modules. This could not have
been achieved if there was not th©genAPI Uls for documenting APIs and generating o<l
1.7.2) that hee help to decrease the time required for-temhnical team members to deploy service
functions within aerOS from 40s to 20s (KPI 1.7.4).

8. aerOS management frameworkwas the central entrance to the users to the core aerOS platform. To
guarantee it was capable of handling all the underlying services with sufficient QoE from end users and
practitioners, 6 KPIs were identified and finally fulfilled. It included déhtinuum functionalities
available and operational through the Management RgRil 1.8.2), with3,400 updates/fom the
aerOS Federation Context Brok&PI 1.8.3), and anverage offloading ratio of entry point balanc
of 50% (KP1 1.8.5), leading to 70.8 SUS score in the QOE surveys distributed along internal and external
parties of aerOS. Their easiness of use has been proved by just taking a look to the connection of 47
aerOS domains in 17 different continuums (KPI 1.8.1).
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9.

10.

aerOS embedded analyticdield KPIs were mainly focused on proving the availability of the
Embedded Analytics Tool (EAT). There were 2 successfully achieved Kpis;pgackaged functions
supportedKPI 1.9.1) and 3orthbound wrappers designed for common operafiR$1.9.2).

Finally, although it might be considered not in their appropriate sectios,tha k e hol der 6 s s a
field was also considered within the technical dimension. In that sense, 2 out of 3 KPIs were identified
and fulfilled. Whereas at least 14 stakeholders li@pbo/edaerOS generitg the necessary evidence

to support future adoption of Me@S assetéKPI 1.10.2) andhlsotackling relevant social challenges,
including energy consumption andwaste with a reduction 064%in powerconsumption in Pilo8

and 15% in Pilot §KPI 1.10.3), the goal of embracing 80 open call applicants were undermined.
Nevertheless, given that 72 applications were received, and the 15 granted open calls awardees
successfully executed their goatsnust be considered that the quality of the proposals has lived up to

the expectations (even surpassed it).

To sum up, it has been considered that the technical dimension KPIs assessment has been a huge success. Or
8 out of the 59 devised KPIs almost two years lagwe not been achieved. From the project perspective it is
considered as a proof of the work done so far, witt8&¥ _of the technical goals fulfilled showing a
sustainable and promising future to aerOS in the metaOS and CEI paradigm. This is further strengthened by
taking a look at the 16 KPIs that were also identified back then in the proposalgsh&¥|s. In that sense, 12

have been fulfilled, with a final 75% success rate for Key Values in the project.

Finally, the next table provides a complete overview of all the technical KPIs of the project, where red coloured
are the ones that unfortunately have not been fulfilled. For more details, please, refer tb drihisxreport.

KPI# K;#/I Title Field Target Endline
KPl- | Ky | Résponse time for the or- 1.1- aerOS Nety
chestration of IoT applicaj work and com-| 8.5 seconds 4.8 seconds
111 ) 1.1 | )
tions pute fabric
Opensourcecomponents i |
KPI- | KVI |for aerOS to deploy and %/Q%)rlfg:\odscglrﬁf 3 opensource | 37 opeRsource compo
1.1.2 | 1.2 | manage applications spatr . components nents
. . pute fabric
ning the continuum
AR | W UsEne @ 50 MED ARl 1vvtrlflgrnodS(:CIJ\Irﬁt 2 scenarios 2 scenarios
1.1.3 | 1.3 |(3GPP NEF and SEAL) .
pute fabric
KPl- | KVI 1.1- aerOS Net+
Usage of TSN work and com- 1 scenario 1 scenario
114 14 .
pute fabric
Number of old equipment| 1.1- aerOS Net- .
KPI units turned on actionablg work and com- Al equIPmen g9 o1g equipment unitg
1.1.5 ; units
aerOS nodes pute fabric
KPI- OSBRI dgployme L2 B N el 95% consistent| 100% consistent de-
compared to service blue; work and com-
1.1.6 : . deployments ployments
prints pute fabric
Full support for data pipe-
kpI- | ki |lnesinall use cases (inch ; », 0105 patd . .
open calls), identified : 6 scenarios 7 scenarios
121 | 51 ) : Fabric
through requirements elic
tation
Semantic and syntactic in
KPI- | KVI |teroperability between all| 1.2- aerOS Datg 6 scenarios 7 scenarios
1.2.2 | 5.2 |data producers and con- Fabric
sumers in all use cases
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KPI# 4 Title Field Target Endline
Reference implementatio
for a data infrastructure
KPI- | KVI |supporting full usecontrol| 1.2- aerOS Datg 3 use cases 3 use cases
1.2.3 | 5.3 |in the definition of data Fabric
sources, consumers and
flows.
KPI- # _of data sovereignty initi{ 1.2- aerQS Datg 5 initiatives 5 initiatives
1.2.4 atives Fabric
KPI- aerOS data models in opg 1.2- aerQS Dats 5 data models 3 data models
1.2.5 markets Fabric
KPI- Semantic annotation SUpY 4 5 56105 patg 3 semantic com :
port for commonly used . 3 semantic componen
1.2.6 Fabric ponents
data format
% data sources from aerC
KPI- scenarios to be semanti- | 1.2- aerOS Datg , .
. 50% scenarios 50% scenarios
1.2.7 cally annotated and ex- Fabric
posed via Data Fabric
KPI- Support for multiple types 1.2- aerOS Datg 3 types of data
1.2.8 of data sources Fabric sources 4 {08 @ L S e
KPI- Data pipeline latency for | 1.2- aerOS Dats
1.2.9 data integration Fabric | gzEmne it REEnEE
KPI- Simultaneous data pipelin 1.2- aerOS Datg o o
1210 execution Fabric 5 data pipelines 15 data pipelines
Number of VNF/NetApps
KPI- | KVI |to improve performance | 1.3- aerOS Ser{ 6 services with 6 services with
1.3.1 | 2.3 |and self* network recon- vice fabric NetApps NetApps
figuration
KPI- Total services delivered b 1.3-. aerOS_ Ser{ 50 ae_rOS Ser| 100 aeroS services
1.3.2 aerOS vice fabric vices
# of successful CI/CD ,
KPI- pipelines implemented in | 1+37 3€10S Sery 4 CICD pipe- | - 7 ¢ /cp pinelines
1.3.3 : vice fabric lines
the project
Number of different ser-
vice components running
KPI- in different domains that | 1.3- aerOS Ser- 4 service compo .
: : . : 4 service components
1.34 form functional services vice fabric nents
thanks to aerOS network
components
KPI- Different types of net- 1.3- aerOS Ser{ 2 network ac-
works managed by aerOS . : 7 network accesses
1.3.5 L vice fabric cesses
in pilot deployment
Delivery of dedicated
= 0, -
KPI- | KVI aerOS components as 1.4 aerOS 100% QSS Y- 100% OSS cybersecy
Open Source SW for cy- | cyber security | bersecurity ser- . .
141 | 3.1 . . : rity services
bersecurity, privacy and components vices
trust
KPL- | KVI # scenarios with security, 1.4- aerOS
privacy and trust by desig cyber security 4 pilots 4 pilots
142 | 3.2
deployed components
Kpl- | kv | Delivery of a 1.4- aerOS
143 | 33 DevPrivSecOps cookbool cyber security | 3 cookbooks 3 cookbooks
T "~ |and good practices manu{ components
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KPI# K;/I Title Field Target Endline
KPI- % of users/device/service clbt-r ﬁgﬁt 95% authenti- | 97.7% authenticated u
1.4.4 properly authenticated Y y cated users ers
components
# of parallel successfully 1.4- aerOS
T T 5 authenticated user/de- cyber security L pg:zllel us 150 parallel users
T vices/services components
: : 1.4- aerOS .
- 0, 0
KPI % of users/dew_ce/serwce cyber security 95% authorized 100% authorized user
1.4.6 properly authorized users
components
KPI- # of petitions handled by 1.4- aerOS 15 petitions / N
the APl Gateway per sec{ cyber security 14 petitions / second
1.4.7 second
ond components
KPI- % trusted scenarios that clbtr ﬁt:cu)ﬁt 5 data transac-| 4 data transactions /
1.4.8 make use of IOTA's DLT y Y| tions / minute nute
components
Network overload limit 1.4- aerOS .
KPI- due to the usage of IOTA| cyber security S GTANES 30% network load
1.4.9 load
and Tangle components
. 1.4- aerOS
KPI- Trust Score Recalculatior : o i o
1410 and Resource Balance cyber security | 30% increase 2% increase
components
KPI- Average overload time of| 1.5- aerOS se# o : 0 .
151 IEs * and monitoring 20% reduction 30% reduction
Number of different topol
KPI- ogies and hardware/soft- | 1.5- aerOS self 10 tooologies 10 tooologies
1.5.2 ware combinations of IEs| * and monitoring polog polog
supported
KPI- # of metrics monitored *1.5- aerO_S self 15 attributes 28 attributes
15.3 from IEs and monitoring
KPI- # of avoided service dowr 1.5- aerOS self : .
. L 5 scenarios 4 scenarios
154 grade experience cases | * and monitoring
% of reorchestration re- .
N quests issued by decentra L2 aerO_S S?” 2% re_orchestra 100% reorchestration
155 . * and monitoring tion
ized IEs
KPI- # of 10T healing scenarios 1.5- aerOS self . .
o 5 scenarios 5 scenarios
1.5.6 covered * and monitoring
KPI- % of intrusion detected by 1.5- aerOS self | 90% intrusions| 100% intrusions de-
1.5.7 the selfsecurity * and monitoring detected tected
Realizing decentralized
KPI- | KVI | AI/ML with scalability 1.6- aerOS de-| 3 decentralized| 3 decentralized applicd
1.6.1 | 4.1 |comparable to centralizeq centralized Al applications tions
approach.
i Energy consumption re- i i 0 i
el X duction due to moving Al L ae_rOS de-| 50% ENergy 1€ 3504 energy reductior
1.6.2 | 4.2 centralized Al duction
from cloud to the edge
Validation of comprehen-
KPI- | KVI |sive support, by aerOS, f¢ 1.6- aerOS de-| 2 frugal Al +2 | 2 frugal Al + 2 XAl
1.6.3 | 4.3 |distributed frugal Al com-| centralized Al XAl apps apps
ponents with explainabilit
KPI- | KVI |Delivery of a cook- 1.6- aerOS de-
1.6.4 | 4.4 |book/good practices centralized Al o e RE 1| Gk
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KPI# 4 Title Field Target Endline
manual for explainable fry
gal Al near the edge.
KPI- Decentralized frugal Al 1.6- aerOS de-| 3 frugal Al tech- .
o . . 3 frugal Al techniques
1.6.5 use cases for application| centralized Al niques
KPI- Al explainability tech- 1.6-aerOS de-| 2 XAl tech- 2 XAl techniaues
1.6.6 nigues available centralized Al nigues 9
KPI- % of aerOS core services 1.7- aerOS com{ 50% aerOS ex- 88% 2er0S exposed
1.7.1 exposed through Open A mon AP posed P
OpenAPI Uls for docu-
KPI- : 1.7- aerOS com . :
1792 _mentlng APIs and genera mon AP 2 OpenAPI Uis 2 OpenAPI Uis
ing code
Create Protocol Buffers
KPI- definition for intraorches-| 1.7- aerOS com{ 3 Protocol buff-
. . 5 Protocol buffers
1.7.3 tration module communi- mon API ers
cation
Reduce time to deploy se
KPI- vice functions by nonech- 1.7- aerOS com 40 seconds 20 seconds
1.7.4 nical team members usin mon API
low code tool integrations
KPI- # of federated domains in LR EI O 7] 15 domains / 8| 47 domains / 17 contir]
: agement frame- .
1.8.1 all aerOS continuums work continuums uums
# of continuum functional ; o .55 man
KPI- ities available and opera- . . : "
: agement frameq 10 functionalitie§ 13 functionalities
1.8.2 tional through the managge
work
ment portal
KPI- Performance of aerOS 1@;%?32?;:2 2500 updates / 3400 updates / secon
1.8.3 Federation Context Broke 29 work second P
KPI- Federation asymptote wit| 1.8- aerOS man
184 minimum latency (do- agement frame{ 4 domains 24 domains
T mains) work
KPI- Average offloading ratio g 1.8- aerOS man
185 entrypoint balancing in agement frame{ 30% offloading 50% offloading
T aerOS scenarios work
1.8- aerOS man
e QoE of management port agement frame{y 68 SUS score 70.8 SUS score
1.8.6 deployed on pilots work
i # prepackaged functions i |
T I;Il supported by Embedded ée%l dzilrgr?alE r::: 3 functions 3 functions
" Analytics Tool (EAT) Yt
Nl jigr?er:tdh?c?ruggmwr:l%%pggseg LSPGO A g wrappers 3 wrappers
1.9.2 tions with EAT bedded analytic
. 1.10- Stake-
AR | RO slisezes ] geneiEies) o holder/user sati§ 80 applicants 72 applicants
1.10.1| 7.1 |Open Calls .
faction/OpenCal
1.10- Stake-
Sl # o SElEEne geglon holder/user satig 5 stakeholders 14 stakeholders
1.10.2 ing aerOS ]
faction/OpenCal
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KPI# K;/I Title Field Target Endline
1 o 0, i
# Energy consumption & | 1.10- Stake- Pl & 54/9 powerre
KPI- — .| 2% energy /e duction
e-waste reduction in aerO holder/user satig . . )
1.10.3 : waste reduction Pilot 5: 15% power re-
adopters faction/OpenCal duction
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4. aerOS pilot KPIs

Section 4 focuses on the Pilot KPIs. A total of 38 KPIs were defined across all five Pilogdmastall of

them successfully reached their target valu&he validation methods and the corresponding outcome
ellaboratiorfor each Pilot are described3®ction2. Also, three more overall KPIs were defined and achieved.
Furthermore, detailed tables presenting each KPI, its description, requirements, measured values, and targe
values, are included iippendixC.

Mot Achieved

Achieved

The aerOS projedtefineda total of 38 KPIs across five pilots. Each pilot focused on various technological and
operational dimensions of the aerOS platform. Pilot 1 ("Smart Manufacturing") had 11 KPIs, of which 8
achieved or exceeded their targets, showing significant gainsmn@e ss aut omati on, gual
transparency, while 3 remained slightly below target. Pilot 2 ("Energy and Edge Continuum") was monitoring

8 KPIs, all of which have achieved or surpassed their targets, confirming sty regarding renewable
energy integration, task distribution efficiency, and edge scalability. Pilot 3 (jpiglormance computing for
connected and cooperative mobile machinery") comprised 3 KPIs, of which two were achieved and one was
partly achieed, showing major improvements in vehicle computing and network capabilities as well as
measurabl e CO reduction through platooning. Pil «
achieved or overachieved, reflecting notable progress ibad& predictive maintenance, operational
reliability, and edge deployment. Pilot 5 ("Enegf§icient, healthsafe, and sustainable smart buildings") had

8 KPIs (100 % achievement in all indicators), confirming the improvements in energy efficiency, ajy, quali

and Al model deployment. Last but not least, three gpdesKPIs (2.6.12.6.3) validated the scalability of the
platform, its readiness for open source, and the -@toswin applicability; all these reached or surpassed their
target. In general, thaerOS KPIs confirm a high level of success across pilots, with about 90 % of all KPIs
fully achieved or exceeded, showing the maturity, performance, and impact of the platform within diverse
industrial domains.

KPI# Title Baseline Target Final measured value
Production process accu- DLETEMeE! @1 [FIEE
KPI-2.1.1 racy P uct GD&T complex{ 10% increase| 9.2% increase (92%)
ity
KPI-2.12 |P'gital service program- 2 weeks 2 days 2.3 days
ming time
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KPI# Title Baseline Target Final measured value
Dimensional quality contrc . pgrts/hour (ae-
KPI-2.1.3 - pending on GD&T| 5 parts/hour | 5.06 parts/hour (101%
productivity .
complexity)

i Accuracy of the CO2oot- 0 83.4%- drone type A
R print prediction (%) S = 90.4%- drone type B
Kpl-2.1.5 | COZfootprint measureme N/A 10%- 100% 100%

(% products)
KPI-2.1.6 (ckcg>)2 emissions reduction 0% <20% 39.42%
KPI-2.1.7 | AGV usage 54% >80% 80%
KPI-2.1.8 | AGV availability 69 % >95% 96 %

0,
KPI-2.1.9 | AGV travel saved/valve 0% <20% 39.42%
(1 Travel per Valve

Definition of the calculatior . > 30%time re- < 1 second
KPI-2.1101 odel LAY iz duction (>99,99% reduction)
Gl s [EMSpEENs) o CorEel N/A < 2 minutes ~0.025 seconds

data (minutes)

Consumed renewable en-
KPI-2.2.1 | ergy based on decision 0 MWh/month | 20 MWh/month| 19391.54 MWh (97%)

making process of aerOS

Effectiveness of task distri 99.5% of tasks
KPI-2.2.2 | bution through aerOS to N/A executed on 100%

nodes schedule

Scalability of task distribu-
KPI-2.2.3 |tion and management N/A LT G- up to 250k jobs/month

cuted/month

through aerOS
KPI-2.2.4 | CPU utilization efficiency 0% 80% Average 84%
Kpl-2.25 | Carbon awareness share ¢ 0% 60% 100%

green energy

Number of edge nodes co|
KPI-2.2.6 |nected in the aerOS contir| 0 2 2

uum

Number of batch processil

i jobs successfully distrib-

KPI-2.2.7 uted and executed by the 0 300k 475.718
system
Gllpgg IEEEENEIE FLIE 0% 85% 8590%
Price prediction algorithm
For perfor-
mance: GPU:
For performance: 12.6 FP16 | For performance: GPU
GPU: 2x128 TFLOPS: CPU; 12.6 FP16 TFLOPS;
Performance and connecti GFLOPS FP 16 | SpgC int 2k6: | CPU: SPEC int 2k6: 23
KPI-2.3.1 | ity capabilities improve- CPU: 26000 22, SPECint | SPEC intrate: 140
ment (single vehicle) DMIPS. rate: 140 Gflops.
For connectivity: N¢ _ Gflops. | For connectivity: 4G /
network available.| FOr connectiv-| 5G network available
ity: 4G/5G net-
work available.
: The baseline framg During the lab and fielq
KPI-2.3.2 ST O VENISIS [Pl rate of 4 frames pe I RESAOCE testing it was proved {(

mance improvement

second (FPS) per

era and 18 km/l

increase the FPS to 6.}
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predictive maintenance of

CHEs

KPI# Title Baseline Target Final measured value
camera represents by ensuring the field of
the current pro- erating speed of
cessing capacity fo 20km/h.
the exemplary task
in the use case.
Thanks to the imple-
mentation of the aerO!
components we could
. . A reduction of | measure the following
KPI-2.3.3 tchggkesr?('fsl'gtnosoﬁgumon S kg, cozhal o g 17,9 kg | results for 40% CO2 rd
P 9 (33,7 | Diesel/ha) CO2/ha duction for diesel and
electric tractors in a
swarm environment.
Q1-Q2 2025 downtime
of 4 Straddle Carriers
Total 2023 403h
downtime of 4 Q3 2025 downtime of
_ o straddle STS: 46 hours
KP1-2.4.1 | Redtiction of CHE idle timf carriers:900h 20-30% | Straddle carriers 21.59
ue to failures .
Total 2023 down- less downtime hours
time of 2 STS 31.3% less down
STS:297.70h time hours
Average 26.4% less
downtime hours
In 2023: 30 un- QLAQE Apzs: ZDLN-
Increase on detection of | planned failures de : BEnTED EUTES CE-
KPI-2.4.2 | equipment malfunctions tected (manual), O B0 T Ty BEETER (TEmeEl), & pie
o . i ' spect to 2023 | dictive (automatic) = 2§
(from manual to automatic| predictive (auto- detect +86% de-
matic) eecedﬁ,_ b de
tections
Q1-Q3 2025:396
damaged containers
reported by terminal
staff + 37 damaged
Increase of number of ac- Sasir?ecrlgrrne?)%er?egol?y containers not reporte
tual damaged containers | = S oS and claimed (not using
KPI-2.4.3 | (manually reported by staf . 30-40% CV models).
VS automatic systeire- SENMEREE CUEIRE, .
) not reported and Oct 1724, 2025: 11
ports) — damaged containers rg
ported by terminal staft
60 damaged container
reported by CV. In-
crease: 445%
Performance evaluation
KPI-2.4.4 | metrics of regression Al N/A 0.8 83.3% (110%)
models (R2)
Performance evaluation
metrics of regression Al
KPI-2.4.5 | models (MAE/RMSE) for N/A 20% F1-score: 98.0%
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KPI# Title Baseline Target Final measured value
Performance evaluation
KPI-2.4.6 metrics of classification Al N/A 60% MAP50: 75%
models (accuracy) for dan
aged containers
Performance evaluation
KP|-2.4.7 metrics of classification Al N/A 60% MAP50: 86%
models (F1) for damaged
seals
Kpl-2.4.g | Number of models executg N/A 5 10 (200%)
on edge nodes
Baseline measure
ments vary per
?om_, but some i 540, 1o quction
icative consump- of the dail
KPI-2.5.1 | Energy use reduction tions to be reportec . y 100%
: baseline con-
without the aerOS :
L sumption.
optimisation range
from 40Kwh-
150Kwh.
The
measurement o
the Edge
processing
performance
gainsis a
composite KPI
that can be
approximated
by collecting the
ngs\’/vmg sub 100%
o - Latency of communical
imTIheempe"r(ljtteldS on :1;/5;(; It(:,ItEZE Aot SeisEEn s o
pemn ge bt aerOS nodes (ms): Av
premises and | Communication ]
: erage: 0.919 ms
dedicated networks Latency < 100 Memory utilization
KPI-2.5.2 Edge processing perfor- | already and typical ms for the when deploying loT

mance gains

values monitored
include:

Latency: 23 ms
Memory: 1.5 Gbps

aerOS nodes
deployed locally
(in the edge),
measured
through ping
tools.

2. Demonstrate
the gains of Ku-
beEdge vs. K8
deployments
utilising light
devices at the
far edge gaining
20 % less
memory re-
sources con-

sumption

Application in a Ku-
beEdge node: 730
Mbytes
Time to recover 0T ap
plication when master
node is down
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12001500 ppm are

measured.

KPI# Title Baseline Target Final measured value
comparing the
cluster reported
average meas-
urement values,
3. Demonstrate
the gains of
Kube Edge for
service resili-
ence, measurin|
the service re-
covery time un-
der various dis-
ruptive condi-
tions showcas-
ing 90% in-
crease in recov-
ery time (Kube
edge vs. K8)
5G capabilities to execute 100%
KPI-2.5.3 | security and privacy func- 0 2 2 5G VNFs deployed
tions over aerOS
100%
99,9999% in the servic
99.99% in the window a period of one
: —— . . . month for at least one
KPI-2.5.4 | Service availability Manual operation | service Wlndow pilot node
o SFETEEnS Uptime: 25 days in the
service window of 1
month
KPl-25.5 | Service creation / scalabil Mannual <10minend | 100% _
ity to-end Time-to-deploy: 34 sec
Exhibit the operation o
Services directly managed ples Services in g
KPI-2.5.6 0 3 aerOScapable infra-
by the aerOS orchestrator
structure K8s/Ku-
beEdge) (100%)
A typical ac-
ceptable target
is set to be 400
600 ppm per
room for the e
demo, average For all rooms of the
Relative value per| 20% improve- | pilot, max CO2 is less
room. Spike valueg ment. Especially than 1000 ppm at all
KPI-2.5.7 | Improvement of air quality| in the range of | for the rooms ol times.

the pilot, and
the specific
demo situation,
the target is se|
to me to reduce
the max CO2
lower than 100(

ppm in all cases

Significant improve-
ment in air quality with
the deployment of the
pilot.
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KPI# Title Baseline Target Final measured value
Number of Al models
KPI-2.5.8 used/adapted for the pilot No Al used 6 models 7 (110%)
Validation of aerOS in dif-
ferent use cases

Enable fastrack develop-
ment of new use cases
through external partners
KPI-2.6.2 | (e.g., open call third partie 0 14 15
based on aer
Source Software compo-
nents and tools from O1
Identification of new appli-
KPI-2.6.3 | cation domains to deploy N/A 3 10
aerOS architecture

KPI-2.6.1 0 >5 5

Pilot 1 has demonstrated how the aerOS MetaOS turns four very different manufacturing scenarios into a single,
datadriven continuumlinking machines, people, and sites through common orchestratiotiymeadata, and

built-in trust.Insubpi | ot 1. 1, aer OS enabled full co transpa
drone line: footprint prediction exceeded targets for the 2 main product types, coverage reached 100% of
products, model setup time fell from 120 min to under a seeondacces®t CO / PCF dat a beca
reattime. Subpilot 1.2 shifted metrology from manual, -Gite workflows to remote, autonomous operation at

the edge; selfecovery kept probe/scan pipelines aligned (driving a 9.2% accuracy gain), setup time dropped
from ~10 days to just over two, and throughput sugzhssparts/houMoving on, to sukpilot 1.3 showed how
reusable Askillsd deployed via aer OS raise intral
rose to 84%, as vehicles took on newksaéncluding repositioning robatrm workstations) without major
hardware changeEinnaly, subpilot 1.4 extended optimization across sites: smarter order grouping and route
planning cut AGV trips by ~39% and reduced CO e mi

Pilot 2 defined a total of 8 KPIs to assess the impact of the aerOSMeta shifting computation of workloads

into edge nodes and optimizing the use of renewable (photovoltaic) energy source, in changiegeymgen
availability conditions. By the finaevaluation period (M3®138), seven out of eight KPIs had been achieved.

KPI 2.2.1 which measured total amount of renewable energy consumed on monthly basis reached
19391.54MWh (30 days) and it is 97% of the target value. KPI 2.2.2 showing the shahedfled tasks
completed on time achieved 100%. KPI 2.2.3 focused on scalability of task distribution and management
through aerOS reachegh to250k jobs per month. KPI 2.2.4 measuring average CPU consumption by worker
nodes reached 84% and we saw the strong correlation between KPI 2.2.1 andigi2e4 CPU usage caused

higher power consumption. KPI 2.2.5 which measured green energy shatesfargs exceeded with 100% of

energy used was coming from green energy sources. KPI 2.2.6 measuring numberredded connected in

the aer OS continuum was achieved with 2 pilotébs e
focused on number of batch jobs scheduled, orchestrated and executed by aerOS continuum was achieved witt
the count 475 718 a¥ 202510-14. KPI 2.2.8 measuring precision of Future Energy Price Prediction algorithm

was reached with overall accuracy of algorithm88%.The most of out KPIs focus on data processing energy
consumption and its efficiency. What is important to $&¢ pilot consumes less energy when there is low
processing demand (k8s autoscaling mechanism is shutting down compute nodes). However, the high values of
KPlIs 2.2.1 & 2.2.4 forced us to maximise CPU and energy consumption via the very high processit dema

for one of our scenarios.

Pilot 3 focused on AHigh performance computing pl
and tracke® KPIs (KPI 2.3.1 to KPI 2.3.3). All three KPIs achieved or exceeded their target values by the final
measurement period M38. The primary objectives of these KPIs were Performance and Connectivity
Enhancement, Adlriven Efficiency, and Sustainability thrdug C O Reducti on. More sp
demonstrated that the integration of the aerOS platform enabled the achievement of therngrgtitional
performance (GPU: 12.6 FP16 TFLOPS and CPU: SPEC int rate 140 Gflops) while establishing reliable 4G/5G
connectivity in rural environments. KPI 2.3.2 validated swwel performance improvements through Al
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supported applications, with the frame rate increasing from 4 FPS to 6.25 FPS per camera and the field operation
speed reaching 20 km/h, surpassing the 20% improvement target. Finally, KP1 2.3.3 confirmed a 40% reduction
in CO e mi s s i o ntien ot plataamikgsandtcaordinated operationp among electric tractors. The
evaluation period covered laboratory and field testing phases between M24 and M38, confirming that aerOS
significantly improved computing performance, connectivity reliability, @mdronmental sustainability within
agricultural and construction machinery operations.

Pilot 4 focused on " Smart edge services for the port continuum " where 8 KPIs (KPI 2.4.1 to KPI 2.4.8) were
identified at the first half of the project. From all of them, whe@#&#®Is have achieved their target values.

The primary objectives of these KPIs were Operational efficiency and personnel safety. More specifically, the
reduction ofCHE idle time due to failures by 26% (KP1 2.4.1) as well as the increase on detectioipofergu
malfunctions (from manual to automatic) by 86% (KPI 2.4.2) ts=namn how the predictive maintenance on

the edge provides a relevant benefit to EUROGATE operational efficififtg was endorsed with the
achievement of KPI 2.4.4 and KPI 2.4.5 related to the performance evaluation of the specific Al models in terms
of precision (83.3%) and F1 (98%). On the other hand, despite the fulfiiment of KPI 2.4.6 and KPI 2.4.7 proved
from a performance evaluation that the developed Al models regarding the accuracy of detected damaged
containers (with an mAP50 of 75%), and detected wrongly sealed containers (with an mAP50 of 86%),
respectively, the final outcome in terms of business bemelited to the increase of number of actual damaged
containers manually reported by staff vs automatic sysegrorts (KPI 2.4.3) Finally, last Pilot 4 KPI 4.2.8

has proved the frugality andjhtweightservices envisioned in aerOS can be achieved, d8ghbat are being

used in Port Continuum pilot have low processing capabilities, but are able to suppdi® Uy toodels being
executed on them. The validation activities about how these KPIs were achieved are provided in various
subsections of D8.and in the annex of this report.

Pilot 5 focused on "Energy efficient, health safe and sustainable smart buildings" and it tracked 8 KPIs (KPI
2.5.1 to KPI 2.5.8). All 8 KPIs achieved their target values, 4 of them completed by the final measurement
period M38 and the rest had been algeadmpleted by M24The primary objectives of these KPIs were
Sustainability and Health, Edge Computing and Performance, and Service Reliability and Scalability. More
specifically, the reduction of energy use by 20% through frugal Al (KPI 2.5.1) improgésirsability and
achieves a significant improvement of air qualitgax CO2 less than 1000 pp(KPI 2.5.7) for health safety.

This health and energy optimization was supported by the development of 7 Al models (KPI 2.5.8) for
forecasting and predictiorEdge Computing and Performance can be addressed through Edge processing
performance gains (KPI 2.5.2). Additionally, it validated the use of 5G capabilities by deploying 3 VNFs
(Virtual Network Functions) (KPI 2.5.3) over aerOS for security and privaggtions. Last but not least, is
Service Reliability and Scalability. Ensuring high service availability (KPI 2.5.4), rapid service
creation/scalability (KPI 2.5.5), and confirming the management of at least 3 services/workloads (KPI 2.5.6)
directly by theaerOS orchestrator. The validation activities about how these KPIs were achieved are provided
in various subsections of the D5.6, such aBBP%VA28 Edge Processing Performance GainsBP3-VA29

Service Availability, and PBP2-VA1 5G E2E deployment valation as well as in .

5. aerOS impact KPIs

In this section, the impact KPIs are presented along with their final values in the context of communication,
dissemination, standardization, and exploitation and business models. Further details regarding the validation
of these KPlIs are provided in D6.3.

Field KPI id

# of Website unique

KPI1.3.1.1 . .
visitors / page views

4000/10000 5,115/20,505 7.147/20.706
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3.1
Communicati
on

3.2
Dissemination

3.3
Standardisati
on

KPI1.3.1.2

KPI1.3.1.3

KP1.3.1.4

KPI1.3.1.5

KPI1.3.1.6

KPI.3.2.1

KPI.3.2.2

KPI.3.2.3

KP1.3.2.4

KPIL.3.2.5

KPI1.3.3.1

KPI.3.3.2

KPI1.3.3.3

# of aerOS posts in

social networks/ #of 1000/12

newsletters issued
# of aerOS sociainedia

community members 1000

across atkites

# of videos delivered
about aerOS technical

and global advances / 20/6

webinarsworkshops
organised

# of

interviews/articles/pres:
releases with external 30
relevant dissemination

targets

# of liaison with other

projects of the cluster 35 actions

including CSA events

# of scientific papers
published in
conferences / QD2
journals

# of activities towards
Education institutions
(courses, lectures,
PhDs)

# of presentations and
other activities in
events/conferences/fait
by aerOS partners

15

35

# of workshops
organised / average
participants in each
workshop

# of PhD and MSc
theses started about 6
aerOS

Contributions to

standardisation bodies 12

Exploitation to entry
points into 25
standardisation bodies

aerOS contributions to
European pre 3
normatives

39

20/8

3/60

736/7

1.018

11/15

19

40

5/11

39

10/20

10

18

15

149711 (& 1
under
editing)

2096

48/35

30

>60

23/24

18

77

18/30

11

12

25
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KPIL.3.3.4

KPI1.3.3.5

KPI3.4.1

KP1.3.4.2

KPI3.4.3

3.4

Exploitation KPI13.4.4
E R VS IESS

models

KP 3.4.5

KPI13.4.6

KPI 3.4.7

aerOS contributions to
datarelated clusters an
initiatives

# of contributions to

relevant data spaces
(GAIA-X, IDSA)

Contribution to OSS
projects

Business plans for
exploitable assets,
stakeholders and key
alliances identified and
contacted

New business lines on
aerOS by partners

# of startups adopting
aerOS results as
technological baseline
for business

# of techtransfer
contracts signed based
on aerOS (from
Universities/RTOSs)

Private investments in
aerOS and related opel
technologies

Market share in edge
cloud-computing of
Europe vs world

40

10

10

12

100%

10M

32,00%

11

10

10

15

100%

11

O)In
progress

(O)In
progress

~24%
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6. Requirements coverage assessment

During the first part of the project, in the context of WP2, an exercise was done to define the requirements of
the project. These requirements were collected, firseliverable D2.2and, later, the final list was released
within deliverable D2.3submitted back in February 2024.

As part of the duties of WP5 in the last part of the project (task T5.3), the team of aerOS has performed an
assessment of the coverage of those requirements once the solution has been finalized and tested in all 5 pilot
of the project.

This section includes a short summary reflecting on the results of this analysis, wAp@edndix D the
complete list of requirements can be found. There, a full relation of technical ancefaited requirements is
provided, as per how they were expressed in D2.3 (and D2.2, before that) but adding two more columns:
AAccompl i s hargfiE v ida e¢ythi® maedial has been provided in order to allow the reader to
check that the coverage is well reported and referenced in technical aelgitel deliverables. Therefore, an

effort of reflection has been performed, and is analysed below.

6.1. Analysis of technical requirements

A number of102 technical requirementswere recorded following the methodology described in deliverable
D2.2 (M97 May 2023). After a refined revision of the 66 initial requirements in content and scope, 36 new
requirements were identified and described in the perioeVi18 (up to Februarp024). Since those were
categorized and described following a clear methodology, find below a very shot summary and numbers related
to those:

Requirement type Quantity ‘

Data 24

Infrastructure 16

A 7 Requirement classification )(/Quantit
Security 11 Functional 26
MetaOS 11 Non-functional 72
Application 3 Constraints for design 4
Development 6

Services 3

Network 6

Requirement priority  Quantity

Must 71
Should 32
Could 2

In the previous tables, some statistics are shown regarding the recorded requirements; peesahtedthe
area theyrefer to, their type and priority . Please, note that the previous is only asetiof the categorization
existing (e.g., also per role, per domainé).- As i1
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Functional ones, prioritized as Musave and mostly referring to Data, Infrastructure, Al, Security and-Meta
OS areas of the aerOS project.

Bearing that in mind, below there is preserdadinalysis of how those have been covered at the end of the
project (M38 i _October 2025) In particular, the same differentiation (area, type and priority) has been
conducted:

Overall Requirements Coverage

84.3%

—No

13.7%

Partially

As it can be seen, the aerOS technical alignment and accuracy with requirements has been superb. Out of a tote
of 102 requirements, 86 &&,3%) were directly covered with the developmentssagourteen of them (13,7%
%) were partially covered and only two (2 out of 102, a ~2%) were not covered.

This means théi8% of aerOS technical requirementwere either directly or indirectly (or partially) covered,
making the final reflection concluding as a success.

The ones thatailed to pasare TR25 and TR102. TR-25: Resource availabilityvas a MUST requirement
revolving around eliminating the possibility of resources starvation in the contirinee aerOS has not
focused on resources provisioning (e.g., OpensSta
orchestration, this requirement was not aligned with aerOS-M8tahereforeshould not be considered for

a real analysis of coverageOn another notelR-102- Communication of distributed servicesrial time

which was a SHOULD requirement, was disregarded in WP3, since there has not been the need (and was not
the focus) to measure and guarantee certain jitter and latency thresholds met.

100+ Coverage by Priority (MUST / SHOULD / COULD / WOULD)

Coverage
Yes
Partially

91.2%

80+
71.9%

60

50.0%50.0%

Percentage (%)

40+

25.0%

201

7.4%

C M S
Priority

With regards to those covered patrtially it is relevant first to analyse that, according to the figure above, those
are distributed oddly per priority type of requirement. As it can be seen, the technical requirements tagged as
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AMUSTO were tackled to maximize coverage and accu
were partially covered, in contrast to the other 63, that were directly covered. However, the percentage of
alignment in SHOULD requirements is more r@ldxThere, a 25% was partially covered (8 out of 32 SHOULD
requirements) whereas 75% of them (still an amazing val@d) requirementswere satisfied so far. With
regards to COULD requirements, these were only 2, with one fully covered and one partiaitisd.

Looking globally to those requirements only partially covered-9TRR-26, TR39, TR40, TR50, TR53,
TR-59, TR61, TR66, TR68, TR81, TR85, TR86, TR101), they were scattered in a reasonably uniformly
way across the Technical Areas of aerOS, aaritte observed in the next bar chart:

Loo+ Coverage per Area (Refers To)

Coverage
Yes
Partially

80
60

40

Percentage (%)

20

> 5 o v & <« o + 5
P S E S s E ¢
< Q K ¥ S o
\'ad O X ) N ~’<5’ &
S § ~ & A & 2 9
vRY © &
ks & &

Those partiallycovered related té\l revolved around Al jobs concept that had no representation in a real
integration structure, therefore its full potential remained at low automation range. Also, task description for Al
did not require the incorporation of additional parameters in sgfil@8CA) or data description. With regards

to data, the privacy labelling was not prioritised since alternative mechanisms were already in place in the Meta
OS. Touching uponetwork, three requirements were only paitiadddressed since aerOS focused mainly on
workload orchestration rather than complete network slicing or programmability and since latency was not a
design priority, thus performance was not key for optimization. Seewisy, coding environment was
prepared but not automated in Meta OS auxilisgyvicesdevelopment pipeline (not necessary but possible in

the future). Finally, service availability metrics were addressed as a secondary priority, same as resource
availability in K8sonly (selfscaling) scearios.

100 Coverage per Requirement Type (F / NF / Constrain)

Coverage
Yes
Partially

80

60

Percentage (%)

40

20

Type
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Finally, regarding the requirement type division, those that were considered Constraints (2) were 100% covered,
whereas both Functional and NBaonctional requirements showed more than 80% of coverage, with slightly
more fApartial 06 c awNeaFangtienali n t hose tagged
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6.2. Analysis of user and system requirements (piletelated)

Same as for technical requirements, user and system requirements (those related to pilots) were initially
identified in M9 (May 2023) and revised and enhanced on M18 (February 20&%al of 74 requirements

were defined, appointed to the 5 pilots of the pr
subject matter, the neflunctional requirements refer to the behavioural properties that the specified functions
must have, such as performangsability, etc. Both functional and ndanctional aerOS requirements listed

below are result of intensive communication among stakeholders, as their analysis was performed for all pilots
separately.

Some useful numbers and categorization emanated from such an effort.

Requirement classification Quantit Requirement type Quantit
y y

Functional 50 System 48
Non-functional 24 User 26

Requirement priority ~ Quantity

Would 4
Must 50
Should 13
Could 6

By this deliverable (D5.6, in M38), a parallel analysis has been performed (also for all pilots separately). The
complete relation of user and system requirements (per pilot) and a brief explanation of how those have been
covered is available iAppendixD.

Such analysis has derived into the following results and conclusions:

6.2.1. Pilot 1 - Data-Driven cognitive production lines

Pilot 1 revolves around manufacturing and is composed of four different scenarios. The analysis of the activities
done in the last two months of the project can be found in Section 2, while the completion and achievement of
KPIs is summarised in Sectiorafid extensively discussed in Appendix H.

The two figures below represent how the requirements identified more than 20 months ago (and even before)
have been covered in the pilot (please, bear in mind that the previous encompasses the whole pilot). First, the
coverage of the total of 17 requirent®is indicated in a pie chart divided in YES, NO or Partially. Second, a
reflection on those that have been (either totally
is provided with a bar chart.
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Requirement Coverage Distribution

100 Requirement Coverage by Priority
Coverage
Yes Yes

Partially

80 76.9% 75.0%

76.5%

60

Percentage (%)

‘NO

17.6% 25.0%

401

20 15.4%

Partially

Priority

As it can be seen, the percentages are very favorable: 76,5% of the requirements (13 out of 17) were directly
positively covered, related mostly to edgecloud data sharing, secure communication, data interoperability,
support of various type of devicéstegration with existing systems including TSN networking andemand
re-scheduling of workloads. 17,6% of the requirements (3 out of 17) were reported as partially achieved. These
requirements (HP1-11, 12 and 13) are transversal to the 4 scenandgoaus on the automatic selection of Al
models and the establishment of specific Human Machine Interfaces for them. Since not all scenarios in P1 have
needed to deliver such elements to achieve their goals, those are indicated as partial. In padtidular,
(MADE/POLIMI) has successfully demonstrated their completion.

On the negative note, one MUST requirement Wag achieved (RP1-15). However, analysing the content

of it, pilot 1.3 team (SIEMENS) specifically recognized that this action track has not had a direct relation with
the goals of the pilot. As a matter of fact, object recognition has simply not beeninetedxperiment but

could easily be understood as a byproduct for potential validation. The scenario has focusetihos cgtical
services and critical task-szheduling and rallocation, using Beaviour Trees and integration with legacy
systems and innovative (own) edge solutions such as SIEMENS Industrial Edge. Thérefozéection is

very positive.

To sum up in light of prioritisation, 92,3% of the MUST requirements (16 out of 17) were either directly or
partially achieved, where all (100%) of SHOULD requirements have been successfully checked.

6.2.2. Pilot 2 - Containerised edge computing near renewable energy
sources

Pilot 2 focuses on the delivery, test and integration of containerised edge data centers as part of renewable
energypowered continuum. Same as for the other pilots, the analysis of the activities done in the last two months
of the project can be found 8ection 2, while the completion and achievement of KPIs is summarised in Section

4 and extensively discussed in Appendix H.

The two figures below represent, same as in the other pilots, how the 11 requirements of pilot 2 have been
covered, either by final result (YES, NO or Partially) and those achieved per Priority.
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% of Requirements by Coverage Degree

Partially
% %ﬁccomplished Requirements by Priority (Yes or Partially)
80
g
T 60t
£
=
)
=
£ 40
[}
o
<T
20t
Yes 0 C M S
Priority

Figure 8. Pilot 2 requirement analysis: per achievement coverage and per priority

As it can be observed, all requirements of pilot 2 (regardless of their priority rate) have been successfully
accomplished. 63,6% of them (7 out of 11) were directly covered by the developments and experimentation
executed in aerOS.

Only 4 (out of 11), meaning 36,4%, have been considered partially FR&1Rnd RP22 were identified and
described so that aerOS should react to changing circumstances and adapt heavy workloads and applications
redirecting to queues and the type ofrgy available. In these regards, the users of aerOS can delete tasks, and
different resources of modepoolare automatically selectable and shifted. However, large applications are not
prioritised and the amount of energy available sources have pretveatedm to mark them as fully achieved.
Notwithstanding, the validation is better than expected, as it can be seen in Section 4. On another note, definition
of tenant separation (the other two partially covered requirements) is possible but not aallgnmaticporated

in a flow.

6.2.3. Pilot 3 - High Performance Computing Platform for Connected
and Cooperative Mobile Machinery to improve CO2 footprint

Pilot 3 focuses on agricultural machinery operations, in particular istine@lcommunication in rural areas
between electric and fublsed tractors that equip distributed computing elements; those act as a swarm that,
thanks to aerOS technologies, openAl operations and certain agricultural activities. Same as for the other
pilots, the analysis of the activities done in the last two months of the project can be found in Section 2, while
the completion and achievement of KPls is summarised in Sektiad extensively discussed in Appendix H.

The two figures below represent, same as in the other pilots, how the 5 requirements of pilot 3 have been
covered, either by final result (YES, NO or Partially) and those achieved per Priority.
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% of Requirements by Coverage Degree (P3) % of 1.t‘[\}%v:omplished Requirements by Priority (Yes or Partially) - P3

Partially

80

60

40

Accomplishment (%)

20

Priority

Figure 9. Pilot 3 requirement analysis: per achievement coverage and per priority

As observed in the figures, all MUST and SHOULD requirements of pilwvebeen either completely or
partially covered. 80% of them (4 out of 5) can be considered directly achieved.

RP32 ( SHOULD priority) defined the requisite of i
defining (should, if possible) a specific tolerable latency in the communication among tractors and with edge
nodes. Since the latency is not monitoratively (not a goal of the pilpbutgiven that the integration has been

fully achieved (check Section 2.2.3), this veamsideredartial.

6.2.4. Pilot 4 - Smart edge services for the Port Continuum

Pilot 4 focuses on applying innovative CleEdgeloT technologies over a continuum in a Smart Port in
Limassol, Cyprus. In particular, cranes information is gathered from PLCs and a distributed computing approach
is adopted to apply novel Al models to eldtdefects in containers, and other operational purposes in the port
terminal. Same as for the other pilots, the analysis of the activities done in the last two months of the project
can be found in Section 2, while the completion and achievement ofi&Blsnmarised in Section 4 and
extensively discussed in Appendix H.

The two figures below represent, same as in the other pilots, how the 20 requirements of pilot 4 have been
covered, either by final result (YES, NO or Partially) and those achieved per Priority.

% of Requirements by Coverage Degree (P4) % of iAo%complished Requirements by Priority (Yes or Partially) - P4

Partially

Accomplishment (%)

M
Priority

Figure 10. Pilot 4 requirement analysis: per achievement coverage and per priority
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Observably above, all MUST requirements of Pilot 4 have been achieve, either completely or partially. This
fact, despite some of the numbers above, speaks w
According to the KPIs in Section 4, Rilb has accomplished its goals and surpassed the target values.

Regarding requirements, it is clear that a reflection should be done about the 30% (6 out of 20) that were not
met. Actually, the reality is more complex thanarachievement explanatiorour of those requirements R

P46 to 10 were referencing works related to applying Al models over Engines of the motor of certain cranes.
This departed from the assumption that the STS cranes in the termindlg$eel) were an essential element

of the pilot. However, the evolution of the pilot (as it can be checke5r8, D5.4 and Section 4 of this
deliverable D5.6) required the team to focus in other Al models that were necessary to complete the goals:
Hydraulic system of straddle carriers, Container plate identification, Detection of damaged containers at the
edge vith Computer Vision models and the application of Federated Learning in the pilot. Therefore, it can be
concluded that, since those requirements were either COULD or SHOULD, and that ALL MUST requirements
were met,it is not considered a shortcominbastl, requirement P42 suggested the integration of the
Terminal Operating System (TOS) into aerOS, which was not necessary since the information contained there
was not relevant for the pilot purposes, having been substituted Hymeahonitoring (10T m the port).

On another note, 20% of the requirements (4 out of 20) were only partially accomplished, particBi&d§ R

and 12, which expected the usage of straddle carriers telemetry to estimate and forecast genset vibrations
(COULD) and inclination issues (SHOULDAs the parentheses illustrate, it was not essential to tackle such
developments, but in any case those are well compensated by the fact of utilising (thus, validating) telemetry
from straddle carriers to predict an overtemperature of the engine ofvingens in such type of container
handler equipment.

6.2.5. Pilot 5- Energy Efficient, Health Safe & Sustainable Smart
Buildings

Pilot 5 has deployed I0T scenarios in an innovative Smart Building testbed in the premises of OTE in Greece.
There, several Al models for sit recommendation and energy efficiency have been collated to optimize health
and safety in working environments. A/mm i ad (and a quantity) of sensor s
Fabric, and services have been orchestrated through aerOS Meta OS to achieve the goals of this pilot. Same a
for the other pilots, the analysis of the activities done in the last twehsion the project can be found in
Section 2, while the completion and achievement of KPIs is summarised in Section 4 and extensively discussed
in Appendix H.

The two figures below represent, same as in the other pilots, how the 21 requirements of pilot 5 have been
covered, either by final result (YES, NO or Partially) and those achieved per Priority.

% of Requirements by Coverage Degree (P5) % of iﬂé%c_omplished Requirements by Priority (Yes or Partially) - P5

Partially

No
80|

23.8%

60

40

Accomplishment (%)

71.4%
20+

Yes

C M )
Priority
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A total of 71,4% (15 out of 21) of Pilot 586s requi
involved in the use case. Also, analysing by priority, all COULD and SHOULD requirements were either totally
or partially achieved.

With respect to MUST requirements, only 1 failed to be achieved. Such requiremeiOthabvered, the

analysis is cleathere is absolutely acceptable to consider Pilot 5 a total sudtdsdhe case dR-P5-1 (Cloud

storage and Federated Learnind)L has finally not been used in this pilot, since the priority has been given to

the crucial operational tasks that should lead to the successful execution of the scenarios. In this sense, Al
models have been developed for the currently available bgilBInis demonstrated in pilot 4, therefore the
compatibility of these methods and technologies is guaranteed in aerOS.

Therefore, 20 out of 21 requirements were either completely or highly partially achieved. Those that are not
totally covered (5 out of 21, 2 of priority MUST and 3 of priority SHOULD) revolve aroundessantial

activities of a very successful trial in r@sS. In particular P55 investigated the automation of loT
configuration matters, which is partially covered by-baélingandselo r chest rati on capab]
Infrastructure Elements. On another sidd?'R12 and 13 are not considered fulgh&eved since the acceptance
criteria established checks that have finally not been included in the demonstrator, such as detection of false
positives or network overhead connected to QoE surveillance. Since those were not fundamental activities, and
the plot has concluded satisfactorily, there is not an issue with this action.

All in all, Pilot 5 has redounded in an excellent complete pilot, with exceeding KPIs, necessary coverage of
requirement and outstanding level of learning and scientific and impact production.

7. Final KeVI analysis

In Deliverable 5.50ur method of KVI analysis was structured in four general steps. We first determined the
Key Values (KVs)of social significance, provided from the UN Sustainable Development GoalEhese

values, for instance, sustainability (economic, environmental and social), digital inclusion, personal health etc.,
were then linked to Key Value Indicators (KeVIs). KeVls capture their measurable societal impact. Moving on,
Key value enablers wereviewed to determine the drivers that influence the adoption and fibalaitthe use

cases. Finally, related Key Performance Indicators (KPIs) were related to Kéid€onnection ensures that
technical performance metrics could be aligned with broader societal §balprocess provided a systematic

way to connect technological development with vdhmised outcomes.

Enabling effect = Positive impact — Adverse impact Scale of effect Technicalimpact
= N )
citive impac ' Step 1: o Step 2: Step 3:
POS|tIV€ lmpdd | Identify key value 8’ Identify KVI Enablers of usage
o
o=
o
Applying — LEACUE Al KVI = KV enablers
use case X
— § Step 4:
Ad R ‘ClCt 0 e Quantification
‘Adverse im
2 z Related KPIs
K Rebound effect, alternative value / \ / \ %

In the current deliverable, the methodology has been formulated and expanded following the recently
established KVI framework presented in the paper titled "Key value indicators: A framework fordidhess
nextgeneration ICT solutions.While the initial approach in D5.5, had already combined societal Key Values
(KVs) with Key Value Indicators (KeVIs), enablers, and KPIs, the expanded methodology adds conceptual
clarity by distinguishing values as criterion and goal and values outcathim@orporating the technical and
system enablers.
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KeV as criterion and goalstablishethe overall objectives of each use case, identifying what societal priorities

are met and what Sustainable Development Goals (SDGs) are targeted. KeV as outcome determines the
measurable outcomes expected after applying the use case, detailing inakebdlsers and affected areas,

e.g. processes, service etc. The Use Case KVIs then define the indicators that measure the impact that can b
economic, social, environmental etc. Indicators can be approached by guantitative measures like reduction of
emissons or qualitative way such as user satisfaction. Following is the connection of these effects to technical
performance measures, the KPIs. As KPls, we define the operational metrics utilized in measuring the KVIs,
while the Target Values define the dedigoals or standards for success attainment.

To conclude this valubased analysis, the framework also incorporates enablers. Technical Enablers specify
the technologies to enable the use case, i.e., analytics software, Al models, or 5G networks etc. and their
corresponding Enabler KVIs specify thenefits and potential risks involved in deploying these technologies.
Their potential benefits or risks include improvements in efficiency and accuracy as well s the challenges such
as interoperability or security risks. At a more general level, Systetldtaaharacterize the infrastructural

and organizational aspects, such as data fabrics or edge services, which combine technical components into ¢
working ecosystem. Their Enabler KVIs prioritize the systemic advantages these enablers contribute, for
exanple reducing power usage or improving resilience, and lists possible drawbacks, such as higher complexity
or higher investment. All these fields indicate an entire sequence from abstract societal values to technical
implementation, making the analysis seucases both vakariven and operationally grounded.

7.1.1. Pilot 1 Data driven cognitiveproduction lines
Use case: DatéDriven Cognitive Production Lines

Pilot 1 demonstrates how aerOS can transform industrial operations into more sustainable, flexible, and
intelligent systems. Across four complementary use cases, the pilot addresses challenges ranging from energy
efficiency and CO advarmadmptmology, tagilarpooductiororeconfiggratibpng and €cross
factory logistics. By embedding intelligence at the edge, orchestrating resources seamlessly, and enabling real
time monitoring and control, the pilot shows how manufacturers can achievenvattnmental and economic
sustainability while moving toward zedgfect production.

The subpilots highlight this vision in practice: optimizing energy consumption on a drone production line in
Switzerland; connecting metrology machines into a
reconfiguration of production with AGVand robotic arms in Germany; and coordinating AGV swarms across

two connected factories in Italy. Together, these scenarios showcase how aerOS provides the foundation for
resilient, datadr i v e n, and sustainabl e ma n uf a oot inmovatiog,, al
competitiveness, and responsible resource use.

Sub-Pilot 1.1

SubPilot1. 1 AGreen ManuEaetrgy)né& CDhDer oNéprint Monito
Smart Factory (Switzerland Innovation Park Biel/Bienne). It focuses on improving the energy efficiency and
sustainability of a drone production line. Theeucase monitors the carbon footprint of manufacturing by
tracking machine energy consumption in real time. Using a network of 10T sensors and actuators, the production
line optimizes utility usage. The objective is to minimize wasteful energy use whittamang production
performance. By deploying the aerOS platform in this smart factory environmenpil8ub1l aims to
demonstrate how edge orchestration and analytics can autonomously adjust industrial operations to be more
frugal and sustainable.

On theenvironmentalside t he pil ot targets the decrease of <ca
and broad product coverage. This is reflected in K
per product. The corresponding KPIs, such as achieving 8@% ur acy i n CO priedi ct

100% of products, provide measurable milestones. FeiP8abl.1, this means embedding aerOS components
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to enable realime monitoring and predictive analytics, supporting manufacturers and customers in lowering
productionrelated emissions.

KeV as KeV as Use case KPIs Target | Achieved
criterion and outcome KVIs Value
goal
Environmental | KeV1: KVI1: [KPI2.1.4: >80% YES
sustainability Decrease of the | Accurate |Accuracy of
(Addressing cgrbon f.ootprint C024-fc.ootprint C02ffqotprint
SDGH13: via precise prediction prediction
Climate Action) | c2lcvation and - gy, o
broad coverage f .
ootprint
of products
measurement
Stakeholder: for
Industrial individualized |KPI 2.1.5: 10— YES
Manufacturer, produced CO2-footprint | 100%
Customers products imeasurement
Effect on:
Production
Processes,
Environment
Economical KeV1: Efficient | KVI1: [KPT 2.1.10: >30%- YES
sustainability definition of Improved [Definition of | time
and innovation | calculation efficiency in  [the calculation | reduction
(Addressing models. calculation imodel (min)
SDG#9: KeV2: model
definition.
Industry, Transparent
innovation and CO2/PCF data KVI2: Fast K_PI 2'1'1!: < 2 YES
infrastructure, access. access to ;Ejuiecgzcslulred minutes
SDG#12: CO2/PCF
Responsible gta;z?;ider. data. (CO-/PCT data
consumption Tp - (transparency)
d production) echnical
andp Teams
Effect on:
Modeling, Data
access Times,
Productivity

Economically, SubPilot 1.1 addresses efficient calculation models and transparent data access (KeV1 and
KeV2). The use of improved models and faster data retrieval ensures operators and technical teams can work
withuptoodat e CO / Product Ca minimizing Betagstam enhan¢ing prédacivity. KiPls t a
such as reducing calculation time by over 30% and
innovation translates into realorld time and cost savings. These improvements grecesly relevant in
manufacturing settings where delays or inaccuracies can ripple across entire supply chains.

To achieve these goals, technical and system enablers play a crucial role. Flexible analytics tools ¢like Node
RED, lightweight Al, and redime dashboards) contribute to higher prediction accuracy, better product
coverage, and faster access to key mgttiough they also introduce challenges around data sharing and cloud
dependencies. Additionally, edge intelligent services provided through aerOS, such as EAT and Data Fabric,
reduce cloud traffic, lower emissions, and enhance resilience to network, isguiée requiring careful
supervision to prevent data duplication and manage the complexity of multiple edge nodes. Together, these
enablers ensure that SRiot 1.1 not only delivers on its sustainability promises but does so in a technically
robust andceconomically scalable way.
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aerOS

Technical KeV as criterion and goal Enabler(s) KVI
Enabler(s)
Flexible analytics Environmental sustainability Higher accuracy and better product
e.g.i Eal—tta’!mf (Addressing SDG#13: Climate Action) coverage
anafylics toois Potential data-sharing/security
(Node-RED, 1ssues 1f not managed properly
dashboards,

lightweight AT)

Flexible analytics Economical sustainability and Faster access to key metrics
e.g., real-time innovation (reduced bottlenecks) and less time

1 . ling/

analytics tools (Addressing SDG#9: Industry, needed on PCF modeling/setup
(Node-RED, innovation and infrastructure, Potential dependency on
dashboards, SDG#12: Responsible consumption Cloud/Edge, requiring good
lightweight AT) and production) interoperability

System Enabler(s) KeV as criterion and goal Enabler(s) KVI

Edge intelligent services | Environmental sustamability Reducing cloud traffic

leads to lower CO-:
emissions and energy costs
Possibly higher investment
for Edge hardware

Need for supervision to
avould data duplication

(2erOS basic components,

EAT) (Addressing SDG#13: Climate Action)

Edge intelligent services
(2erOS basic components,

Economical sustanability and innovation | Reduced time to configure
(Addressing SDG#9: Industry, and run calculations.

Data Fabric) innovation and infrastructure, SDGH12: Resilience to Cloud
Responsible consumption and network 1ssues
production) Complexity in maintaining

multiple Edge nodes
Sub-Pilot 1.2

As companies demand ever higher levels of productivity, flexibility, and excellence, the metrology sector must
evolve. Production metrology in particular has to adopt new technologies to become faster, more accurate, and
more resilient. Pilot 1.2 addresgdesri s chal l enge at I nnovaliads Didact
Center, where the aerOS Mgl has been deployed to unlock the full potential ofi Exdgé Cloud
capabilities. With aerOS, services can be deployed and managed remotelyjcaitbeid handled in a secure

and robust way, and a stronger edge layer ensures reliability on the shop floor.

The impact of this pilot is measured through both environmental and economic sustainability objectives. On the
environment al si de, the focus is on reducing CO €
is captured in the target ofducing digital service programming time to just two days cutting energy use

and demonstrating responsible production practices. On the economic side, the pilot improves process stability,
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setup simplification, and workflow efficiency. Clear performance targets guide progress: a 10% increase in
process accuracy, maintaining digital service programming time at two days, and achieving a throughput of five
parts per hour in dimensional qualigntrol.

KeVa:r:jcgr;;elnon KeV as outcome Use case KVIs KPIs T“;li;g:: Achieved
KeV1: Reduce the
CO2- emission
through the
calculation of an
optimized
production. KVI1: Radical time
Environmental Stakeholder: reduction on KPI 2.1.2:
sustainability Metrology M?ro}ogy Digi.tai ’
(Addressing SRRRE pmpcfsérensn(lg]e‘{up’ Servicg 2 days YES
SDG#13: Climate Effect on: — programing
Action) Eayironment, programming and e
susta.lAnablhry initial calibration)
perception on the
company from
other actors within
the value chain
(providers, clients,
end users.)
Economical Ke\(l; E“ngY KPI#2.1.1:
sustainability and cfidency fn P i o
- J manufacturing roduction . 10% NO
Innovation workflows. KIV1: Optimal process | increase
i selection of gage accuracy
SD((?SS;I ;Slf;:sgtry’ KeVZL'Il"rocess instrumentation
innovation and Stably. KIV2: KPI#2.1.2:
infrastructure, KeV3: Setup and | Configuration speed Digital
SDG#12: configuration of the testing service
Responsible simplification. SHVITGRITEHE programming| 2 days YES
consumption and Stakeholder: e time
production) Metrology i
speed increase
companies and
experts. KPI#2.1.3: 5
Employees Dimensional | parts/ho
quality e YES
Effect on: control
Process productivity

To reach these outcomes, the pilot leverages powerful technical enablers. Flexible analytics ensure alignment
with EU sustainability policies and increase public acceptance, though they require recurrent demonstrations
and monitoring. Edge computing accealkes processes such as point cloud generation and analysis, eliminating
the delays of clouanly approaches, even if it requires replacing outdated gages. On top of this, system enablers
like edge intelligent services drive lotgrm cost reductions whild3 software with touch and optical sensors
lowers the expertise barrier for operators, increasing speed and flexibility without compromising quality.
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Technical
Enabler(s)

KeV as criterion and goal

Enabler(s) KVI

Flexible
analytics

Environmental sustainability

(Addressing SDG#13: Climate
Action)

Alignment with EU policies and increase of public
acceptance

Recurrent demonstration required, consuming
human resources and additional calculation and
process to monitor.

Edge
computing

Economical sustamnability and
HNOVAion

_(Addressj.ng SDG#9: Industry,

Faster performance for certain processes that
previously relied on cloud computing. Tasks such
as generating and analyzing point clouds are now
accelerated thanks to edge computing, as data no

aerOS

innovation and infrastructure,
SDG#12: Responsible
consumption and production)

longer needs to be sent to the cloud
Outdated gages must be replaced or left alone

Traditionally, Coordinate Measuring Machines (CMMs) workeddatation, confinedo special factory rooms,
separated from production, and each with its own controller and environment. This approach is incompatible
with zerodefect manufacturing strategies, which require machines that are connected, intelligent, and secure.
Through aebS, these machines are now part of a shared environment known as the Metrology Continuum.
Operators can view all available machines, choose where to run a program, and even activate remote controls
such as a virtual joystick. Instead of being tied to glsimlevice, they can combine different hardware and
measurement tools, selecting the most suitable machine for each task and accessimgpdofed devices

whenever needed.

System Enabler(s) | KeV as criterion and goal Enabler(s) KVI
Edge intelligent Enmvironmental sustainability Alignment with EU policies and
services (Addressing SDG#13: Climate increase of public acceptance
Action) Recurrent demonstration required,
consuming human resources and
additional calculation and process to
monitor
Edge intelligent Economical sustainability and Long term cost reduction
services inmovation
(Addressing SDG#9: Industry, Upfront cost requirement with
innovation and infrastructure, unclear ROI
SDG#12: Responsible consumption
M3 Software and and production) The level of expertise required by the
sensors (Touch and metrologist decreases, increasing
Optical) flexibility and speed
Training on other areas (although
simpler) are required areas (although
simpler) are required

Digital twins play a central role in this transformation. Each machine is mirrored virtually, allowing operators
to follow its performance in real time, analyze its behavior, and continuously optimize measurement quality.
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This results in greater precision, higher efficiency, and a step change in flexibility. Metrology is no longer a
bottleneck it is becoming a connected, intelligent ecosystem that supports smarter and more resilient
manufacturing.

Through these advances, Pilot 1.2 demonstrates how aerOS transforms metrology into a connected, intelligent,
and flexible ecosystem. It improves precision and efficiency today, while laying the foundations for the zero
defect, resilient manufacturing ofrtmrrow.

Sub-Pilot 1.3

T he A Ze-uposafer PL@ weconfiguration for iefzel pr oducti ondo use case fo
versatile production system that demonstrates the potential of modular, efficient, and adaptable manufacturing
operations. The scenario showcases iiegration of Automated Guided Vehicles (AGVs) and robotic arms
through aerOS decentralized intelligence and Siemens SIMATIC Industrial EDGE technology. This
implementation enables dynamic production line modifications and demonstrates the feasibiéigibtd f
manufacturing solutions that overcome the limitations of traditional static production systems.

The scenario promotegonomic sustainabilityand innovation through its focus on optimizing manufacturing
workflows and increasing process stability. The KeVs under this domain target enhanced efficiency and
reliability in production processes. The KVIs assess operational aspects such as AGV task performance and
manufacturing downtime reduction. Performance is measured thiRG2.1.7, which targets AGV usage

above 80%, demonstrating the system's ability to maintain high utilization rates of automated resources.
Additionally, KPI#2.1.8 measures AGV availability ith a target of above 95%, highlighting the system's
reliability and operational stability.

KeV as criterion and goal | KeV as outcome | Use case KVIs | KPIs 'f/a:lﬁit Achieved

Economical sustainability

: : KeV1: Optimize KVI1:
and innovation :
manufacturing Increase the
(Addressing SDG#9: workflows for number of |Kpr#2.1.7:| >80 %
Industry, innovation and enhanced tasks AGV usage P
infrastructure, SDG#12: efficiency. performed by
Responsible consumption the AGV in the

KeV2: Increase

i process stability

manufacturing
process.

Simplified life and reliability
. . KVI2:
(Addressing SDG#9: Stakeholder: Reduction of |KPH#2.18¢{  gzo,
Industry, innovation and Manufacturing d i AGV % YES
infrastructure, SDG#11: companies OWR Ume I Tahili
" . ’ manufacturing |availability

Sustainable cities and

= Effect on: Process processes
communities)

The technical enabler "Intelligent orchestrator for dynamic production" addresses these sustainability goals by
increasing productivity and throughput through optimized AGV utilization. This is achieved while maintaining
robust data security measures totpct sensitive manufacturing information. The system enabler, Siemens
Industrial Edge computing platform, complements these capabilities by providing reduced latency and faster
response times for retime production optimization, while also offering lowefrastructure and maintenance

costs compared to traditional clebdsed solutions.
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Technical KeV as criterion and goal Enabler(s) KVI
Enabler(s)
Intelligent Economical sustainability and | Increased productivity and throughput of the
orchestrator for innovation manufacturing process by optimizing AGWV
dynamic (Addressing SDGHO: Industry, | DHiiZation
production innovation and infrastructure, | Integrating advanced analytics and optimization
S8DG#12: Responsible algorithms can raise potential data privacy and
consumption and production) | security concerns, particularly regarding data
- - protection when using smart systems across a
Simplified life large network for production optimization.
{Addressing SDGES: Industry,
innovation and infrastructure,
SDG#211: Sustainable cities
and communities)

The pilot's implementation leverages sophisticated hardware setup in a Siemens Tech laboratory, including three
AGVs and two mobile robot arm modules. This infrastructure is supported by advanced networking capabilities
through WiFi connectivity and indugal-grade protocols. The integration activities focus on implementing key
aerOS components such as the Higivel Orchestrator (HLO) and sadfpabilities, to enable intelligent service
allocation and resource management.

The simplified life aspect is addressed through the system's ability to automate complex manufacturing
processes and provide flexible, adaptable production solutions. This aligns with both SDG#9 (Industry,
innovation and infrastructure), SDG#11 (Sustainable cities and cotmesiyirand SDG#12 (Responsible
consumption and production) by demonstrating how advanced manufacturing technologies can contribute to
more sustainable and efficient industrial operations. The intelligent resource management and ioptimizat
capabilities ensure optimal use of manufacturing resources, while the automated orchestration of AGVs and
robotic arms minimizes idle time and reduces waste in production processes, directly supporting sustainable
manufacturing practices and responsitdsource utilization.

System Enabler(s)

KeV as criterion and goal

Enabler(s) KVI

Edge computing
platform (Siemens
Industrial Edge)

Economical sustainability and
innovation

{Addressing SDG=0: Industry,

innovation and infrastructure, SDG#12:

Eezponsible consumption and
production)

Simplified life
(Addressing 3SDG=9: Industry,

innovation and infrastructure, SDGE11:

Sustainable cities and communities)

Feduced latency and faster
response times for real-time
production optimization.

Lower infrastructure and
maintenance costs compared to

centralized cloud-bazed solutions.

Limited flexibility in integrating
with non-Siemens technology

The validation activities will be conducted in the laboratory setting, focusing on the system's ability to
autonomously make informed decisions about task allocation and resource utilization. The defined KPIs provide
clear metrics for evaluating the suceed the implementation, ensuring that the scenario delivers measurable
improvements in manufacturing efficiency and reliability.
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Sub-Pilot 1.4

SubPilot 1.4 demonstrates AGV Swarm, Zero Brelkvn Logistics, across two connected factories (MADE
Competence Center and POLIMI) coordinated through aerOS to optimize intralogistics and outsource work
when the primary line nears saturation. Orders rrgested and aggregated by containerized Order Manager
apps and exposed as NA3D entities in OrionLD; a synthetic order generator feeds realistic workloads for
endto-end tests. When thresholds (e.g., queue length, line/AGV status) indicate overlddd -tzased
optimizer (Random Forest) dispatches work to the external POLIMI line, where eb&5@8 AGV stack,
executes predictable linear paths for perceived safety, with a Flask/ROS bridge enabling direct missions from
the fronte nd A AGV Co mmali-domain continlumegNABERTIC entry, MADE edge, POLIMI
edge) is orchestrated via the aerOS Management Portal witlhaséel accessag¢rOS AAA, spanning
K8sK3s/Docker to reflect platforragnostic deployment. Together, this validates etd@xecution low,
decentralized logistics intelligence, and smart cgigsallocation in a realistic valygroduction scenario.

Key values are addressed via KVIs/KPIs, technical and system enablers. More spedciioalhynic impact
aggregating orders and batching material moves with the Order Manager, plgeidéd outsourcing to
POLIMI, targets shorter order lead time, higher throughput, and reduced logistics cost per unit. KPIs are
computed from ordestate entities and orcheatior logs (e.g., missions per hour, line utilization, outsourced vs.
local orders). Technical enablers include the dual Order Manager (MADE/POLIBButRourcing optimizer,

and REST APls added to MADEO&6ds LEA platform for pr
KeV as criterion and goal | KeV as Use case KVIs  |KPIs Target | Achieved
outcome Value
Economical sustainability KeV1:
and innovation Optimize
(Addressing SDG#9: uzfﬁfff;x;”f';% KVIL: Increase |KPI#2.1.7:| >80 %
Industry, innovation and enltizriced the number of  [AGV usage AR
infrastrgcture, SDG#I.Z: efficiency tasks performed
Responsible consumption ) by the AGV in the
and production) KeV2: manufacturing
Increase process.
process ]
Simplified life stability and | KVI2: Re(.luctl'on
. reliability of down time in
(Addressing SDG#9: manufacturing | KPI#2.1.8:[ - 9504
Industry, innovation and Stakeholdgrz processes AGV YES
infrastructure, SDG#11: Manufacturing availability
Sustainable cities and companies
communities) Effect ons
Process

From theenvironmental sustainability perspective, sub pilot 1.4 pushes computation and control to the edge
(12 of 13 applications, ~92%, now run at edge IESs), cutting needless traffic to the cloud and enabling local,
lower-latency decisions that reduce AGV idle time and empty runs. KVIs/iKEelsde % workloads at edge
(baseline dall cloudo Y ~92% edge after aer OS),
derived from OriorLD telemetry. These are enabled by Orldd semantics (NGSLD) and federated
orchestration over heterogeneous IE nodes.
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Technical KeV as criterion and goal Enabler(s) KVI

Enabler(s)

Light-weight Al Environmental sustainability Increased production and energy
models efficiency

(Addressing SDG#13: Climate Action)
Privacy and security concerns in data

gathering and storage
CEI Economical sustainability and Process resilience: MADE and Polimi
interconnection innovation domains can act as two Industries that
optimization (Addressing SDG#9: Industry, shal;: production orders in case of
need.

innovation and infrastructure,
SDG#12: Besponsible consumption Compatibility problems between the
and production) zoft- and hardware levels

Operational safetgndreliability arerelated tdROS navigation stackhichwas deliberately adapted away from
reactive local planners toward predictable, orthographic movements; obstacle encounters trigger controlled
stops (not spirecovery), improving operator trust.

Interoperabilityand scalabilityare accomplished througiontinuum spans NASERTIC (enpgint) and two
factory domains withK8sK3s/Docker and mixed ARM64/AMD64 images. Standard interfaces (NGSI
LD/Orion-LD, REST), containerization, and reb@sed accesag¢rOS AAA are used throughout, measured via
KVIls like successful crosdomain deployments and API conformance checks. System and technical enablers
include the aerOS Management Portal, identity services, Qbomtegration, and packaged apps (Order
Manager, Order Generator, AGV Commander).

System KeV as criterion and goal Enabler(s) KVI
Enabler{s)

Edge intelligent | Environmental sustainability Lower CO2 emissions in
services production processes

(Addressing SDG#13: Climate Action)

High purchase/skills costs for
initiation
Edge intelligent | Economical sustainability and innovation Lower process resilience
sefvices (Addressing SDG#9: Industry, innovation and mf;:;&f:s long:term cost
infrastructure, SDG#12: Responsible cHsChvensss
consumption and production)
High purchase/skills costs for
initiation

Overall, subPilot 1.4 evidencethe aerOS value proposition for dsize 1 logistics: decentralized intelligence

to keep lines flowing, externddctory spillover when saturated, and measurable improvements in edge
execution, utilization, and safetyalidated through entb-end scenario tests from order creation to AGV
mission completion
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7.1.2. Pilot 2 Containerised edge computing near renewable energy
sources

Use case: Containerized Edge Computing near Renewable Energy Sources

As it was described in Deliverable 5.Bilot 2 addresses the critical challenge of achieving sustainable
computing through the strategic deployment of containerized edge computing infrastructure directly at
renewable energy sources. The pilot demonstrates the aerOS platform's capabiiligeritly orchestrate
computing tasks between federated edge nodes and cloud resources while maximizing the utilization of
renewable energy and minimizing overall energy consumption. Through two complementary soenegins

Edge Processing and Secuszgl€ration of edge/cloythe pilot validates energyonscious computing practices

that align computational workloads with renewable energy availability, delivering measurable improvements
across environmental, economic, societal, and data privacy sustainability domains.

The pilot promotegnvironmental sustainability by focusing on the reduction of carbon footprint and energy
waste through strategic placement of edge computing resources at renewable energy premises and intelligent
energyaware workload distribution. These are critical given the increasing enviraarimepact of traditional

cloud computing infrastructure. The KeVs under this domain include renewable energy utilization
maximization, energy consumption optimization, and carbon footprint reduction throtajligemt task
scheduling. The KVIs assess operational aspects such as monthly renewable energy consumption, green energ
share for carbocaware workloads, and energy efficiency improvements through edge processing. Performance
is measured througkPI 2.2.1, which targets 20 MWh/month of consumed renewable energy, demonstrating
substantial energy usage powered by clean sources. AdditiokRIV2.2.5 measures carbon awareness by
targeting 60% green energy share for jobs with green energy preferencedabetisig that environmentally
conscious workloads are prioritized for renewable energy sources when available.

Economic sustainabilityfocuses on achieving cesffective operations through optimized resource utilization,
efficient task distribution, and scalable infrastructure deployment that maximizes computational efficiency
while minimizing operational costs. The KeVs in this domainpkasize operational efficiency through
intelligent resource management, scalability of computing infrastructure, and cost reduction through renewable
energy integration. The KVIs relate to CPU utilization efficiency, task execugimtess rates, and
infrastructure scalability indicators. Performance is measured thiKRigh 2.4, targeting 80% CPU utilization
efficiency to ensure optimal resource usage and energy conservation through proper autoscaling solutions.
FurthermoreKPI 2.2.3 measures the scalability of task distribution with a target of 10,000 tasks executed per
month, demonstrating the economic viability and efficiency of the aerOS orchestration system.
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aerOS

KeV as KeV as outcome | Use case KVIs |KPIs Target Value | Achieved
criterion and
goal
Environmental KeV1: Reduced | KVII1: KPI#2.2.1: 20 YES
sustainability overall energy Improved Consumed MWh/month
(Addressing usage processor renewable
SDG£]3: KeV2: utilisation energy b_ased
Climate Action) | Enhancement of | KVI2: on dtec1s1ou
imaking process
energy and Percentage of
. of aerOS
resource operations
optimization utilizing KPI#2.2.5: 60% YES
efforts renewable Carbon
KeV3: energy sources |gwareness
Decarbonation KVI3: share of green
: energy
Stakeholder: Decrease m
. CO: footprint
Companies
Effect on: Cost, KPI#2.2.4: 80% YES
Environment (CPU utilisation
efficiency
Economic KeV1: Reduced | KVII1: KPI#2.2.2: 99.5% of tasks | YES
sustainability system's capital | Improvement in [Effectiveness | executed on
and innovation | intensity Task Execution |of task schedule
(Addressing Stakeholder: Accuracy g-,litib]]l]t:zo S
SDG#8: Decent | Companies KVI2: Increase N cgi
Work and . the number of | 0 0¢S
. Effect on:
Economic tasks performed
Process | 5T T gt e
Growth) KVI3: KPI#2.2.3: 10k tasks YES
Tmproved Scalability of | executed/month
economic t%Sk_ )
planning and distribution and
resource management
allocation through aerOS
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through KPI#2.2.8: 85% YES
accurate energy [Precision of the
price [Future Price
forecasting prediction
algorithm
Societal KeV1: Better KVI1: [KPT#2.2.5: 60% YES
sustainability public health Decrease in Carbon

CO: footprint  |awareness

(Addressing KeV2: Better air hare of
SDG#3: Good quality in share of green
Health and neighbouring Faergy
Well-being, areas
SDG#“: Stakeholder:

S.u?,talnable Society, Humans
cities & ’

Communities) Effect on:

Environment,
Humans

Societal sustainabilityaddresses the broader impact of sustainable computing practices on communities and
the transition to clean energy infrastructure, focusing on supporting renewable energy adoption and
demonstrating responsible technology deployment in critical energtinfcture environments. The KeVs
encompass community benefit through renewable energy integration, technological advancement in sustainable
computing, and workforce development in green computing practices. The KVIs track renewable energy
infrastructure llization rates, community energy resilience improvements, and technology adoption indicators.
This domain shareKPIl 2.2.1 with the environmental domain, reinforcing the 20 MWh/month renewable
energy consumption goal. AdditionallgPl 2.2.6 evaluates the deployment of federated edge infrastructure,

with a target of connecting 2 edge nodes at different renewable energy locations, demonstrating the pilot's
contribution to building distributed, communitiytegrated computing infrastructure.

Environmental and Economic sustainabilityis addressed through renewable energy monitoring systems
which contribute to dynamic energy management and computational load balancing. These systems
continuously track parameters such as renewable energy generation from wind and photovoltaic farms,
computdional demand, and network performance, enabling-tiee optimization of task distribution to
maximize green energy utilization. As a result, dynamic energy management and the reduction of operational
costs ocar. That can lead directly to reduced carbon footprint and more efficient utilization of renewable energy
sources. However, accuracy must be a priority since the possibility of hardware malfunctions, environmental
interferences, or calibration issues mead to inaccurate sensor readings, which could affect decis&ing
processes.

The next technical enabler is aligned wiémvironmental sustainability as well as witheconomic
sustainability. More specifically, energaware task orchestration and intelligent workload distribution is very
important to ensure optimal resource utilization and carbon footprint reduction. This involves collecting real
time data on renewable energy availabilitynguitational requirements, and system performance to determine
the most suitable placement for computing tasks. This can lead to improved effieigycg and cost
optimization since it can provide intelligent allocation of computational resources based on green energy
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availability. Yet, this technology is not without r&kncorrect predictions or missed optimizations from
energyaware scheduling systems could lead to suboptimal resource allocation or a failure to maximize
renewable energy utilization when interventismequired.

Technical Enabler(s) KeV as criterion and goal Enabler(s) KVI
Deployment of edge intellizence Environmental sustainability Efficient resousce
services {Addressing SDG#13: Climate allocation
Action) Initial infrastructure
cost
Connection different smart devices | Societal sustainability Feal-time
and data sources from wind and environmental data

(Addressing SDG=3: Good Health
and Well-being, SDG=E11:
Sustainable cities & Communities) Inconsistent energy
supply of
overproduction

PhV farms operated by CF

In the context ofeconomic sustainability the development of containerized deployment and autoscaling
technologies has been conducted. These technologies allow intelligent management of computing resources anc
support scalable decisianaking for resource optimization. To develop efficient armbteffective
infrastructure, it can ensure that resource allocation is not only optimal but also adaptable. This is essential for
meeting operational efficiency requirements, but it is also scalable and econpwiglalé. These attributes

can assure stakeholders that infrastructure investments are based on proven scalability principles. The
implementation of a comprehensive containerized system may come with high initial investment costs, such as
infrastructure sip, system integration, and staff training.

From the network and connectivity perspective, federated edge infrastructure management can comtribute to
stable, reliable, and flexible connectivity between distributed computing nodes. These networks and
components allow faster data transmission and suppoitimeaknalytics across the federated infrastructure.
They can also enable dynamic execution ofilbalancing protocols as well as improve coordination among

the distributed nodes, supporting operational efficiency. Besides all these benefits, careful management of
network connectivity, data synchronization, and fault tolerance is essential sinadddsistems introduce

new complexitydistributed nodes can act as potential failure points affecting overall system reliability.

Scalable task distribution and batch processing capabilities are a vital connection between computational
demand and system performance. Stimulated by intelligent algorithms, they enalimeealitonomous
scheduling of computing tasks across the feddratfrastructures.g., Al processing, data analytics, or batch

job execution based on energy availability and system capacity. In that way, it maintains computational
efficiency and resource optimization without any manual intervention from operatosssy@tem enabler
serves botlenvironmental and economic goaldy reducing energy waste and encouraging optimal resource
utilization. However, it is possible to have scheduling conflicts or resource allocation failures in upstream task
management systems.
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aerOS

System Enabler(s)

KeV as criterion and goal

Enabler(s) KVI

Analytics for efficiency and
enrvironmental footprint

Environmental sustainability

(Addressing SDG#13:
Climate Action)

Feal-Time energy management that
can lead to carbon footprint reduction

Data overload and complexity

Federated edge nodes and a
private cloud located
directly at renewable
ENErgy premises

Economical sustainability and
mnovation

(Addressing SDG#E: Decent
Work and Economic Growth)

Lower initizl capital investment and
efficient rezource coordination

Increazed maintenance cost as well as
increased bandwidth cost and network
bandwidth limitation

Federated edge nodes and a
private cloud located

Societal sustainability
(Addressing SDG#3: Good

Reduction in local air pollution as well
as reduced greenhouse effect

directly at renewable

) Health and Well-being,
energy premises

SDG#11: Sustainable cities &

. Physical security threats may arise for
Communities) ‘ W

edge nodes located in contamers, as
these typically have less strict zecurity
tneasures compared to large data
centers.

Lastly, comprehensive monitoring and analytics infrastructure is a very important aspect especially in case of
achieving longterm operational sustainability in federated edge computing deployments. This system enabler
supports the centralized monitoringdadistributed analysis of system performance, energy consumption, and
environmental as well as societaimpact. The system has the ability to provide detailed insights effectively
over time without exponential monitoring overhead. On the other handil ioapital investments for
monitoring platform setup, analytics tools integration, and comprehensive logging systems can be significant.

7.1.3. Pilot 3 High performance computing platform for connected and
cooperative mobile machinery

Use case: High Performance Computing Platform for Connected and Cooperative
Mobile Machinery to improve CO2 footprint

As detaikd in D5.5, Pilot 3 focuses on the introducing advanced digital technology in agriculture for reducing
resource consumption and increasing efficiency, thus providing overall environmental benefits. In particular,
the pilot addresses the challenges related to lacitadifie connectivity in rural areas by leveraging edge
computing and combined with limited network infrastructures such as 4G and 5G, to enatieereahtrol

of farming operations without relying on constant cloud access. This is especially impartembridinating

and optimizing tractor activities, contributing to more efficient and sustainable farming. Existing systems, such
as networked and collaborative agricultural devices, often struggle with challenges like limited data access,
processing cap#ty, data protection, and consistent cloud availabilityvéhicle edge units (e.g., TTC edge
platform), working together with other smart sensors and devices, communication modules, and the broader
compute continuum, will be enhanced by the deploymettioMetaOS framework that supports secure and
efficient automation.

Pilot 3 addressesnvironmental sustainabilityby f ocusi ng on reducing energy
and overall resource use in smart farming operations. By executing Al analytics directly at thivssig®

the machinerylatency and reaction times are minimized, enabling faster and more efficient dec#iom.

A key enabler is the use of platooning, where multiple vehicles operate in coordinated formations to optimize
fuel efficiency and reduce emissions. As part ofptie, preliminary Al applications have been tested to detect
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weed in the fields using camepased analytics, allowing for targeted spraying. This approach significantly
reduces pesticide use and shortens tractor operati
are directly linked tdPI#2.3.3, which measures emission reductions achieved through collaborative vehicle
strategies. Overall, the pilot demonstrates how di
both diesel and electric tractors operating in swarm configuratEugprting the EU Green Deal and
sustainable rural development objectives.

KeV as
criterion and KeV as outcome Yse case KPIs Lo Achieved
goal KVIs Value
KeV1: Reduce energy
consumption KVII1: < :
Environmental Decrease in KPg:#g.z&:'.. A redustlon
smeingbilty KeV2: Reduce CO2 and (0 foatprm emissions 0{788 f 1
(Addressing resource wastage miniIIJr?,izing reduction C(32/h§ NO
S(].j.c’#lt& Stakeholder: Farmers, data tll;glgrslitrcl)
A clg]:ni agricultural businesses transmission | P 8
Effect on: Environment,
Farming operations
Ec?‘_“’“gif’[‘ KeV1: Efficiency of a large-
sustainabiiity scale production system KVI1:
and innovation ¥ J morove | KE#2:3.2: [ 6 FPS pro
Stakeholder: Farmers, bry Swarm of | Camera and
(Addressing agricultural, Construction Operation vehicle PARTIALLY
SDG#8: com’ anies AcEuracy erformance 18/
Decent Work ’ through Al j[[)nprovemem
and Economic | Effect on: Farming operations, | applications
Growth) Construction operation
For
performance:
GPU:12.6
KeV1: Improvement on FP16
Seicietal connectivity capabilities in KVI1: KPI#2.3.1: TFLOPS,
sustainability haress Improve | Performance| Cpy: SPEC
(Adatessing Stakeholder: Agriculture connec(;xvny and | int 2k6: 22,
SDGA11: sector, Construction sector ek r:;uting Cc‘:l‘)r;:ﬁ:i‘e?’ SPEC int YES
Sustainable Effect on: Environment, performances |improvement| ~Tate: 140
cities & Availability and optimisation in rugged (single Gflops
Communities) of resources environments | vehicle) For
connectivity:
4G/5G
network
available
KeV1: Automated safe and
i iie secure execution of tasks at the
implified life i
p edge node of the vehicles KPI#2.3.2:
(Addressing Span KVILAL | g amof | 6FPS pro
SDG#L1: Stakeholder: Off-highway models vehicle Cameraand | PARTIALLY
Sustainable vehicles manufacturers performance | ¢ vance| 18 km/h
cities & optimisation il?n S
Communities) | Effect on: Process efficiency, P
Agriculture and Construction
sectors

Pilot 3 also supportsconomic sustainability and innovationby enhancing the efficiency and scalability of
largescale agricultural production systems. The capability to orchestrate the execution of Al analytics across
the loT-edgeCloud continuum, enables rethe decisioamaking and automation in the field. Theoposed
application involves the use of deep neural networks to process images from the cameras mounted on the tractor
These Al models are trained to identify weed infested areas iimesain order to optimize spraying paths and
reduce the amount of pesticide that is used. The efficiency of the Al algorithms is measured in frame per second
and reflects the performance of Al services executed at the edge on robust hardware platforms ioperating
remote and demanding environments. By leveraging the aerOS frameworkPthk2.3.2 related to
performance improvement at the edge has been achieved and the initial FPS rate has been increased by mor
than 20% at field operating speed of 20km/h.
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The pilot supportsocietal sustainabilityby enhancing connectivity capabilities in rural agricultural areas,
where network infrastructure is often limited. Through the deployment efdtamcy networks such as 4G and
5G, combined with data preprocessing techniques, the pilot improves comnwmgféttiency and enables
reaktime responsiveness in smart farming operations. Each vehicle is equipped witbetiagmance
computing platform with improved performances such as GPU: 12.6 FP16 TFLOPS andRE&ihnt2006
score of 22, SPECint rate of 140 GFLOPS. This upgrade sflorwadvanced processing directly on the
machine, even in demanding field conditions. These capabilities demonstrate the achievé¢Rétd . Gf1,
which measures performance and connectivity improvements at thewihitte level.

By ensuring reliable, higepeed communication and processing in remote environments, we support bridging
the digital divide, empowering also rural communities, and aligning with EU goals for a more inclusive digital
transformation.Lastly, the pilot aims to simplify life in sustainable cities and communities by enabling
automated, safe, and secure execution of tasks directly at the edge of vehicle swarms. Each vehicle is equippec
with its own faredge node running aerOS frameworkowling for decentralized intelligence and autonomous
operation in complex agricultural environments. The vehicles are interconnected with onboard smart devices
and sensors, forming a responsive and adaptive system capable of executing advanced aupemnzaitoms o
without relying on constant cloud connectivity. This setup contributes to reducing human intervention and
enhances safety, reliability and efficiency of rural production systems. The impact is measured through
KPI#2.3.2, which tracks performance improvements that have been achieved by executing the Al analytics at
the edge.
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embedded analytics.

Technical Enabler(s) KeV as criterion and | Enabler(s) KVI
goal
Edge computing for Environmental Feduced energy consumption by minimizing data
enhanced responsivensss | sustainability transmission
znd reduced reaction | (Addressing SDG#13:
& Climate Action)
Al and real-time Increasing operation efficiency of mobile

machinery in the field

Data autonomy with Economical Vehicles can react to dynamic situations
semantics for a fleet of zustainability and optimizing routes, speed, and manocevvres on the
vehicles innovation Iy
Addressing SDG#8:
[D ece:t:s:‘.]:'t;k and Reliable and low-latency communication
Eccnomic Growth) infrastructure iz eszential for effective fleet
coordination, which may not be always available
IoT edge and cloud Increase scalability and flexibility thanks to
technelogies to dynamic rescurces allocation
orchestrate AT/NIL -based
services Complexity of orchestration and management in
very heterogenous environments
Utslization of low- Societal sustainability | Availability of high bandwidth connectivity and
]itaé&nc}ééem'orks such as (Addressing SDG#11: ca;np;x;.;lg; rgsgmc&s integrating efficient and
o Sustainable cities & | 100 o
Communities) Coverage limitations in rural and remote regions
Enhanced Lower bandwidth consumption translates to
comunication reduced operational costs, especially remote
efficiency through local operations where network costs can be substantial
data preprocessing
Limited computational power and memory can
limit the implementation of robust cyberzecurity
measures
WVehicle will be equipped | Simplified life Increazed autonomy and resilience, e.g. a vehicle
wﬂiita oW fa::élge (Addressing SDG#11: can opee?t_e aﬁ;tonomg;s_ll}"ereu it areas with poor
node running ae Sustainable cifies & or 0o network: connectivity
Communities)

Equipping each vehicle with a powerful far edge
node capable of running complex ATML models
and processing large amounts of senszor data
significantly increases the per-vehicle cost

Vehicles will be
interconnected with
zmart devices and
zensors onboard

Sensors gather local data (soil conditions, crop
health variation) will allow highly precize
application of inputs (water, fertilizer, pesticides,
seeds) exactly where and when needed.
minimizing waste and maximizing yisld

Farmers and agricultural workers need new skills
to operate, manage, and troubleshoot these
advanced syvstems
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System Enabler(s) KeV as criterion and Enabler(s) KVI

goal
Al-driven Performance Environmental Improved energy efficiency by executing AT
Optimization sustainability tasks at the edge

(Addressing SDG#13:

Climate Action)

Latency issues in low-connectivity farming

areas
Edge-Cloud System for Economical Ensure low latency data communication and
Autonomous Swarm sustainability and high-performance computing enabling fast
Vehicles mnovation PIOCEssing

(Addressing SDG=S: Ensuring seamless, low-latency data

Decent Work and communication and computational

Economic Growth) compatibility across these heterogenous

components

Deploving telecom towers Societal sustainability Improve connectivity and computing
that can withstand harsh (Addressing SDG#11: performances with robust HPCP
enviroamental conditions. Sustainable cities & Increaze CAPEX costs

Communities)
Deploving and executing AT | Simplified life Improve operational autonomy, as edge
applications directly on the {Addressing SDG#11: devices can continue to work and perform
edge devices S-ustainableaciﬁes & ’ Al tasks even with intermittent or no

.. network connectivity
Communities) -

Increase complexity for managing and
deploying AT models and software updates
to a large number of geographically
dispersed edge devices

7.1.4. Pilot 4 Smart edge services for the port continuum
Use case: Smart edge services for the Port Continuum

Pilot 4 aims to enhance cargo operations at EGCTL through smart edge services for the Port Continuum. Cur-
rently, Quay and Yard cranes at EGCTL rely on multiple PLC controllers, which are the most accurate source
of data on crane status. However, Big DAAVIL, and l0T technologies are primarily based on remote servers

or cloud platforms, creating a gap between the precise data from PLCs and the KPIs used for analysis and
predictions. This gap results in reéahe observability challenges and latency issuendering terminal effi-

ciency and potentially causing operational disruptions. As physical expansion of terminals is not feasible, im-
proving operational performance necessitates adopting the Industry 4.0 digitalization paradigm. This approach
enhances etisionmaking by improving information availability and presentation. While-fyexteration 1oT
architectures cannot support advanced computer vision and predictive maintenance services directly at the edge
aerOS enables the orchestration of smart sdgéces. This allows maritime companies to react more quickly
without relying on higkperformance cloud processing. Not only from an operational perspective, but also by
embracing digital transformation, port terminals like EUROGATE Container Terminaldsioh aim to reduce

human error, and foster a safer working environment, thereby aligning with global standards and Sustainable
Development Goals (SDGS).

One of the key value drivers of the pilot and for EGCTL is the enhancemgarisoihal health and protection
from harm, directly addressing SDG#3: Good Health and Wellbeing. By implementibgsat predictive
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analytics, maintenance teams can make faster and more accurate decisions, thereby reducing human errors an
associated safety risks (KeV1). This proactive approach ensures that machinery undergoes maintenance pre-
cisely when needed, minimizing unexpectatufas and incidents (KeV2). The anticipated outcomes included

KPIs such as 280% reduction in equipment idle time due to failures odB8% increase in the detection of
equipment malfunctions through automated systems compared to 2023 levels.

Economic sustainability and innovationare also central to the terminal's digitalization strategy, aligning with
SDG#9: Industry, Innovation, and Infrastructure. The adoption efriabled early fault detection and opti-

mized scheduling is expected to reduce operational (KeV4) and maintenste¢keV6). Furthermore, the
integration of Al models for predictive maintenance of Container Handling Equipment (CHES) aims to extend
their lifespan (KeV3), a higher asset utilization in operation (KeV5). To da s set that at least 80%
precision and Fkcore performance metrics shall be guaranteed. Additionally, the implementation of classifi-
cation Al models for damaged seals is targeted to reach 60% accuracy and F1 scores, enhancing the reliability
and efficency of operations.

Finally, the terminal plans to implement autonomous container seal inspections, simplifying operational
processes, contributing also $implified life and to SDG#3: Good Health and Wellbeing. This scenario is
helping on reducing the need for human intervention (KeV7), and thereby decreasing safety hazards associated
with personnel working in close proximity to heavy machinery (KeV8). This automatioraetésved by

fulfilling KPI-2.4.3 leading to a 3@0% increase in the detection of actual damaged cmmsgicomparing

manual reports by staff to automatic system reports.

KeV as Tarset
criterion and KeV as outcome Use case KVIs KPIs Vv ali p Achieved
goal
KPI#2.4.1:
Reduction of ”
CHE idle time 2303 ¥ES
KeV1: Maintenance team - dueto failumes
KVI1: Reduction in
takes faster and better 3
- . the risk of health and
decisions, lowering human safety incidents
mistakes and safety risks Y KPI#2.4.2:
Personal related to unplanned | pcrease on
health and KeV2: Machine comes for equipment failures | 4oiection of | S0"40%
protection maintenance only when its and inefficient equipment with YES
from harm required refiuc.ing occurrences manual interventions | -1finctions :(:‘SZP(;ZC;
(Addressing L e KVI2: Improved (from manl.JaI
SDG#3: Good Stakeholder: EGCTL, decision-making to automatic)
Health and Technical Department speed and accuracy
4 : ! L KPI#2.4.5:
Wellbeing) workforce, Container terminal for maintenance
Performance
Customers, Users teams through AI- luati
based predictive evaluation
Effect on: Operating & y metrics of
Maintenance, Repair Process eyt regression Al
A 20% YES
models
(MAE/RMSE)
for predictive
maintenance
of CHEs
Econpmic KeV1: Reduction of cost and KVI1: Reduced KPI#2.4.1:
sust.alnab1l{ty time in decision making operational and Rediiction of
and innovation maintenance costs i 20-30% YES
KeV2: Early detection of CHE idle time
(Addressing issues through early Al- | due to failures
SDG#9: enabled fault
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KPI#2.4.5:
Performance
evaluation
metrics of
regression Al 20% YES
KeV6: Reduction in resource CHE'’s failures models
consumption (lubricants, oils | technical personnel to (MAE/ R,MSE)
etc) & waste as maintenance have clarity on the for Predlcnve
occurs only when its potential issue to plan | Maintenance
necessary a targeted response. of CHEs
KeV7: Reduction in
unexpected breakdown should
result in reduction in clean
ups
KVI1: Reduced need
for human
intervention in seal
inspection, leading to
. greater automation
KeV1: Container seals and and operational
damages autonomously simplicity KPI#2.4.3:
detected, without requiring Increase of
human intervention KVI2: Enhanced number:of
. o detection accuracy of )
Simplified life | KeV2: Reduction in safety damaged containers dactua ?
(Addressing hazards as for checking seals | through AI, reducing coilr?aa;ﬁzrs
SDG#3: Good | Personnel needs tobe in close | reliance on manual (manually 30-40% YES
Health and proximity to heavy machinery error-prone Citer.
Wellbeing) Stakeholder: ECTL, Inspections staff vs
Stevedores, Terminal KVI3: Reduced need | automatic
Customers, Cargo Owners for human system
Effect on: Process, Customer | intervention in seal reports)
Experience inspection reduces
incident risk, as seal
check needs takes
place in heavy
machinery operations
areas
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Technical KeV as criterion and | Enabler(s) KVI
Enabler(s) goal
Analytics and AT | Personal health and Feduction in human error through automated fault
tools protection from harm detection and predictive maintenance
(Addressing SDG#3: recommendations
Good Health and
Wellbeing)

Eisk of algorithmic inaccuracy if models are not
propetly trained or updated, due to the lack of labelled
datazets for validation.

Analytics and AT | Economic sustainability | Improvement of operational efficiency since
tools and innovation maintenance is scheduled well in advance for any
failure, without suddenly disrupting their operations.

{Addressing SDG#9:
Industry, Innovation
and Infrastructure) False negatives, leading to assuming there are no
upcoming failures, and when occur a complete port
call iz delayed until CHE is properly fixed.
Analyzing video Smmplified life Limiting the risk of accidents at the dock of the port
zg;:ms at the (Addressing SDG3: with any container wrongly sealed.
gssiizal}th and In casze the model detects falze positives, but there i3
& not any seal the workforce labor might still need to
check manmally in Heavy machinery areas with
associated risk.
Self-orchestrated Eazinesz and human-friendly management of a Cloud-
IoT edge-cloud Edge-loT continuum platform.
continmm

A large knowledge about CEI is needed, as well as
virtoalization and containerization. In case there are
no experts available, the system might fail without a
guick countermeasure procedure on place.
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System Enabler(s) KeV as criterion and Enabler(s) KVI

goal
Frugal Al models to | Personal health and Benefit: AIML models are inferenced on the
be deploved at edge | protection from harm edge devices, reducing the latency consumed for
resources (Addressing SDG#3: de‘tq_zctmg failures and notifying them to

Good Health and maintenance staff.

Wellbeing)

Eisk: Models might not be accurate enough due to
the uze of small data sets for traming.

Secure and trusted Economic sustainability | Benefit: A complete all-in-one platform that

environment for TOS | and innovation interconnects multiple IT systems will help with
and CMMS (Addressing SDGHO: decision-making.

Industry, Innovation and

Infrastructure) Fisk: Any system exposed to the internet i3 the

subject of cyberattacks. Nevertheless, the IdM
services proposed in the project should guarantee
00.9% of intrusion detection.

Intellizent Smmplified life Improved process efficiency and responsiveness
orchestration of through real-time orchestration of data and tasks

disliibuFed Eﬂ?ﬁ:ﬁi%ﬁ?i across multiple systems.
applications Wellbeing) Potential cybersecurity vulnerabilities due to

distributed system interactions and data flows.

7.1.5.Pilot 5 Energy Efficient, health safe and sustainable smart
buildings
Use case: Energy Efficient, Health Safe & Sustainable Smart Buildings

As it was described in Deliverable 5Bilot 5 addresses the complex challenges created by the GT®/ID
pandemic in the context of smart buildings, where traditional methods such as maximizing workspace
occupancy are no longer acceptable without careful attention to safety, health, and ficeEnggye The pilot
demonstrates the use of the aerOS platform, integratingjmeatiata processing, Al, 5G, and loT technologies

to autonomously optimize building operations. It delivers measurable improvements across multiply
sustainability domains a@rbeyond: environmental, societal and personal health, economic, and data privacy.

The pilot contributes tenvironmental sustainability through the reduction of energy consumption, resource
wastage and enhancing r¢iahe edge processing capabilities. The KeVs under this domain include energy
efficiency and processing responsiveness. The KVIs measure operational aspects such as emexieggs
consumption, utilization efficiency in fagdge nodes, and reductions in communication latency. Performance
is measured throughPI#2.5.1 achieving a 20% reduction in daily energy consumptiarfragal Al and edge
processing. In additigiKP1#2.5.2measures the communication latency at the edge with a goal of staying below
100 milliseconds, highlighting improvements in processing speed (20% less memory utilisation) and service
resilience (90% increase in recovery time).

Societal sustainabilityfocuses on improving the health, wbking, and productivity of employees within
smart building environments. Also, the domain of Personal health and protection from environmental hazards
is addressed by the same KeVs, KVIs and KPIs. This includes mgsiriquality, minimizing healthelated
workplace disruptions, and supporting a balanced working environment. The KeVs include reduced health
incidents, maintaining air quality, and deploying health monitoring systems. KVIs trairicsnsuch as an
improvement in air quality, decreases in disruptions, health monitoring index, CO2 emission cuts, and
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improvements in productivity. Thigot adoptsKPI1#2.5.1 from the environmental sector, citing once more the

20% energy consumption drop. Besidé®|#2.57ensur es air quality by rest
below 600 ppm, a threshold compatible with health safety policie&Bi#P.5.8 assessingevenAl models
deployment during the trial to ensure adaptive and intelligent monitoring of the environment.

KeV as KeV as Use case KVIs KPIs Target Achieved
criterion and outcome
goal Value
Environmental | KeV1: KVI1: KPI#2.5.1: Energy | 20% YES
sustainability | Reduce Working area use reduction reduction of
(Addressing energy energy (kW/h), using the daily
SDG#13: consumption | consumption frugal AT and real- | baseline
Climate ' and resource KVI2: time processing in | consumption
. wastage - aerOS instead than
Action) Efficient ;
resource in the cloud
KeV2: .
utilization in
Accurate and far-edge nodes
quick edge &
processing KVI3:
Reduction in KPI#2.5.2: Edge E2E latency | YES
Stakeholder: communication | Processing and IoT | <100
Smart latency performance gains, | milliseconds
Buildings, by evaluating the
Employers performance
Effect on: characteristics of
Environment the solution
Societal KeV1: KVI1: KPI#2.5.1: Energy | 20% YES
sustainability | Reduced Improvement use reduction reduction of
(Addressing health of air quality (kW/h), using the daily
SDGH3: Good incidents in KVI2: frugal AT and real- | baseline
Health and workplaces Reduction  in | M€ processing in consumption
. aerQS instead than
Well-being, KeV2: workplace 1 the cloud
SDG#11: Maintain air disruptions 1 the clot
S}tlgtalgable quality levels KVI3:
eries .. KeV3: Measure and
Communities) .
Reduce monitor a
energy Health index
consumption | for the
Personal and resource | employees KPI#2.5.7: Max CO2 YES
health and wastage Improvement of air | lower than
protection KVi4: . quality 600 ppm
from harm KeV4: Re(?luc?tlon CcO2
. emissions and
Employ
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(Addressing health energy KPI#2.5.8: 6 models YES
SDG#3: Good | monitoring consumption Number of Al
Health and measures models used in the
X KVIS: .

Well-being, . . trial

Stakeholder: | Improve
SDG#13: Employees employees’
Climate ploy % S;V b
Action) Effect on: g::gv}lc;;gl;y y

2?;‘;2 » State balanced and

g health working
environment
Economical KeV1: KVI1: Cost- KPI#2.5.1: Energy | 20% YES
sustainability | Operational effective use reduction reduction of
and cost energy usage (kW/h), using the daily
innovation efficiency. KVI2: frugal AT and real- | baseline
. A T time processing in | consumption
(Addre‘:ssmg KeV2: Scalabllllt‘y and aerOS instead than
SDGS: Decent | Low-cost adaptability :
" s i the cloud

‘Work and scalability KVI3:
Economic and 0 tim'ized KPI#2.5.4: Service | 99.99% in YES
Growth) expandability se& ice Availability the service

KeV3: deployment wmdo.w of

D . operations

'ynamic

"‘;01"1‘??“31"“ KPI#2.5.5 Service | < 10min | YES

ot avarlable Creation/Scalability | end-to-end

resources

Stakeholder;

Smart

Buildings, KPI#2.5.6: 2 YES

Employers Services directly

managed by the
Effect on: aerOS orchestrator
Process

Privacy and KeV: Robust | KVI1: End-to- | KPI#2.5.2: Edge E2E latency | YES
confidentiality S End security in | processing and IoT | < 100
authentication . o

. data performance gains, | milliseconds

(Addressing and . .
transferring by evaluating the

SDG #16: T .
authorization | and processing. | performance

Peace, Justice e
- characteristics of
& Strong mechanisms the soluti
Institutions) for the ¢ solution
IoT
ecosystem KPI#2.5.3: 2 YES
Stakeholder: Number of aerOS
Smart VNFs integrated in
Buildings, the 5G network
Employers
Effect on:
Process

Economic sustainabilityfocuses on creating operational efficiency, scalability, and coordination of resources
in operations within buildings. KeVs in this domain are focused on enablindogosiperations, enabling
seamless scaling of services, and making deployment of dsgitalces simple. The KVIs are all relevant to
energy saving, flexibility, and maximized service orchestration. Along with reukék2.5.1 on energy
efficiency, this category includdsP1#2.5.4 (target: 99.99% availability of servicejP1#2.5.5 (target:<10
minutes for deploying service), aldPI#2.5.6, which counts the number of services under direct control by the
aerQOS orchestrator with a target of three services autonomously managed.

Finally, Pilot 5 cover®rivacy and confidentiality domain by applying strong authentication and authorization
in the 10T environment. The benefit here is 4odnd security during data transfer and processing. Relevant
areKPI#2.5.2, sustaining latency of below 100 milli seconds in order to enable safe and timely data exchange,
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andKPI#2.5.3, ensuring the integration of three aerOS Virtual Network Functions (VNFs) into the 5G network.
These VNFs are contributing to as robust and secure network infrastructure.

From technical enablers perspective, Erevironmental and Economic sustainability can be addressed
through loTbased monitoring sensors, These sensors contribute to a dynamic and-efficegy
environmental managemerithese sensors monitor parameters such as temperature, occupancy, and power
consumption in redime, enabling realime energy optimization. This leads to dynamic energy management
and reduction of operational costs. That can have a direct impact ondosversgy consumption and wiser
utilization of resourcesHowever, accuracy must be a priority since the possibility of hardware errors,
environmental interference, or calibration errors may lead to inaccurate sensor readings, which could affect
decisionmaking processes.

The next technical enabler is aligned wilocietal sustainability as well as withPersonal health and
protection from harm. More specifically, calculating and continuously monitoring the Health Index of indoor
environments is very important to ensure employee-baitig. This involves collecting sensor data for air
quality, humidity, temperature etc. to determinethsui t abi |l ity of a workspace
metric, reflects the overall quality of the indoor environment with regard to huorafot and safety. By
combining i mportant environmental factors includi
easily comprehensible number between 0 and 100, this score contributes to the larger objective of encouraging
healthier and m@ energyefficient workplaces. This can lead to an improved workplace health antiened

since it can provide early detection of harmful environmental conditions. However incorrect alerts or missed
detections from health monitoring systems could |eafhlse alarms or a failure to act when intervention is
actually required.

Technical Enabler(s)

KeV as criterion and goal

Enabler(s) KVI

IoT-baszed energy-efficient
monitoring sensors

Environmental sustainabality

(Addressing 3DG#13:
Climate Action)

Economical sustamability and
innovation

{Addressing SDGE: Decent

Dynamic energy management and
reduces operational costs

Possibility of inaccurate sensor
readings due to hardware
malfunctions, environmental
interference, or calibration issues

Health and Well-being,
SDG£11: Sustainable cities &
Communities)

Work and Economic Growth)
Calculate and monitor the Societal sustamability Improves overall employes well-
Health Index of a working - . being through early detection of
environment (Addressing SDG=3: Good harmfil conditions

Incorrect alerts or missed
detections by health menitoring
zystems

Secure & trustworthy AT

Personal health and protection
from harm

{Addressing 3DG#3: Good

Health and Well-being,
SDG#13: Climate Action)

Compliance with workplace safety
regulations by providing auditable
and explainable Al-driven health
inzights

High investment required to
ensure Al systems are secure and
trustworthy

Utilization of 3G capabilities,
Wirtuzl Network Funetions
(VINFs for executing specific
security and privacy functions)

Privacy and confidentiality
(Addressing SDG #16: Peace,
Justice & Strong Institutions)

Improves connectivity, enabling
faster data transmission and
security protocols

Potential cyberattacks entry points
created by 5G-connected devices

In the context oPersonal healthand protection from harm, the development of an Al algorithm has been
conducted. This algorithm allows intelligent analysis of collected data and supports explainable -decision
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making for health and safety. Ensuring that there is a secure and trustworthy Al, which can make the choices
not only correct but also traceable, it is especially critical to ensure compliance with workplace safety
regulations in a compliant and transparesy. These attributes can provide assurance to stakeholders that
healthrelated interventions are based on explainable logic. The implementation of a trustworthy Al system may
come with high investment cost such as training data, cybersecurity, and sgitation.

Last but not least, from the network and connectivity perspective, 5G technology and Virtual Network Functions
(VNFs) can contribute to a stable, reliable and flexible connectivity in smart buildings. These networks and
components allow faster data transsin and support reime analytics at the edge. They can also enable
dynamic execution of security protocols as well as improve trust among the stakeholders, suppeaityg

& Confidentiality . Beside all these benefits, careful management of acertsls, encryption, and anomaly
detection is essential since 5G introduces a new attack surface since connected devices can aattaslkcyber
entry points.

Smart actuator systems are a vital connection between digital detialong and physical action. Stimulated

by Al, they enable redime autonomous responses to changes in the building environment e.g., ventilation,
lighting, or temperature control onetfbasis of sensor data. In that way, it maintains an indoor setting healthy
and adaptable without any intervention from humans. This system enabler servehebltth and
environmental goals by reducing energy waste and encouraging occupant safeguaoireyel it is possible

to have false alarms or detection failure in upstream health monitoring systems.

System Enabler

KeV as criterion and goal | Enabler KVI

Smart actuator systems to
implement Al-empowered
ad-hoc decision-making

Environmental
sustainability
(Addressing SDG=13:
Climate Action)

Personal health and
protection from harm

{Addressing 8SDG#3: Good
Health and Well-being,
S8DG=13: Climate Action)

Automation efficiency and responsiveness
in maintaining a healthy workspace

Falze alarms or missed detections in health
monitoring, leading to ineffective or
delayed responses

System E2E privacy and

Privacy and confidentiality

Eobust encryption and privacy-preserving

Management System

(Addressing SDG3: Decent
Work and Economic
Growth)

security (Addressing SDG #16: mechanisms, ensuring en_d—tc!-enr.i privacy
= and secure data flow, which iz critical for
Peace, Justice & Strong trust and 5
Institutions) Stand comphance
MNumber of security vulnerabilities exposed
by decentralized systems
Scalable and Cost- Economical sustainability Long-term cost savings and supports
Efficient Smart and mnovation flexible infrastructure expansion.
Infrastructure

Initial investment required for scaling up
new technologies or infrastructure.

To addressPrivacy and confidentiality, a secure entb-end system has been developed to ensure that
authentication, data transmission, and processing procedures are protected through robust encryption and
privacy-preserving mechanisms. Security and privacy are critical aspects in any d$ysteoilécts, processes,

and acts on personal or operational data. However, the number and severity of security vulnerabilities should
be evaluated and reported, particularly those introduced by decentralized anastéke edge computing.

Lastly, scalability and cosgfficiency are very important aspects, especially in case of achievingdong
Economic sustainability in smart building deployments. This system enabler supports the centralized

76



D5.67 Technical evaluation, validation and assessment report (2) =aer0s

orchestration and decentralized deployment of smart infrastructure services. The system has the ability to scale
effectively over time without exponential cost increases. However, upfront investments for platform setup,
hardware upgrades, and training t@nsignificant.
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8. Conclusions

Deliverable D5.G&oncludeghe validation and evaluation cycle of the aerOS projegrégentingll

evidence from the technical, operational, and impact assessments conducted in the frame of the last project
phase. Evidence from extensive crdgsnain testing and pilot deployments underlines that aerOS
successfully demonstrated the maturity and stiess of its Met®perating System approach for the Cloud
EdgeloT continuum. Coordinated and integrated validation activities across five pilots in manufacturing,
energy, agriculture, ports, and buildings confirmed that the aerOS framework enablgeiatslioy,

scalability, and secure orchestration across heterogeneous environments.

Technically, the platform reached or outperformed most of its KPIs in proving the capability of handling
distributed intelligence, ensuring trust and cybersecurity, while optimizingadge resource allocation.

Pilot-level KPIs further underlined theeftibility of the architecture by showing quantifiable benefits with
respect to operational efficiency, energy consump’
These were supplemented by the impact KPls, which showed that significant adwainicastbeen achieved

in dissemination, standardization, and industrial commitment, confirming the contribution of aerOS to

European digitatlomainand open innovation.

Analysis of the requirement coverage performed and the assessment of the Key Value Indicators provide good
proof of the alignment between originally set project objectives and results delivered. Indeed, practically all
technical and functional requirememisre met, hence underlining that the resulting aerOS solution is both
technicallyand industrially relevant. Results prove that aerOS is ready fordarje adoption and can serve

as one of the key foundational enablers for syexteration, federatednpa intelligent digital ecosystems in
Europe.Overall, the results presentitithis deliverablgrovide evidence for the project vision: designing a

unified intelligent and secure Me@S, which will be able to connect cloud and edge infrastructures in a
seamless way, enabling interoperability, efficiency, and sustainability across various sectors
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~Appendix A. Validation Activities

The following sections describe the last activities performed by each pilot. Aleligation activities Tincluding KPI$ and the pendinintegration activ-
ities, reported on the previous D5.4. Together with these activities, descriptions of the pilots and their scenarios can be found.

Pilot 17 Data-Driven cognitive production lines

Pilot 1 is divided into 4 Subilots (1.1, 1.2, 1.3 and 1.4) being the Business Process (BP) the part of the code that references it, hence BP1 f&FRilot 1
for Pilot 1.2, BP3 for Pilot 1.3, and BP4 for Pilot 1.4.

Demonstrates how aerOS turns four heterogeneous factory scenarios into one orchestrated, secure continuum that rengedonttedligdge, standardizes

live context with NGSILD, and enables resilient, multite operations. In P1.1, the drone line ¥y connected to aerOS to deliverrgéai me CO [/ PCF d e
footprint prediction beyond target for the two main product types, 100% product coverage, and model setup time collapsingté® to under a sec@nd

showing tangible gains in sustainabilitycadata transparency. P1.2 shifted metrology from manudait®mprocedures to remote, autonomous operation:
dockerized OP@JA services and seliecovery raised accuracy, cut programming time from ~10 days to just over two, and lifted throughput beyond fi
parts/ hour while maintaining secure access and a | ikveé | diogadfdatmalomdiBVisn o f
docking for wireless charging and coordination with redamh cell lifting availability to 96% and sage to 84% without major hardware changes. P1.4
extended optimization across sites via federated or odbys30.4%forthevalideedd s h a
flow. Collectively, Pilot 1 evidences measurabléngan sustainability, accuracy, efficiency, and productivity, validating aerOS as the connective tissue for
cognitive production lines.

PILOT 1 2024 2025

Name
Pilot 1.1- (Business Process 1)Green

Manufacturing and CO2 Footprint Moni-
toring
Setup & Procurement Activities
P1-BP1-SA1 | Stations identification for the trial

P1-BP1-SA2 | Hardware setup
P1-BP1-SA3 | Equipment configuration

.. elop - A -

P1-BP1-DA4 | Definition of IT architecture
Communication infrastructure develope
P1-BP1-DA5 | or adapted
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P1-BP1-DA6

APIs setup

P1-BP1-DA7

Software configuration / development

Integration Activities

Identification of place of deployment in

P1-BP1-1A8 current architecture
P1-BP1-1A9 Requirements definition for deploymen
P1-BP1-IA10 | Test energy data collection
Adjust equipment configuration accord
P1-BP1-IA11 | ing to first feedback
P1-BP1-IA12 | aerOS Basic components
P1-BP1-IA13 | aerOS Non Basic components
P1-BP1-IA14 | Dashboard creation with energy data
Integration of data analysis service for
P1-BP1-IA15 | reports and statistics creation
Creation of a future prediction of the
P1-BP1-IA16 | CO2 footprint for each product

P1-BP1-IA17 | Experimenting with GaiX services
Validation Activities \

VA23

P1-BP1-

VA18 Data quality verification
P1-BP1-

VA19 Digital Product Passport implementatig
P1-BP1-

VA20 Improvement activities
P1-BP1-

VA21 KPlIs validation
P1-BP1-

VA22 Qualitative validation
P1-BP1-

Evaluation and reporting

Pilot 1.2 - (Business Process 2)Automotive
Smart factory Zero defect manufacturing

Setup & Procurement Activities
Installation of control camera in the
CMM

P1-BP2-SA1

P1-BP2-SA2

P1-BP2-DA5

Installation of pressure sensor in the
CMM

Development Activities

Enable Softwardased control services
and 10T hub for collection and brokerin

for instrumentation information
Integration Activities

Validation Activities

_P18P21A6_| aeros Componerts | | | | | | | | | | | | | | | | | |
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aerOS

Remote configuration/setp of the
CMM instrumentation robotic and kine-|
P1-BP2-VA7 | matic configuration
P1-BP2-VA8 | Remote tactile operation of CMM
aerOS assist and optimize the process
P1-BP2-VA9 | Digital Twin creation
P1-BP2- Dynamic execution of metrology ser-
VA10 vices and Data assembling
P1-BP2- KPI 2.1.1: Production process accuracy
VA1l >10% baseline
P1-BP2- KPI 2.1.2: Digital service programming
VA12 time 2 days
P1-BP2- KPI 2.1.3: Dimensional quality control
VA13 productivity 5parts/hr

Pilot 1.3- (Business Process 3)Zero

Ramp-up safe PLC reconfiguration for Lot-

Setup & Procurement Activities

Size-1 Production

Procurement and setup of 2 robot arm

P1-BP3-SA3 | modules
P1-BP3-SA5 | Setup Tech Hall Network
P1-BP3-SA6 | Procurement camera for robot arm
P1-BP3-SA7 | Setup Al camera detection

Procurement and setup gripper for rob
P1-BP3-SA8 | arm

Development Activities \

P1-BP3-DA2 | AGV Fleet Manager

Device simplified programming over
P1-BP3-DA3 | low code tools
P1-BP3-DA5 | Siemens Industrial Edge configuration

P1-BP3-DA6 | Integration of TSN in a domain
Integration Activities

Custom LLO for Siemens Industrial

P1-BP3-1A2 Edge device

P1-BP3-1A3 Communicate domains using open ziti
P1-BP3-1A4 aerOS Basic components

P1-BP3-IA5 aerOS Non Basic components

Definition of data federatiofn and

P1-BP3-1A6 achieving such federation
Validation Activities

P1-BP3-VA1l | KPI 2.1.7 validation: AGV usage > 80 ¢
KPI 2.1.8 validation: AGV availability >
P1-BP3-VA2 | 95%
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Pilot 1.4 - (Business Process 4)AGV
Swarm Zero break-down logistics for Lot-

Size-1 Production

Setup & Procurement Activities \
P1-BP4-SA1 | Upgrade/Update POLIMI AGV

P1-BP4-SA2 | Definition of IT architecture with aerOS
Procurement and setup of Raspberry H
P1-BP4-SA3 | POLIMI

Procurement and setup of Raspberry H
P1-BP4-SA4 | MADE

P1-BP4-SA5 | Setup of Domain Infrastructure
Setup of Dedicated network for MADE
P1-BP4-SA6 | Domain

Development Activities \
Development/containerisation of overlg
P1-BP4-DI1 Order management application at MAD
Development/containerisation of overlg
P1-BP4-DI2 order management at POLIMI
Development of Synthetic order generg
P1-BP4-DI3 tor application

P1-BP4-DI4 Development of order backend persistd
Setting up POLIMI Side AGV Naviga-
P1-BP4-DI5 tion System

Development of AGV POLIMI side
P1-BP4-DI6 front end

Development of Communication Api bg
tween AGV Nav. And POLIMI Front
P1-BP4-DI7 end app

Development of Al model to optimize
P1-BP4-DI8 the number of valves

Integration Activities \
P1-BP4-1A4 aerOS Basic components

P1-BP4-1A5 aerOS Non Basic components
Integrate Applications With Orion Con-
P1-BP4-1A6 text broker

APIs acces provision for existing Or-
der/infrastructure management for
P1-BP4-1A7 MADE

Validation Activities N I I

P1-BP4-VAl | Validation of KPI12.1.9
P1-BP4-VA2 | Validation of KPI 2.1.10
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For subpilot 1.1, the activities carried out are related to the aerOSasic components, the integration of
data analysis service for reports and statistics creation, the data quality verification, the improvement activities,
the KPIs validation, theuglitative validation, and the evaluation and reportig. subpilot 1.2, the activities
carried out are related to the remote configuration/petf the CMM instrumentation robotic and kinematic
configuration, the remote tactile operation of CMM, tkeistance and optimisation of the process of Digital
Twin creation, and the dynamic execution of metrology services and Data asseidnlisgbpilot 1.3, the
activities carried out are related to the validation of KPIs 2.1.7 and BiaaBly, for subpilot 1.4, the activities
carried out are related the distributed order management across MADE and POLIMI domains, the AGV path
planner and navigation system, the Al/Ndased outsourcing model, the Edigst deployment of aerOS ser-
vices, the integration with OriebD and interdomain communication, andedtvalidation of KPIs 2.1.5 and
2.1.9.All of these activities will be described in detail below.

Green manufacturing (zero netenergy) and CO2 footprint monitoring

Pilot 17 Business Process il Activity - 13 (P:BP1-IA13): aerOS nonbasic components

The nonbasic components required for our pilot have been installed and are listed in the image below. These
components are part of the embeddedlyticstool necessary for the lortgrm storage of the data, function
deployment and dashboard visualization

VI n1-VirtualBox: $ kubectl get pod -n embedded-analytics-tool
$h READY  STATUS RESTARTS AGE
6b-vdv2j 1/1 Running 3@ (4h55m ago) 49d
gateway-5b 74-8 2/2 Running 184 (4h55m ago)
mygratana- 65— 1/1 Running 5 (4h55m ago)

mypush-prometheus-pushgateway-7954dd6575-52gpw = 1/1 Running 6 (4h55m ago)
7 1/1 Running 36 (4h55m ago)

1/1 Running 18 (4h55m ago)

7 1/1 Running 6 (4h55m ago)
queue-worker-76d96tdbb7-66z4w 1/1 Running 87 (4h53m ago)

The remaining nomssential components, such as -Seléling, Data Catalog, Trustworthiness Score, and
Benchmarking Tool, which we initially lacked, are now also installed and running.

= aer0S  penchmarking 3

TCP uoe

84



D5.67 Technical evaluation, validation and assessment report (2) =aer0s

= aer0S  Dpomain detail

] Description Public Url Cwner Entrypeint Stotus

T p—— This is the first exormple domain . .
Jeplaymen PliDomaint https:f/pil.nasertic.dev SIPEB Funetional
from SIPBE

Infrastructure elements:

Users Hostname Container Technology CPU arch CPU cores RAM copacity (MB)

servoepimall Kubernetes x64 4 33663

Eubermnates i 2 16767

Kubernetes x4 2 16767 0.32688552 Ready

Pilot 17 Business Process 1l Activity - 15 (PXBP1-1A14): Integration of data analysis ser-
vice for reports and statistics creation

TheDeepSeekR1 1.5B LLM modelf or data analysis and report gener
Meta OS system, deployed as an additional pod in one of aerOS domains (deployed over a Kubernetes cluster).
The goal of the reporting functiethat is used inside aerOS via the triggg of an Embedded Analytics Tool

(EAT) function is to support production optimization and the reduction of the overalf@@print.

The model takes productiaelated input data, such as macHieeel energy consumption and process param-
eters, and generates reports that highlight patterns of energy use and their impact on emissions. These report
are designed to provide actionable g, for example identifying which stations or drone types contribute
most to CO2 output and suggesting optimization strategies such as keeping higiratattmachines contin-

uously running while only activating others when needed.

However, the available hardware resources proved insufficient to achieve satisfactory performance with a lo-
cally deployed model, especially since much of the computing capacity was already occupied by other software.
For practical reasons, we thereforeided to adapt our approach and integrate cloased LLMs via API

instead.

The reporting service is now fully operational: i
existing dashboards. The reports provide tangible benefits, including anomaly detection and clearer attribution
of CO hot s p ot andprocess sieps Thik énablesfaseerntdéaisadisg within the production
facility, reduces unplanned downtime, and supports continuous improvement toward lower energy usage and
emissions.

Pilot 11 Business Process 1L Activity 19 (P1-BP1-VA19) - Data quality verification
Energy data completeness:

We verified that time series for each machine contain no missing timestamps and that recorded values fall within
plausible ranges based on machine specifications. The verification was conducted through automated con-
sistency checks and subsequently revieled technical expert.

CO / PCF prediction accuracy:

We assessed the quality of CO footprint predictic
with actuals and tracking accuracy over time. This aligns with our KPI 2.1.4 Accuracy of thio@@int
prediction (%), evaluated ordbr-order

Pilot 17 Business Process 1L Activity 20 (P1-BP1-VA20) - Improvement activities
Realtime data access & monitoring

We continuously optimized the dapgpeline code and migrated the prototype into our Kubernetes environment,
improving reliability, robustness, and maintainability of the running processes.
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Transparency & decision readiness:

I't is now possible to retrieve CO /PCF (Product
dashboards and APIs, which enhances greatly improved transparency and enables quickerbagield mte
cisions.

Pilot 17 Business Process il Activity 21 (P1-BP1-VA21) - KPIs validation

Check KPlIs section for more informati@®ectiond).

Pilot 17 Business Process il Activity 22 (P1-BP1-VA2) - Qualitative validation

Please refer to the KeVI analyg@isSection?.

Pilot 17 Business Process 1L Activity 23 (P1-BP1-VA23) - Evaluation and reporting

Check section 4.
Automotive Smart Factory Zero Defect Manufacturing

Pilot 117 Business Process P Activity 8 (P1-BP2-VA8) 1 Remote configuration/setup of the
CMM instrumentation robotic and kinematic configuration

The following images shows the configuration process and options of the RL Setup tool, which enables the

remote setup of the CMM Machines via the M3 Software. The configuration allows for the customization of
multiple options, from the instrumentation bétrobotic parts to the kinemalianovement related variabkgs
of the gages.

In particular the first image shows some the setup options, while the second depicts how the configuration is

attached to a certain machinén this case a CyberSpdrkand saved in the system.
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Configuration: CyberSpark AIC Al spark In Boroa TARGET VERSION : 2. Revision to edit

Machine: 101
1D 73

Parameter Description
¥ RobotLinkSrv Configuration for the RobotLink Server.
on P 030", "Bec

EXIT_NOCLIENT
ScanLinkCommand
DigitalInputOutput

DataAsm

Port in the format COMn

Some parameters of the Scanning Probe.
Events Define the sources of the external events.
DigitalInputs Digital inputs in the controller that can be used in programs.
DigitalOutputs Digital outputs in the controller that can be used in programs.

M3 RiSetup (v.1.2.3.0) - Available configurations at 127.0.0.1

D / Name Machine category 2 Modified & Author
v 510 i CMM - Coordinate Measuring Machine 10/0 6

Pilot 17 Business Process R Activity 9 (P1-BP2-VA9) - Remote tactile operation of CMM

aerOS MetaOS allows to remotely execute tactile operations of different CMMs. After setting up the machine
with its configuration, M3 and aerOS enable the metrologist to remotely control the movement of multiple axis
and tools attached of the gage. Théolwing images displays the virtual joystick for a Spark series model and
how the M3 user is able to easily control the CMM on the client premises emreal
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ystem Settngs Tools AboutM3

Coordinate System

ystem

123.0000
77.0000
T Nz -400.0000
Bl S @ e |
Y 0.0000

. - =

0.0000

 Virtual Joystick

On top of that, on the M3 platform is possible to switch to another machine from the available ones within the
AIC Lab, if the measurement specifications required it (e.g. higher speed, minimum accuracy, limited amount
of energy). This translates into awable ability to operate and sgpd in a flexible mannér all these indus-

trial services across the 10T and Edge domains.
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Project System Settings Tools  AboutM3

[
ystem

0.0000
-71.5625

0.0000

—
Virtual Joystick 0

Pilot 1 7 Business Process P Activity 10 (P1-BP2-VA10) i aerOS assist and optimize the
process of Digital Twin creation.

The HumarMachine Interface (HMI) communicates directly with the M3 software, receivingtirealdata

streams from various sensors integrated into the metrology setup. This data includes key operational metrics
such as compressed air pressure and flowpéegature, electrical current, and positional coordinates, among
others.

As shown in the image below, the physical gage is digitally mirrored through a Digital Twin that runs on top of
aerOSenabled computing continuum, providing a live, virtual representation of the machine. This enables con-
tinuous, remote monitoring of itsagtis and behaviour.

Through aerQOS, all the required services for data acquisition, processing, and synchronization are deployed
seamlessly across the edge infrastructure. These services ensure the consistent generation and delivery of th
data needed to maintain an accuraig esponsive Digital Twin of the CMMs.
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Figure 44: Pilot 1.2 HMI Digital Twin

Pilot 11 Business Process 2 Activity 11 (P1-BP2-VA11) i Dynamic execution of metrology
services and Data assembling

The Data Assembler plays a key role in enabling-ties@ metrology by collecting and organizing data from
multiple sources within the 10T layer. These sources include point cloud data, sensor readings, and machine
axis positions, among others.

This tool integrates sensor data with machine movement parameters to produce structured, actionable infor-
mation. By correlating spatial and contextual data, the Data Assembler transforms raw inputs into meaningful
outputs that support precise measuremerkfiows.

Thanks to this component, metrology services can now be executed irausemated manner, requiring only
minimal intervention from the metrologist. This significantly reduces the overall duration of measurement pro-
cesses by offloading repetitive andamttensive tasks that were traditionally handled manually.

Zero Ramp-up safe PLC reconfiguration for Lot-Size 1 Production

Pilot 117 Business Process BActivity - 1 (P1-BP3-VAL): KPI 2.1.8 validation: AGV availa-
bility > 95%

Before updating the AGVs via aerOS with the new docking skill, the following situation was the case:

AGVs had to be charged manually. This meant that someone had to actively monitor the AGVs and plug a
power supply into them whenever they were running low on power, as shown in the next figure. This process
was not only tedious but also required manuablabin addition, the installation and removal of the PSU
(power supply unit) took up time, which could neither be used for charging nor for other productive work. A
concrete example will be provided later in this document.
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It is automatically detected when an AGV requires to be charged. The aerOS system then will update the skill
of the AGV on the fly. After updating the AGVs via aerOS with the new docking skill, the following improve-
ments were achieved:

The AGVs are now able to charge autonomously. They can drive independently to a free wireless charging
station and dock onto it, as shown in the next figure. This marks a significant improvement because no human
intervention is necessary anymore, and metis wasted plugging devices into the AGVs. As a result, there is

a considerable increase in efficiency and productivity.

The introduction of the autonomous docking skill via aerOS has led to a major improvement in the charging
process and overall productivity of the AGVSs. In the previous setup, AGVs required about 2 hours of charging
per workday, plus roughly 30 minutes speraiting for someone to manually plug in or unplug the power
supply unit (PSU). Altogether, this meant that a maximum of 5.5 hourshpmrr&lay were left for productive
operationd equivalent to a 69% productivity rate.

With the new ordemand system, AGVs now require only around 20 minutes of charging per full workday and

no longer depend on human involvement. This allows them to operate productively for the remaining time,
resulting in a productivity level of 96%, whichpresents a 27% increase in daily productivity.

/ / After aerOS | Before aerOS

AGV Availability before / after aerOS

14% |

/‘ 6% il

25%

69%

96%

Productive = Charging = Waiting Plug/Unplug

Pilot 17 Business Process BActivity - 2 (P1-BP3-VA2): KPI 2.1.7 validation: AGV usage
> 80 %

Another skill added via aerOS is the ability to communicate with the mobile robotic arm workstations. These
stations can now transmit their desired location to the AGVs. As a result, it is now possible not only to move
boxes with the AGVs but also to relde the workstations themselves. The AGVs have thus gained an entirely
new group of tasks without any major intervention. Before gaining this new ability, they were often idle while
waiting for the next task, resulting in a usage rate of only 54%. Withrteely acquired tasks, they have now
increased their overall usage to over 84%, which represents a 30% increase.
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/ / After aerOS Before aerOS

AGV usage before / after aerOS

| B3
4 21%
10%
' 21%
30%
14%

21%

\ 21%
16%

169%
\~ 12%

12%

= Move hoxes A Move boxes B Move boxesC = MoverobotarmA = MoverobotarmB = Waiting = Idle

The new docking skill, which allows AGVs to autonomously approach and dock with charging stations, was
packaged as a Docker container. Using the aerOS framework, this containerized skill could be efficiently
transferred and deployed onto the AGVs. In thimy, aerOS acted as the bridge between the software
environment and the physical AGV platform, ensuring that the new skill was delivered in a standardized and
reproducible manner. This approach simplified deployment and provided a reliable foundatigaréoskill
updates.

Due to the improved charging of the AGVs, the productivity of the robotic arm stations has also increased. The
Siemens Fleet Manager, in combination with aerOS, are now able to control each AGV. Whenever a robotic
arm station needs to be relocated, onghefavailable AGVs automatically moves to the arm and transports the
station to its desired destination. Before the use of aerOS, it was not possible to coordinate the AGVs in this
way nor interact with the robotic arm cells. The switch to aerOS hasdteeresulted in a higher efficiency for

the AGVs and their usage within the flexible factory.

AGV Swarm Zero break-down logistics for Lot-Size' 1 Production

Pilot 1 7 Business Process #@ Activity - 1 (P1-BP4-VAL): Distributed order management
across MADE and POLIMI domains

The newly developed Order Manager applications at MADE and POLIMI were tested to validate their ability

to handle aggregated orders, reduce redundant AGV travels, and ensure optimized batch handling. Compared
with the legacy platform, aerOS enabled mofecieht order scheduling, achieving measurable reductions in
unnecessary AGV trips and idle time, the numerical results can be observed in (KPI 2.1.9)
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Order Management App
Waiting: 78 In Process: 1 Processed: 138
e e~ [
Current Order Batch
Order ID Start Time Quantity
2d79a0ac-3ef9-4ec8-8416-96ab55266536 2025-09-16T12:57:41.18580 4
Waiting List
Order ID Order Arrival Time Quantity
724353f2-3634-4680-bb4f-8003082325aa 2025-07-15T09:16:42.78979 4
da023e7a-2282-4a80-b8e1-9dd7c4d3bb96 2025-07-15T09:16:47.79284 4
1bb539¢9-837f-40c4-a51d-9b37falff2ee 2025-07-15T09:16:52.79600 4
18a185b2-292b-4706-8e49-bb54462406da 2025-07-15T09:16:57.79921 2

Pilot 17 Business Process #Activity - 2 (P1-BP4-VA2): AGV path planner and navigation
system

The ROSbased navigation system was validated within the POLIMI domain. Validation confirmed that AGVs
could reliably follow predefined linear paths with collision detection and stop mechanisms, ensuring
predictability and safety in a factory environmehie tests demonstrated the improved perceived safety of
AGVs compared to conventional dynamic obstaateidance methods.

localization_old_cam.rviz* - RVIZ

Eile panels Help

fteract 0" Move Camera Iselect FocusCamers  EoMeasre 2DPosefstimate  ~/20NavGoal ) Publish Point ¢ - =&

» © Global Options
Status: Ok

aserscan

() Time

Pause | Synchronization: | Off

* ROSTime: 1746026064.09 ROS Elapsed: 10303.24 Wall Time: 174602606412 Wall Elapsed: '10303.22

Reset 30fps

Pilot 17 Business Process # Activity - 3 (P1-BP4-VA3): Al/ML -based outsourcing model
TheAldr i ven outsourcing modul e was validated in sce

Prior to aerOS, functionality was being accomplished by a diased platform called LEA, the system was

quite rigid and would start the line as soon as a new order entered the system. This was quite inefficient in terms
of both energy and production eiency particularly the number of AGV travels. This was because the system
does not allow the combination of multiple orders. Therefore, even though the line is capable of handling a
batch of 5 valves, such combination was not feasible with the exisstensy

The model, based on random forest classification, correctly predicted outsourcing decisions with high reliability,
ensuring that POLIMI could take over orders dynami
and continuity in production elns.
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Pilot 1 7 Business Process # Activity - 4 (P1-BP4-VA4): Edgefirst deployment of aerOS

services

The experiment confirmed the successful migration of nearly all pilot applications to the edge, supported by
duatarchitecture containerization. Out of 13 deployed applications, 12 (92%) now run on edge nodes, while

only 8% remain cloudlependent.

Before aerOS | All Cloud based

Order Manager
After aerOS

@Context (MADE), Order Generator, Oritub (MADE),
MongoDB (MADE), OMMADE, ML Module, @Context
(POLIMI), Orion-LD (POLIMI), MongoDB (POLIMI), OM-
POLIMI, Button, AGV Path planner

NAME
eros—k8s-shim-6dc97f99cf-wf6h7
pi-gateway-krakend-bddf8899f-6bls7
ederator-5b57ff65df-dvkjr

hlo-allocator-8u478b9dU6—xnxw7

hlo-data-aggregator-7d89c786bb-vp9qf
hlo-deployment-engine-8698885U79-rr9t8
hlo-frontend-c9bfc8fb6-ngsqj
iota-api-7b76U7c5c9-k8275
iota-dashboard-69ff5cldccd-r9wsp
iota-hornet-qx1llp

lo-k8s-controllermanager-8u4b89b66f6-U6dL1 Running

orion-ld-broker-6u4fbubb8db-pqqjf
orion-1ld-mongodb-0
self-awareness—hardwareinfo-tnkz2

self-awareness—powerconsumptionamd6d-xbwjk Running

self-orchestrator-orchestrator-q5rnf

$ kubectl get pods

STATUS RESTARTS
Running
Running
Running
Running
Running
Running
Running
Running
Running
Running

(17d ago)
(16d ago)

(17d ago)
13 (5h7m ago)

58 (13m ago)
Running
Running
Running

0]
2
1
0]
0]
0]
0]
u
1
0]
1
0]
0]
0]
0]
il

Running (17d ago)

Pilot 1 7 Business Process # Activity - 5 (P1-BP4-VAS): Integration with Orion -LD and

inter-domain communication
The OrionrLD context broker was validated

as the backbone for semantic interoperability across MADE and
POLIMI. Tests confirmed that order and status entities were consistently synchronized between domains. This

validated interoperability and standardiziata exchange across the continuum.
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vvvvvvvvvvvvvvvvv

Pilot 17 Business Process # Activity - 6 (P1-BP4-VAG): KPIs 2.1.5 & 2.1.9

In order to calculate these KPI, POLIMI and MADE first ran the production line in baseline state to collect data
for baseline generation. In order to maintain the data storage modalities, the team also persisted this data to the
Orion-LD but in this casehie optimization was bypassed by creating a dedicated docker image where the orders
coming from the order generator are directly passed to the MADE LEA system without any changes or clubbing

of orders.

In the second phase the optimization was turned on. Again, in this case also all the production data like order
receive times, production start and end times etc. was captured insideLOri&mally, we used a Python
script to query all the data and sdkis in an excel format.
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For baseline case, it is possible to directly use the order quantity to calculate the average number of valves per

import requests
import pandas as pd
base_url = "htt
query_url = f"{base_url
headers = {

'Link':

ttp contex

ntities"

1e@e&g=productionStartTime!=\"timestamp\""

jsonld>; rel="htt

response = requests.get(query_url, headers=headers)

if response.status_code == 200:
entities = response.json()

print(f"Fetched {len(entities)} entities")

data = []
for e in entities:
row = {

"id": e.get("id"),
"type": e.get("type")
"creationTim
"orderQuanti
"orderStatus":

e.ge

"productionLocation":
"productionStartTime"
"productionEndTime":

"orderOutsourceTime":
"productReceiveTime":

"totalProductionTime": e.get("totalProductionTime

}
data.append(row)
df = pd.DataFrame(data
df.to_excel("orders , in
print/("Saved entities to orde
else:

creationTime",

e.get(

: e.get("orderQuanti
e.get("orderStatus”, {}) (
productionLocation", {

get

/alue”,

oy

nn

)

: e.get("productionStartTime",

e.get
e.get(

e.get("productR

dex=Fal
rs.x1 ﬂ

productionEndTime", {]
orderOutsourceTime",
Time",

;IJ

>

print(f"Failed to fetch entities: {response.status_code} {response.text}")

travel from the order quantity.

on-ld#conte

id | type ‘ creationTime herQuant‘ orderStatus | productionLocation productionStartTime Lu:‘tionEndTime
urn:ngsi- Order  2025-07-15T09:15:02.72154 3 COMPLETED INHOUSE 2025-07-24T15:00:33.83771 2025-07-24T15:02:21.59134
urn:ngsi- Order  2025-07-15T09:15:07.72709 4 COMPLETED INHOUSE 2025-07-24T15:06:25.41459 2025-07-24T15:06:29.91702
urn:ngsi- Order ~ 2025-07-15T09:15:12.73077 4 COMPLETED INHOUSE 2025-07-24T15:30:31.51322 2025-07-24T16:43:45.45476
urn:ngsi- Order  2025-07-15T09:15:17.73408 1 COMPLETED INHOUSE 2025-07-24T16:43:53.11679 2025-07-24T16:43:57.12166
urn:ngsi- Order  2025-07-15T09:15:22,73768 1 COMPLETED INHOUSE 2025-07-25T08:48:57.22498 2025-07-25T08:50:48.48880
urn:ngsi- Order  2025-07-15T09:15:27.74099 3 COMPLETED INHOUSE 2025-07-25T09:30:48.21704 2025-07-25T09:32:11.17062
urn:ngsi- Order  2025-07-15T09:15:32.74423 5 COMPLETED INHOUSE 2025-07-25T09:32:37.20559 2025-07-25T09:33:32.57106
urn:ngsi- Order  2025-07-15T09:15:37.74749 1 COMPLETED INHOUSE 2025-07-25T09:36:24.67774 2025-07-25T09:38:11.92750
urn:ngsi- Order  2025-07-15T09:15:42,75091 2 COMPLETED INHOUSE 2025-07-25T09:38:37.37148 2025-07-25T09:39:26.19308
urn:ngsi- Order  2025-07-15T09:15:47.75397 1 COMPLETED INHOUSE 2025-07-25T09:46:02.63968 2025-07-25T09:56:03.36188
urn:ngsi- Order ~ 2025-07-15T09:15:52.75704 4 COMPLETED INHOUSE 2025-07-25T09:56:06.69550 2025-07-28T14:05:03.70193
urn:ngsi- Order  2025-07-15T09:15:57.76029 4 COMPLETED INHOUSE 2025-07-28T14:34:41.81896 2025-07-28T14:55:34.81435
urn:ngsi- Order  2025-07-15T09:16:02.76350 5 COMPLETED INHOUSE 2025-07-28T14:55:36.60960 2025-07-28T15:19:20.84756
urn:ngsi- Order  2025-07-15T09:16:07.76672 2 COMPLETED INHOUSE 2025-07-28T15:19:23.09159 2025-07-28T15:33:27.93820
urn:ngsi- Order ~ 2025-07-15T09:16:12,77033 5 COMPLETED INHOUSE 2025-07-28T15:33:29.47599 2025-07-28T15:59:03.13694

For the Improved case, it was needed to first club the orders in which production start time and end time are
identical (meaning these were clubbed together) to create a new column showing the total number of valves
carried in a trip. Figure below showsmapshot of this process
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id <] type -] creationTime - lderQua - | orderStatus ~ |uctionl - productionStartTime ) productionEndTime -] totalvalves - b
urn:ngsi-lcOrder 2025-04-30T13:13:57.16143 1 COMPLETED INHOUSE 2025-06-27T09:47:39.11908 2025-06-27710:09:06.18381
urn:ngsi-lcOrder 2025-04-30T13:14:03.16462 1 COMPLETED INHOUSE 2025-06-27T10:09:08.19527 2025-06-27T10:26:57.36129 5
urn:ngsi-lcOrder 2025-04-30T13:14:09.16776 1 COMPLETED INHOUSE 2025-06-27T10:09:08.19527 2025-06-27T10:26:57.36129
urn:ngsi-lcOrder 2025-04-30T13:14:15.17105 1 COMPLETED INHOUSE 2025-06-27T10:09:08.19527 2025-06-27T10:26:57.36129
urn:ngsi-lcOrder 2025-04-30T13:14:21.17402 1 COMPLETED INHOUSE 2025-06-27T10:09:08.19527 2025-06-27T10:26:57.36129
urn:ngsi-lcOrder 2025-04-30T13:14:27.17701 1 COMPLETED INHOUSE 2025-06-27T10:09:08.19527 2025-06-27T10:26:57.36129
urn:ngsi-lcOrder 2025-04-30T13:14:33.18054 1 COMPLETED INHOUSE 2025-06-27T10:26:58.87503 2025-06-27T10:50:06.95755 5
urn:ngsi-lcOrder 2025-04-30713:14:39,18380 1 COMPLETED INHOUSE 2025-06-27T10:26:58.87503 2025-06-27T10:50:06.95755
urn:ngsi-lcOrder 2025-04-307T13:14:45.18711 1 COMPLETED INHOUSE 2025-06-27T10:26:58.87503 2025-06-27T10:50:06.95755
urn:ngsi-lcOrder 2025-04-30713:14:51.19043 1 COMPLETED INHOUSE 2025-06-27T10:26:58.87503 2025-06-27T10:50:06.95755
urn:ngsi-lcOrder 2025-04-30713:14:57.19460 1 COMPLETED INHOUSE 2025-06-27T10:26:58.87503 2025-06-27T10:50:06.95755
urn:ngsi-lcOrder 2025-04-30713:15:03.19773 1 COMPLETED INHOUSE 2025-06-27T10:50:25.06778 2025-06-27T11:12:58.50624 5
urn:ngsi-lcOrder 2025-04-30713:15:09.20092 1 COMPLETED INHOUSE 2025-06-27T10:50:25.06778 2025-06-27T11:12:58.50624
urn:ngsi-lcOrder 2025-04-30T13:15:15.20398 1 COMPLETED INHOUSE 2025-06-27T10:50:25.06778 2025-06-27T11:12:58.50624
urn:ngsi-lcOrder 2025-04-30T13:15:21.20715 1 COMPLETED INHOUSE 2025-06-27T10:50:25.06778 2025-06-27T11:12:58.50624
urn:ngsi-lcOrder 2025-04-30T13:15:27.21033 1 COMPLETED INHOUSE 2025-06-27T10:50:25.06778 2025-06-27T11:12:58.50624
urn:ngsi-lcOrder 2025-07-15T09:16:17.77406 2 COMPLETED INHOUSE 2025-07-28T15:59:04.53480 2025-07-28716:22:26.59346 4
urn:ngsi-lcOrder 2025-07-15T09:16:22.77711 1 COMPLETED INHOUSE 2025-07-28T15:59:04.53480 2025-07-28T16:22:26.59346
urn:ngsi-lcOrder 2025-07-15T09:16:27.78027 1 COMPLETED INHOUSE 2025-07-28T15:59:04.53480 2025-07-28T16:22:26.59346

Finally, from both these values, the average values are taken for both the conditions and then calculate the
reduction in terms of travels per valve. Which is reported in the following table. This same reduction directly
impacts the CO2 production.

Table 16: Pilot 1.4 Reduction directly impact the CO2 production.

Percentage

delta reduction
1.95238

-0.13141

Final Initial
4.95238 3

0.201923 0.333333

Parameter

Valves / travel

Travels / valves -39.42%

CO2 emissions

reductio

(K

glyear)

61,56

101,632

- 40,06

-39.42%

All the underlying data is available in both the OridD as well as the MADE LEA System and it is possible
to verify the same on request.
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Pilot 21 Data-Driven cognitive production lines

Pilot 2 has validated aerOS scheduling and federation with node pools araLisematic placement across edge and cloud for Earth Observation and energy
workloads, tracking gains in energy use, CPU efficiency, and job completion while proving a hatdekédthenitoring, autoscaling, certificates, storage,
CNI) on baremetal edge nodes.

Pilot 2 2024 2025

Name

Setup & Procurement Activities
Al- Obtaining servers and
P2-BP1-SA1 switches

A2 - Obtaining RACKs,
servers and switches for
P2-BP1-SA2 second container
A3 - Preparation for un-
P2-BP1-SA3 trusted workloads
Development Activities \- \ \ \
A4 - HW installation and
P2-BP1-DA4 run test in container
P2-BP1-DA5 A5 - K8s setup and test
A6 - HW installation and
P2-BP1-DA6 run test in the LAB
A7 - Containerized Edge
Node Integration with Elec|
P2-BP1-DA7 trum components
A8 - Containerized Edge
Node Integration with SRI-
P2-BP1-DA8 PAS components
A9 - Lab Edge Node Inte-
gration with aerOS compo-
P2-BP1-DA9 nents
A10 - Autoscaler monitor
P2-BP1-DA10 | Development
Al1l - Development of fu-
ture Energy Price micro-
P2-BP1-DA11 | Services
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P2-BP1-DA12

A12 - Development of DF
the data sources connecto

Integration Activities \

A10 - First Containerized
Edge Node Integration wit

P2-BP2-IA10 Electrum components

Al1 - First Containerized

Edge Node Integration wit
P2-BP2-1A11 SRIPAS components

A12 - Container deploy-
P2-BP2-IA12 ment

A13 - Container connectior|
P2-BP2-IA13 | to PV

A15- aerOS Basic compo-
P2-BP2-IA15 nents

Al6 - aerOS Non Basic
P2-BP2-IA16 | components

Al17 - Energy Price micro-
P2-BP2-1A17 services integration

A18 - Container deploy-
P2-BP2-1A18 ment in new location

A19 - Container connectior|

to PV (second green energ
P2-BP2-1A19 source)

A20 - aerOS Basic compo-
P2-BP2-1A20 nents(upto-date version)

A21 - Integration in the DF
p2-BP2-IA21 | the next data sources

Validation Activities \

A17 - First Containerized

p2-BP2-VA17 | Edge Node test
pP2-BP2-vVA18 | Al8 - K8s setup and test
A19 - Second Container-
P2-BP2-VA19 | ized Edge Node test
A20 - Both Containerized
Edge Node run test with
P2-BP2-VA20 | aerOS
A21 - HW installation and
P2-BP2-VA21 | run testin container

99




D5.61 Technical evaluation, validation and assessment report (2)

aerOS

A22 - Scenario 1 deploy-
P2-BP2-VA22 | ment and test

A23 - Scenario 1 lessons
P2-BP2VA23 | learned

A27 - KPI validation (1st
P2-BP2-VA27 | Vversion)
P2-BP2-VA28 | A28 - KPI validation (final)

Business Process 2 (Scenario 2pecure ‘

Federation of edge/cloud

Setup & Procurement Activities \

Development Activities \
Integration Activities

Al4 - Inter-cloud integra-

P2-BP2-1A14 tion

Validation Activities

A24 - Configuration Vali-

P2-BP2-VA24 | dation test

A25 - Scenario 2 deploy-
P2-BP2-VA25 | ment and test

A26 - Scenario 2 lessons
p2-BP2-VA26 | learned
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Pilot 27 Business Process 1L Activity - 17 (P2BP1-VAL17): First Containerized Edge Node
test
Power and temperature parameters were checked and successfully verified.

e D

@RS SSme s S
GBS oSS Saes
R S R s s a

L ORgeggEseSaes
FReTEeESBR S S
SRSy

SOSVI/DES S

Pilot 27 Business Process il Activity - 18 (P2BP1-VA18): K8s setup and test

K8s installation was verified as a stable installation for both clusters. All nodes set up as workers joined the
appropriate cluster thanks kabeadnmand aerOS flexibility with correct name and parameters. There were no
connectivity issues beteween the nodes in each cluster. Load balancer services (including ingress) deployed in
edge clusters are accessible in cloud/entrypoint cluster.

Below picture shows an example of aerOS Meta OS validated (properly functioning and deploying expected
workloads) in the cluster. Fields to note are nanmmsed on hostname configured for seraeros.cloud-

ferro.com/nodepool=aeroséomputdabeli identifier of node kind for purposes of autoscaling, and ProviderID
field 1 used to identify node in ironic service (which is responsible for provisioning servers and managing their

powerstate in response to autoscaler decisions).
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[Annotations: voli r o/nodeid: {"rbd.csi.ceph.com":"aerosl-compute0@1"}
o/ttl: @
s.io/controller-managed-attach-detach: true
CreationTimestamp: Thu, 14 Aug 2025 16:14:00 +8200
Tai

sitionTime Reason

CiliumI
Kubelet| icientMemory
<Pressure kubelet
5 , 17 Sep 2025 21 8200 { cientPID kubelet
Mon, 22 Sep 2025 13:20:03 +0200 , 17 Sep 2025 21 6 +0200 Kubelet! kubelet is ting ready status. AppArmor enabled

16.16.4.124
aerosl-compute8dl

1 230058748Ki
0
0
263995252Ki
110

48

1 212022141806
0
0
263892852Ki
110

atbab4855c4b453c89e38efB8b6Taach
System UUID: 00000000-0000-0000-0000-aclfeb65f2ea
Boot ID: ee77cc26-cffl Se-6c877316ecéa
i 5.15.0-153-ge

Opera
Architecture:
Container Runtime Version:
Kubelet Versi
Kube-Proxy Version:
ProviderID: X algrpc://196119cf-14c8-4cc3-93b2-bffbab28987b

Pilot 2 T Business Process 1 Activity - 19 (P2BP1-VA19): Second Containerized Edge
Node test

Power and temperature parameters were checked and successfully verified in the testing environment. Testing
was conducted in the LAB environment because there was an accident with a car crashing the container.

Pilot 21 Business Process 1l Activity - 20 (P2BP1-VA20): Both Containerized Edge Node

run test with aerOS

aerOS component listed in installation guide are installed in entrypoint (cloud) and other (edge) domains. Ser-
vice Component is successfully scheduled through management portal which resulted in corresponding pod
starting on one of the servers in one & tlodes. This works for both edge nodes.

After changes to LLO and introduction of autoscatemitor it is possible to create Service Components with
nodepools as target IESn such case scheduling within a nodepool/domain is done bydaktseiuler.

Edge domains have been federated with entrypoint domain and are visible in management portal. They can also
be queried from krakend API gateway.

Pilot 2T Business Process L Activity - 21 (P2BP1-VA21): HW installation and run test in
container

The containers were installed on CF site. Second batch of hardware was mounted and connected inside.
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Pilot 21 Business Process L Activity - 22 (P2BP1-VA22): Scenario 1 deployment and test

Hardware (metal containers with PV power source) and software (aerOS components) environments are pre-
pared.

Pilot 27 Business Process il Activity - 23 (P:BP1-VA23): Scenario 1 lessons learned

Gained handsn experience with Kubernetes as a container orchestration tool, including cluster setup and au-
tomated persistent storage allocation. Learned how to configure servicedNgsimgngress Controller for

internal communication. Developed and deploetin manifeststo define and manage application resources
declaratively. Improved understanding of service configuration, device monitoring integration, and overall Ku-
berneteshased infrastructure management.

Understanding of all components and tasks required for setting up a containerized private site, including cooling,
power supply, fire protection, and racks suitable for containers.

Pilot 27 Business Process L Activity - 27 (P2BP1-VA27): KPI validation (15t version)

The KPI definitions had been completed and the specifications for measuring them had also been finished.
However, the validation (measuring the values) was still pending because the installation of all aerOS compo-
nents was required. Results of this proaddsPI validation can be observed in Sectdband AppendixC of

this deliverable.

A version of management portal allowing scheduling in semomatic mode was installed. This feature was
necessary to test most of Pilot 26s KPls. WorkI oa
IEs. In this case, these selected Vi&suld be nodepool IEs. Such scheduling would make aerOS choose an
appropriate domain for the workload and kidmheduler would handle scheduling inside each domain.

With semitautomatic functionality of aerOS validated, Pilot 2 team was able to proceed with KPI validation.
We prepared Earth Observation data workloads and deployed them through aerOS. We specified aerosl anc
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