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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 from setup, 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 Meta-OS capabilities. Pilot KPIs 

were defined in five domains: Smart Manufacturing, Renewable Energy Edge Continuum, Cooperative Mobile 

Machinery, Smart Ports, and Sustainable Buildings. Several achieved around 92% success, demonstrating the 

adaptability and efficiency of the platform in different environments. Impact KPIs are strong 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. In general, D5.6 validates aerOS as a mature, cross-domain, and value-driven 

Cloud-Edge-IoT continuum solution ready for large-scale adoption.  



D5.6 ï Technical evaluation, validation and assessment report (2) 

 

17 

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 from real-world pilot 

implementations. Building on previous deliverables (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: 

¶ Section 2: Results of setup, integration, and validation across all pilots, 

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

interoperability, 

¶ Section 4: Validation of pilot KPIs measuring operational efficiency, sustainability, and scalability, 

¶ Section 5: Analysis of impact KPIs on dissemination, exploitation, and standardisation, 

¶ Sections 6ï7: Detailed requirements coverage and final Key Value Indicator analysis. 

1.1. Deliverable context 
Table 1: Deliverable context 

Item Description 

Objectives 

The main objective of Deliverable D5.6 is to present the final results of the aerOS validation, 

technical evaluation, and performance assessment activities. It consolidates the evidence 

gathered from pilot deployments, verifying the successful integration and operation of the 

aerOS architecture and its components across diverse industrial and societal domains. 

Furthermore, it measures the achievement of technical, pilot-specific, and impact KPIs to 

demonstrate the effectiveness, scalability, and sustainability of the aerOS Meta-OS solution. 

Work plan  

The work plan followed a structured approach that built upon previous deliverables (D5.2, 

D5.4, and D5.5). It included: (1) completion of the technical integration and deployment 

activities across all pilots, (2) execution of the validation plan and KPI measurement 

framework, (3) analysis of requirement coverage and overall system maturity and (4) 

assessment of results through Key Value Indicators (KeVIs). 

Milestones 

There are not any specific milestones associated to the delivery of D5.6. However, it 

contributes to the achievement of: 

¶ MS 2 Use cases and requirements 

¶ MS 3 Components defined 

Deliverables 

The deliverables that are related with D5.6 are: 

¶ D5.2 - Integration, evaluation plan and KPIs definition (2) - (M18) 

¶ D5.5 - Technical evaluation, validation and assessment report (1) - (M24) 

¶ D5.4 ï Use cases deployment and implementation (2) - (M37) 

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 present first the validation and evaluation 

outcomes of the aerOS project in an evidence-based 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 KeVIs that will jointly prove the 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 pilots. Then, Sections 3 to 5 detail the 

technical, pilot, and impact KPIs analyses, respectively. Moving on, Section 6, focuses on the system 
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requirements coverage, drawing a direct relationship between the validation results and the project objectives. 

Section 7 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 every pilot. Finally, Section 8 

provides a summary of the the results of all these efforts and the conclusions, offering 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, providing an additional two months to maximize project impact, fully 

achieve and even surpass the objectives and KPIs, and ensure high-quality reporting.  
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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 1.1 ð Green manufacturing & CO  footprint 

The SIPBB ñLighthouseò drone line was reconfigured in early 2025 (several stations rebuilt), which affected 

the original asset plan and shifted effort toward integration on the updated line. 

Architecture actually deployed. A Raspberry Pi (Node-RED) collects station data at the edge; a ProLiant 

MicroServer hosts two VMs forming a Kubernetes cluster where aerOS services run; Orion-LD receives the 

station data. The Edge-vs-Cloud table shows the move from manual API pulls to managed 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 document Node-RED ingestion, Orion-LD state, 

and long-term storage (Prometheus/PostgreSQL). 

Dashboards & outcomes. Dashboards visualize per-order carbon footprint and energy consumption; aerOS 

ñbasicò and ñnon-basicò components are listed as installed for this pilot. 

DPP & compliance activities. The team built a Digital Product Passport data trail: component classification 

(supplied vs in-house), logistics footprint estimation, packaging, and total footprint calculation for each drone. 

They also experimented with the Gaia-X Wizard for credential issuance/signing. 

Pilot 1.2 ð Automotive smart factory zero-defect 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. 

The final architecture  comprises three domains: (1) Entry (Keycloak/OpenLDAP, gateway), later moved to 

Innovalia; (2) Innovalia Metrology domain with CMM-adjacent edge IEs; and (3) M3 Software domain for 

metrology operations. Communication uses the OPC-UA RobotLink Server; CMMs are linked to the edge 

infrastructure (no direct HLO on machines). 

Standardized machine access. A dockerized RLOPC service exposes machine parameters and methods over 

OPC-UA for aerOS/M3/HMIðdocumented screens list real-time attributes (positions, speeds, probe angles, 

energy values). 

aerOS components & Ops. Screens 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. The Edge-vs-Cloud table documents the 

shift of execution/control from cloud to edge with Self* modules and OPC-UA 

Pilot 1.3 ð Zero Ramp-up Safe PLC Reconfiguration 
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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 

VPNs. Industrial Edge services now execute vision and data collection locally on SIMATIC IPCs, in line with 

Siemensô data policies. 

Shop-floor 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 behavior-tree (BT) workflow drives orders Ÿ asset relocation Ÿ 

sorting Ÿ opportunistic charging; aerOS handles container lifecycle (deploy/start/stop) for skills like 

navigation, lift, safety, ROSïTIA bridge. 

TSN lab and zero-trust connectivity. SoCe MTSN switch with IPC + Raspberry Pi nodes; OpenZiti overlay 

links the TSN lab and primary aerOS domain; management/federation deployed (basic + non-basic components; 

Docker/NATS LLOs). 

Federated secondary domain. NASERTIC configured as secondary for resilience/data-residency; Federator 

sync via OpenZiti entrypoints. 

Pilot 1.4 ð AGV Swarm, Zero Break-down Logistics 

Multi -domain pilot stood up. aerOS entry/management visible across the pilot continuum; network and 

domain infrastructure prepared (MADE dedicated network; single-node K3s + Raspberry Pi 5 at 

MADE/POLIMI). 

Order-to-execution flow integrated. Order-manager apps (MADE & POLIMI) containerized with dual-arch 

images and registered in aerOS; NGSI-LD entities in Orion-LD enable order state and event sharing; a synthetic 

order generator supports end-to-end tests. 

AGV navigation stack validated. ROS Noetic with AMCL localization, global planner, RPLIDAR, RViz 

monitoring; web AGV-Commander + Flask API bridge to ROS; end-to-end test from order creation to AGV 

mission confirmed. 

Pilot 2 ð Green Edge Processing 

Dual-site IE deployment. Two edge nodes on-prem with Kubernetes; central management on CloudFerro. 

Electrumôs SCADA/IoT backend is connected; PV and RDHx cooling telemetry streams into Orion-LD. 

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 placement. Computationally heavy cloud-mask processing kept in the cloud to balance CPU/GPU, 

while price forecasting, PV, and RDHx analytics execute at the edge. 

LLO improvements and security. LLO patched for nodepool IE selection; semantic annotator/translator 

removed in favor of Data-Fabric connectors; (Kata) runtimeClassName limitations noted for future hardening. 

Pilot 3 ð 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 4 ð Smart EU Port  

Predictive maintenance live. Data acquisition from Siemens S7-1500 (STS) and Omron CS1G (straddle 

carriers) via Siemens IoT2050 gateways (Node-RED); 4G backhaul; EUROGATE domain server aggregates 

and orchestrates; EntryPoint moved to AWS and linked by site-to-site 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. Regarding Continuum integration & security , Port entrypoint and domains 

visible in the management portal; EAT and WireGuard overlay configured to traverse CG-NAT and secure east-

west traffic. 

Pilot 5 ð Energy-Efficient, Health-Safe Smart Buildings 

End-to-end smart-building loop closed. Two aerOS domains (Entry + Main) with KubeEdge at far-edge; IoT 

backend and Home Assistant containerized; actuator controls HVAC/air-purifier/dehumidifier from 

optimization targets. 

AI + Optimization + Recommender integrated. Health Index and Environmental Forecasting (XGBoost) 

publish to Orion-LD; an Energy-Efficiency regressor complements the stack; an optimizer computes target 

room conditions; a rule-based desk Recommender (Docker+Helm) serves the GUI over MQTT/NGSI-LD. 

Data Fabric as the backbone. 11 IoT data products defined; Forecasting, Optimizer, Recommender, and GUI 

are all wired through the Data Fabric/Orion-LD; real-time user flows (presence Ÿ recommendation) 

demonstrated. 

Scenario 2 ð 5G security extensions. OpenCAPIF 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 following tables summarize the last activities performed by each pilot and their results. All the Validation 

activities ïincluding KPIsðand the pending Integration activities, reported on the previous D5.4. Together 

with these activities, descriptions of the pilots and their scenarios can be found. Appendix I includes descriptions 

of the pilots and their scenarios, and complete activity reports, divided by pilots, sub-pilots and activities. 

 

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

different sub-pilots of aerOS Pilot 1. The table describes the activity code, its name and a brief summary of the 

results obtained. 

 

Table 2: Activities carried out by Pilot 1 

Pilot 1 - Data-Driven cognitive production lines 

Pilot 1.1 - Green manufacturing (zero net-energy) and CO2 footprint monitoring 

P1-BP1-IA13: aerOS non-basic components All non-essential aerOS components required by the 

pilot have been successfully installed 

P1-BP1-IA14: Integration of data analysis service for 

reports and statistics creation 

The LLM model was tested in SIPBB systems 
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P1-BP1-VA19: Data quality verification The completeness of the time series was verified, and 

the values were found to be within their range. The 

CO  footprint predictions were evaluated and 

compared with the actual values 

P1-BP1-VA20: Improvement activities Data flow has been optimized. CO2/PCF data for 

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 This section refers to the final evaluation of the pilot 

(if any) and the reporting / documenting of our 

activities in D5.4 and D5.6 

Pilot 1.2 - Automotive Smart Factory Zero Defect Manufacturing 

P1-BP2-VA8: Remote configuration/set-up of the 

CMM instrumentation robotic and kinematic 

configuration 

The configuration has been successfully completed 

P1-BP2-VA9: Remote tactile operation of CMM The movement of multiple axes and tools connected 

to the gauge can be controlled remotely 

P1-BP2-VA10: aerOS assist and optimize the process 

of Digital Twin creation 

The physical gage is digitally reflected through a 

digital twin running on an aerOS-enabled computing 

continuum 

P1-BP2-VA11: Dynamic execution of metrology 

services and Data assembling 

Metrology services can now be executed in a semi-

automated manner, requiring only minimal 

intervention from the metrologist 

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

P1-BP3-VA1: KPI 2.1.8 validation: AGV 

availability > 95% 

The AGVs are now able to charge autonomously 

P1-BP3-VA2: KPI 2.1.7 validation: AGV usage > 80 

% 

The productivity of the robotic arm stations has been 

increased 

Pilot 1.4 - AGV Swarm Zero break-down logistics for Lot-Size-1 Production 

P1-BP4-VA1: Distributed order management across 

MADE and POLIMI domains 

aerOS has enabled more efficient order scheduling, 

achieving measurable reductions in unnecessary 

movements of automated guided vehicles (AGVs) 

and downtime 

P1-BP4-VA2: AGV path planner and navigation 

system 

ROS-based navigation system was validated within 

the POLIMI domain 

P1-BP4-VA3: AI/ML -based outsourcing model The model correctly predicted outsourcing decisions 

with high reliability, ensuring that POLIMI could 

take over orders dynamically 

P1-BP4-VA4: Edge-first deployment of aerOS 

services 

92% of deployed applications now run on edge nodes 

P1-BP4-VA5: Integration with Orion-LD and inter-

domain communication 

The Orion-LD context broker was validated as the 

backbone for semantic interoperability across MADE 

and POLIMI 

P1-BP4-VA6: KPIs 2.1.5 & 2.1.9 Please refer to the KPIs section 

 

The table below provides a summary of the most recent activities conducted by Pilot 2, including the activity 

code, its name, and a brief overview of the results achieved. 

 

Table 3: Activities carried out by Pilot 2 

Pilot 2 - Data-Driven cognitive production lines 

P2-BP1-VA17: First Containerized Edge Node test Power and temperature parameters were checked and 

successfully verified 
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P2-BP1-VA18: K8s setup and test K8s installation was verified as a stable installation 

for both clusters.There were no connectivity issues 

beteween the nodes in each cluster 

P2-BP1-VA19: Second Containerized Edge Node 

test 

Power and temperature parameters were checked and 

successfully verified in the testing environment 

P2-BP1-VA20: Both Containerized Edge Node run 

test with aerOS 

The activity has been successfully validated 

P2-BP1-VA21: HW installation and run test in 

container 

The containers were installed on CF site. Second 

batch of hardware was mounted and connected inside 

P2-BP1-VA22: Scenario 1 deployment and test Hardware (metal containers with PV power source) 

and software (aerOS components) environments are 

prepared 

P1-BP1-VA23: Scenario 1 lessons learned Experience has been gained and lessons learned in 

relation to Scenario 1 

P2-BP1-VA27: KPI validation (1st version) The KPI definitions had been completed and the 

specifications for measuring them had also been 

finished 

P2-BP2-VA24: Configuration Validation test Validation tests were conducted: network 

connection, overall health checks 

P2-BP2-VA25: Scenario 2 deployment and test The deployment and tests have been carried out 

P2-BP2-VA26: Scenario 2 lessons learned Experience has been gained and lessons learned in 

relation to Scenario 2 

 

The following table outlines the latest activities performed by Pilot 3, detailing the activity code, its name, and 

a concise summary of the outcomes. 

 

Table 4: Activities carried out by Pilot 3 

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

improve CO2 footprint  

P3-BP1-VA1: KPI validation (Lab) Please refer to the KPIs and Appendix I sections 

 

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. 

 

Table 5: Activities carried out by Pilot 4 

Pilot 4 - Smart edge services for the Port Continuum 

P4-BP1-VA1: Data acquisition Different testbenches have been performed for the 

verification of data acquisition from the different data 

sources 

P4-BP1-VA2: Data Storage Two parallel NoSQL databases have been used for 

data storage 

P4-BP1-VA3: STS and Straddle Carriers AI model 

inference verification 

The different AI-based models have been verified on 

STS and Straddle Carriers real time maintenance 

P4-BP1-VA4: aerOS entrypoint domain ï 

EUROGATE domain communication 

Proper communication between two of the pilot 

domains (from the entry point to the EUROGATE 

domain) has been verified 

P4-BP2-VA1: Video storage The video streams captured by the IPTV cameras are 

properly recorded and stored for further used as 

datasets on CV models training 
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P4-BP1-VA3: aerOS entrypoint domain ï CUT 

domain communication 

Proper communication between two of the pilot 

domains (from the entry point to the CUT domain) 

has been verified 

 

The table that follows summarizes the recent activities of Pilot 5, listing the activity code, its name, and a brief 

description of the results obtained. 

 

Table 6: Activities carried out by Pilot 5 

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

P5-BP1-VA25: End-to-End Demonstrator (Seating 

Recommendation) 

The validation scenario has been demonstrated 

through several sequences of activities 

P5-BP1-VA26: Pilot Services Created, Managed and 

Operated by aerOS Orchestrator 

This validation activity evaluates the KPI 2.5.6. 

Please refer to the KPIs and Appendix I sections 

P5-BP1-VA27: Energy use Reduction This validation activity evaluates the KPI 2.5.1. 

Please refer to the KPIs and Appendix I sections 

P5-BP1-VA28: Edge Processing Performance Gains This validation activity evaluates the KPI 2.5.2. 

Please refer to the KPIs and Appendix I sections 

P5-BP1-VA29: Service Availability within the 

aerOS IE 

This validation activity evaluates the KPI 2.5.4. 

Please refer to the KPIs and Appendix I sections 

P5-BP1-VA30: Service Creation / Scalability This validation activity evaluates the KPI 2.5.5. 

Please refer to the KPIs and Appendix I sections 

P5-BP1-VA31: Improvement of Air Quality This validation activity evaluates the KPI 2.5.7. 

Please refer to the KPIs and Appendix I sections 

P5-BP2-VA1: 5G E2E deployment validation with 

VNFs over aerOS (UERANSIM) 

A new NEF capability has been integrated and 

implemented through aerOS in the edge domain 

P5-BP2-VA2: Access Control based on established 

RBAC Rules 

It has been confirmed that the RBACs integrated into 

aerOS effectively enforce the defined policies across 

the entire continuum 
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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 been built 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. 

 

Figure 1: Success rate of technical KPIs per field 

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 IoT applications about 4.6 seconds (KPI 

1.1.1), with a 100% consistency of deployment compared to app blueprints (KPI 1.1.6) was achieved 

thanks to the implementation of up to 37 Open-source 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 (KPI 1.1.4) 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 awareness. Their use among the different pilots in the project was proved by deployment into 

69 old equipment units that were turned on actionable aerOS nodes (KPI 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 supported data pipelines (KPI 1.2.1) and semantic 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 also for its holistic CEI 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 has been shown during the project lifetime that the 3 data 

models already implemented are more than enough for the distributed cloud-edge-iot 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 (KPI 1.2.9). 

3. aerOS service fabric field was overviewed with 5 different KPIs, all of them fulfilled. It has 

incorporated more than 100 aerOS services (KPI 1.3.2), including 6 VNF/NetApps to improve 

performance and self-* network reconfiguration (KPI 1.3.1), allowing at least 4 service components can 

be run in different domains although they form part of a single functional service (thanks to aerOS 

network components in KPI 1.3.4), and running along 7 different access network type, including LAN, 

WiFi, 4G, 5G, RFID, or Zigbee (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 components field was also formed by other 10 KPIs, with 3 not 

accomplished. It included the delivery of 4 dedicated aerOS components all as open-source software 

(KPI 1.4.1), 3 DevPrivSecOps cookbook and good practices manual (KPI 1.4.3). Their groundbreaking 

performance has been proven through a 97,7% of users/device/services properly authenticated (KPI 

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 authorized (1.4.6), with up to 15 petitions handled by the API Gateway 

per second (KPI 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 up to 3-4 transactions per minute per pilot domain (KPI 

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 attributes potentially monitored per 

node (KPI 1.5.3), allowing to support the reduction of 30 % of the total running time of a node (KPI 

1.5.1), and permitting any redeployment when needed (KPI 1.5.5). From the self-security 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 (KPI 1.5.4), which goes below the initial target of 5. 

Nevertheless, it is considered internally among project partners as a huge success. 

6. aerOS decentralised AI field 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 AI/ML with scalability comparable to 

centralized approach with 3 different applications (KPI 1.6.1), validated with a comprehensive support 

with 2 XAI and 2 frugal applications (KPI 1.6.3), plus 3 decentralized frugal AI techniques (KPI 1.6.5) 

and 2 explainable AI techniques (KPI 1.6.6), only 1 cookbook/good practices manual for explainable 

frugal AI near the edge has 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 AI from 

cloud to the edge (KPI 1.6.2). 

7. aerOS common API field 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), including 5 protocol buffers (KPI 1.7.3) 

that enhances the efficiency and reliability of data interchange between modules. This could not have 

been achieved if there was not the 2 OpenAPI UIs for documenting APIs and generating code (KPI 

1.7.2) that have help to decrease the time required for non-technical team members to deploy service 

functions within aerOS from 40s to 20s (KPI 1.7.4). 

8. aerOS management framework was 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 13 continuum functionalities 

available and operational through the Management Portal (KPI 1.8.2), with 3,400 updates/s from the 

aerOS Federation Context Broker (KPI 1.8.3), and an average offloading ratio of entry point balancer 

of 50% (KPI 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. aerOS embedded analytics field KPIs were mainly focused on proving the availability of the 

Embedded Analytics Tool (EAT). There were 2 successfully achieved KPIs, 3 pre-packaged functions 

supported (KPI 1.9.1) and 3 northbound wrappers designed for common operations (KPI 1.9.2). 

10. Finally, although it might be considered not in their appropriate section, the stakeholderôs satisfaction 

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 have deployed aerOS generating the necessary evidence 

to support future adoption of Meta-OS assets (KPI 1.10.2) and also tackling relevant social challenges, 

including energy consumption and e-waste, with a reduction of 54% in power consumption in Pilot 3 

and 15% in Pilot 5 (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 goals, it must 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. Only 

8 out of the 59 devised KPIs almost two years ago have not been achieved. From the project perspective it is 

considered as a proof of the work done so far, with an 87% 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 proposal phase as KVIs. 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 to Annex I of this report. 

Table 7: Master technical KPIs table. Green coloured achieved. Red coloured not fulfilled 

KPI# 
KVI

# 
Title Field Target Endline 

KPI-

1.1.1 

KVI 

1.1 

Response time for the or-

chestration of IoT applica-

tions 

1.1 - aerOS Net-

work and com-

pute fabric 

8.5 seconds 4.8 seconds 

KPI-

1.1.2 

KVI 

1.2 

Open-source components 

for aerOS to deploy and 

manage applications span-

ning the continuum 

1.1 - aerOS Net-

work and com-

pute fabric 

3 open-source 

components 

37 open-source compo-

nents 

KPI-

1.1.3 

KVI 

1.3 

Usage of 5G native APIs 

(3GPP NEF and SEAL) 

1.1 - aerOS Net-

work and com-

pute fabric 

2 scenarios 2 scenarios 

KPI-

1.1.4 

KVI 

1.4 
Usage of TSN 

1.1 - aerOS Net-

work and com-

pute fabric 

1 scenario 1 scenario 

KPI-

1.1.5 
  

Number of old equipment 

units turned on actionable 

aerOS nodes 

1.1 - aerOS Net-

work and com-

pute fabric 

20 old equipment 

units 
69 old equipment units 

KPI-

1.1.6 
  

Consistency of deployment 

compared to service blue-

prints 

1.1 - aerOS Net-

work and com-

pute fabric 

95% consistent 

deployments 

100% consistent de-

ployments 

KPI-

1.2.1 

KVI 

5.1 

Full support for data pipe-

lines in all use cases (incl. 

open calls), identified 

through requirements elici-

tation 

1.2 - aerOS Data 

Fabric 
6 scenarios 7 scenarios 

KPI-

1.2.2 

KVI 

5.2 

Semantic and syntactic in-

teroperability between all 

data producers and con-

sumers in all use cases 

1.2 - aerOS Data 

Fabric 
6 scenarios 7 scenarios 
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KPI# 
KVI

# 
Title Field Target Endline 

KPI-

1.2.3 

KVI 

5.3 

Reference implementation 

for a data infrastructure 

supporting full user-control 

in the definition of data 

sources, consumers and 

flows. 

1.2 - aerOS Data 

Fabric 
3 use cases 3 use cases 

KPI-

1.2.4 
  

# of data sovereignty initi-

atives 

1.2 - aerOS Data 

Fabric 
5 initiatives 5 initiatives 

KPI-

1.2.5 
  

aerOS data models in open 

markets 

1.2 - aerOS Data 

Fabric 
5 data models 3 data models 

KPI-

1.2.6 
  

Semantic annotation sup-

port for commonly used 

data format 

1.2 - aerOS Data 

Fabric 

3 semantic com-

ponents 
3 semantic components 

KPI-

1.2.7 
  

% data sources from aerOS 

scenarios to be semanti-

cally annotated and ex-

posed via Data Fabric 

1.2 - aerOS Data 

Fabric 
50% scenarios 50% scenarios 

KPI-

1.2.8 
  

Support for multiple types 

of data sources 

1.2 - aerOS Data 

Fabric 

3 types of data 

sources 
4 types of data sources 

KPI-

1.2.9 
  

Data pipeline latency for 

data integration 

1.2 - aerOS Data 

Fabric 
1 second 0.44 seconds 

KPI-

1.2.10 
  

Simultaneous data pipeline 

execution 

1.2 - aerOS Data 

Fabric 
5 data pipelines 15 data pipelines 

KPI-

1.3.1 

KVI 

2.3 

Number of VNF/NetApps 

to improve performance 

and self-* network recon-

figuration 

1.3 - aerOS Ser-

vice fabric 

6 services with 

NetApps 

6 services with 

NetApps 

KPI-

1.3.2 
  

Total services delivered by 

aerOS 

1.3 - aerOS Ser-

vice fabric 

50 aerOS ser-

vices 
100 aerOS services 

KPI-

1.3.3 
  

# of successful CI/CD 

pipelines implemented in 

the project 

1.3 - aerOS Ser-

vice fabric 

4 CI/CD pipe-

lines 
7 CI/CD pipelines 

KPI-

1.3.4 
  

Number of different ser-

vice components running 

in different domains that 

form functional services 

thanks to aerOS network 

components 

1.3 - aerOS Ser-

vice fabric 

4 service compo-

nents 
4 service components 

KPI-

1.3.5 
  

Different types of net-

works managed by aerOS 

in pilot deployment 

1.3 - aerOS Ser-

vice fabric 

2 network ac-

cesses 
7 network accesses 

KPI-

1.4.1 

KVI 

3.1 

Delivery of dedicated 

aerOS components as 

Open Source SW for cy-

bersecurity, privacy and 

trust 

1.4 - aerOS 

cyber security 

components 

100% OSS cy-

bersecurity ser-

vices 

100% OSS cybersecu-

rity services 

KPI-

1.4.2 

KVI 

3.2 

# scenarios with security, 

privacy and trust by design 

deployed 

1.4 - aerOS 

cyber security 

components 

4 pilots 4 pilots 

KPI-

1.4.3 

KVI 

3.3 

Delivery of a 

DevPrivSecOps cookbook 

and good practices manual 

1.4 - aerOS 

cyber security 

components 

3 cookbooks 3 cookbooks 
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KPI# 
KVI

# 
Title Field Target Endline 

KPI-

1.4.4 
  

% of users/device/services 

properly authenticated 

1.4 - aerOS 

cyber security 

components 

95% authenti-

cated users 

97.7% authenticated us-

ers 

KPI-

1.4.5 
  

# of parallel successfully 

authenticated user/de-

vices/services 

1.4 - aerOS 

cyber security 

components 

150 parallel us-

ers 
150 parallel users 

KPI-

1.4.6 
  

% of users/device/services 

properly authorized 

1.4 - aerOS 

cyber security 

components 

95% authorized 

users 
100% authorized users 

KPI-

1.4.7 
  

# of petitions handled by 

the API Gateway per sec-

ond 

1.4 - aerOS 

cyber security 

components 

15 petitions / 

second 
14 petitions / second 

KPI-

1.4.8 
  

% trusted scenarios that 

make use of IOTA's DLT 

1.4 - aerOS 

cyber security 

components 

5 data transac-

tions / minute 

4 data transactions / mi-

nute 

KPI-

1.4.9 
  

Network overload limit 

due to the usage of IOTA 

and Tangle 

1.4 - aerOS 

cyber security 

components 

30% network 

load 
30% network load 

KPI-

1.4.10 
  

Trust Score Recalculation 

and Resource Balance 

1.4 - aerOS 

cyber security 

components 

30% increase 2% increase 

KPI-

1.5.1 
  

Average overload time of 

IEs 

1.5 - aerOS self-

* and monitoring 
20% reduction 30% reduction 

KPI-

1.5.2 
  

Number of different topol-

ogies and hardware/soft-

ware combinations of IEs 

supported 

1.5 - aerOS self-

* and monitoring 
10 topologies 10 topologies 

KPI-

1.5.3 
  

# of metrics monitored 

from IEs 

1.5 - aerOS self-

* and monitoring 
15 attributes 28 attributes 

KPI-

1.5.4 
  

# of avoided service down-

grade experience cases 

1.5 - aerOS self-

* and monitoring 
5 scenarios 4 scenarios 

KPI-

1.5.5 
  

% of reorchestration re-

quests issued by decentral-

ized IEs 

1.5 - aerOS self-

* and monitoring 

25% reorchestra-

tion 
100% reorchestration 

KPI-

1.5.6 
  

# of IoT healing scenarios 

covered 

1.5 - aerOS self-

* and monitoring 
5 scenarios 5 scenarios 

KPI-

1.5.7 
  

% of intrusion detected by 

the self-security  

1.5 - aerOS self-

* and monitoring 

90% intrusions 

detected 

100% intrusions de-

tected 

KPI-

1.6.1 

KVI 

4.1 

Realizing decentralized 

AI/ML with scalability 

comparable to centralized 

approach. 

1.6 - aerOS de-

centralized AI 

3 decentralized 

applications 

3 decentralized applica-

tions 

KPI-

1.6.2 

KVI 

4.2 

Energy consumption re-

duction due to moving AI 

from cloud to the edge 

1.6 - aerOS de-

centralized AI 

50% energy re-

duction 
35% energy reduction 

KPI-

1.6.3 

KVI 

4.3 

Validation of comprehen-

sive support, by aerOS, for 

distributed frugal AI com-

ponents with explainability 

1.6 - aerOS de-

centralized AI 

2 frugal AI + 2 

XAI apps 

2 frugal AI + 2 XAI 

apps 

KPI-

1.6.4 

KVI 

4.4 

Delivery of a cook-

book/good practices 

1.6 - aerOS de-

centralized AI 
3 cookbooks 1 cookbook 
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KPI# 
KVI

# 
Title Field Target Endline 

manual for explainable fru-

gal AI near the edge. 

KPI-

1.6.5 
  

Decentralized frugal AI 

use cases for application 

1.6 - aerOS de-

centralized AI 

3 frugal AI tech-

niques 
3 frugal AI techniques 

KPI-

1.6.6 
  

AI explainability tech-

niques available 

1.6 - aerOS de-

centralized AI 

2 XAI tech-

niques 
2 XAI techniques 

KPI-

1.7.1 
  

% of aerOS core services 

exposed through Open API 

1.7 - aerOS com-

mon API 

50% aerOS ex-

posed 
88% aerOS exposed 

KPI-

1.7.2 
  

OpenAPI UIs for docu-

menting APIs and generat-

ing code 

1.7 - aerOS com-

mon API 
2 OpenAPI Uis 2 OpenAPI Uis 

KPI-

1.7.3 
  

Create Protocol Buffers 

definition for intra-orches-

tration module communi-

cation 

1.7 - aerOS com-

mon API 

3 Protocol buff-

ers 
5 Protocol buffers 

KPI-

1.7.4 
  

Reduce time to deploy ser-

vice functions by non-tech-

nical team members using 

low code tool integrations 

1.7 - aerOS com-

mon API 
40 seconds 20 seconds 

KPI-

1.8.1 
  

# of federated domains in 

all aerOS continuums 

1.8 - aerOS man-

agement frame-

work 

15 domains / 8 

continuums 

47 domains / 17 contin-

uums 

KPI-

1.8.2 
  

# of continuum functional-

ities available and opera-

tional through the manage-

ment portal 

1.8 - aerOS man-

agement frame-

work 

10 functionalities 13 functionalities 

KPI-

1.8.3 
  

Performance of aerOS 

Federation Context Broker 

1.8 - aerOS man-

agement frame-

work 

2500 updates / 

second 
3400 updates / second 

KPI-

1.8.4 
  

Federation asymptote with 

minimum latency (do-

mains) 

1.8 - aerOS man-

agement frame-

work 

4 domains 24 domains 

KPI-

1.8.5 
  

Average offloading ratio of 

entrypoint balancing in 

aerOS scenarios 

1.8 - aerOS man-

agement frame-

work 

30% offloading 50% offloading 

KPI-

1.8.6 
  

QoE of management portal 

deployed on pilots 

1.8 - aerOS man-

agement frame-

work 

68 SUS score 70.8 SUS score 

KPI-

1.9.1 
  

# pre-packaged functions 

supported by Embedded 

Analytics Tool (EAT) 

1.9 - aerOS Em-

bedded analytics 
3 functions 3 functions 

KPI-

1.9.2 
  

# northbound wrappers de-

signed for common opera-

tions with EAT 

1.9 - aerOS Em-

bedded analytics 
3 wrappers 3 wrappers 

KPI-

1.10.1 

KVI 

7.1 

Successful conduction of 

Open Calls 

1.10 - Stake-

holder/user satis-

faction/OpenCall 

80 applicants 72 applicants 

KPI-

1.10.2 
  

# of stakeholders deploy-

ing aerOS 

1.10 - Stake-

holder/user satis-

faction/OpenCall 

5 stakeholders 14 stakeholders 



D5.6 ï Technical evaluation, validation and assessment report (2) 

 

31 

KPI# 
KVI

# 
Title Field Target Endline 

KPI-

1.10.3 
  

# Energy consumption & 

e-waste reduction in aerOS 

adopters 

1.10 - Stake-

holder/user satis-

faction/OpenCall 

2% energy / e-

waste reduction 

Pilot 3: 54% power re-

duction 

Pilot 5: 15% power re-

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 Pilots, and almost all of 

them successfully reached their target values. The validation methods and the corresponding outcome 

ellaboration for each Pilot are described in Section 2. Also, three more overall KPIs were defined and achieved. 

Furthermore, detailed tables presenting each KPI, its description, requirements, measured values, and target 

values, are included in Appendix C. 

 

 

Figure 2: KPI achievement status across all Pilots and Overall KPIs 

The aerOS project defined a 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 gains in process automation, quality control, and CO  

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 strong results regarding renewable 

energy integration, task distribution efficiency, and edge scalability. Pilot 3 ("High-performance computing for 

connected and cooperative mobile machinery") comprised 3 KPIs, of which two were achieved and one was 

partly achieved, showing major improvements in vehicle computing and network capabilities as well as 

measurable CO  reduction through platooning. Pilot 4 ("Smart Ports") included 8 KPIs, which were fully 

achieved or overachieved, reflecting notable progress in AI-based predictive maintenance, operational 

reliability, and edge deployment. Pilot 5 ("Energy-efficient, health-safe, and sustainable smart buildings") had 

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

and AI model deployment. Last but not least, three cross-pilot KPIs (2.6.1ï2.6.3) validated the scalability of the 

platform, its readiness for open source, and the cross-domain applicability; all these reached or surpassed their 

target. In general, the aerOS 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. 

Table 8: Summary of Pilot and Overall KPIs 

KPI# Title  Baseline Target Final measured value 

KPI-2.1.1 
Production process accu-

racy  

Dependent on prod-

uct GD&T complex-

ity  

10% increase 9.2% increase (92%)  

KPI-2.1.2 
Digital service program-

ming time  
2 weeks 2 days 2.3 days 
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KPI# Title  Baseline Target Final measured value 

KPI-2.1.3 
Dimensional quality control 

productivity 

3 parts/hour (de-

pending on GD&T 

complexity) 

5 parts/hour  5.06 parts/hour (101%) 

KPI-2.1.4 
Accuracy of the CO2-foot-

print prediction (%) 
N/A >80% 

83.4% - drone type A 

90.4% - drone type B  

KPI-2.1.5 
CO2-footprint measurement 

(% products) 
N/A 10% - 100% 100% 

KPI-2.1.6 
CO2 emissions reduction 

(kg)  
0% <20% 39.42% 

KPI-2.1.7 AGV usage  54% >80% 80% 

KPI-2.1.8 AGV availability  69 % >95% 96 % 

KPI-2.1.9 AGV travel saved/valve  
0% 

(1 Travel per Valve) 
<20% 39.42% 

KPI-2.1.10 
Definition of the calculation 

model  
120 minutes  

> 30%-time re-

duction  

< 1 second 

(>99,99% reduction) 

KPI-2.1.11 
Transparency of CO2/PCF 

data (minutes) 
N/A < 2 minutes  ~0.025 seconds  

KPI-2.2.1 

Consumed renewable en-

ergy based on decision 

making process of aerOS  

0 MWh/month   20 MWh/month   19391.54 MWh (97%)  

KPI-2.2.2 

Effectiveness of task distri-

bution through aerOS to 

nodes  

N/A 

99.5% of tasks 

executed on 

schedule  

100% 

KPI-2.2.3 

Scalability of task distribu-

tion and management 

through aerOS  

N/A 
10k tasks exe-

cuted/month  
up to 250k jobs/month  

KPI-2.2.4 CPU utilization efficiency  0% 80% Average 84% 

KPI-2.2.5 
Carbon awareness share of 

green energy  
0% 60% 100% 

KPI-2.2.6 

Number of edge nodes con-

nected in the aerOS contin-

uum  

0 2 2 

KPI-2.2.7 

Number of batch processing 

jobs successfully distrib-

uted and executed by the 

system  

0 300k  475.718 

KPI-2.2.8 
Precision of the Future 

Price prediction algorithm  
0% 85% 85-90% 

KPI-2.3.1 

Performance and connectiv-

ity capabilities improve-

ment (single vehicle) 

For performance: 

GPU: 2x128 

GFLOPS FP 16 

CPU: 26000 

DMIPS. 

For connectivity: No 

network available. 

For perfor-

mance: GPU: 

12.6 FP16 

TFLOPS; CPU: 

SPEC int 2k6: 

22, SPEC int 

rate: 140 

Gflops. 

For connectiv-

ity: 4G/5G net-

work available. 

For performance: GPU: 

12.6 FP16 TFLOPS; 

CPU: SPEC int 2k6: 22, 

SPEC int rate: 140 

Gflops. 

For connectivity: 4G / 

5G network available  

KPI-2.3.2 
Swarm of vehicle perfor-

mance improvement  

The baseline frame 

rate of 4 frames per 

second (FPS) per 

6 FPS pro Cam-

era and 18 km/h  

During the lab and field 

testing it was proved to 

increase the FPS to 6.25 
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KPI# Title  Baseline Target Final measured value 

camera represents 

the current pro-

cessing capacity for 

the exemplary task 

in the use case. 

by ensuring the field op-

erating speed of 

20km/h. 

KPI-2.3.3 
CO2 emissions reduction 

thanks to platooning  

89,31 kg CO2/ha 

(33,7 l Diesel/ha) 

A reduction of 

80% - 17,9 kg 

CO2/ha  

Thanks to the imple-

mentation of the aerOS 

components we could 

measure the following 

results for 40% CO2 re-

duction for diesel and 

electric tractors in a 

swarm environment. 

  

KPI-2.4.1 
Reduction of CHE idle time 

due to failures  

Total 2023 

downtime of 4 

straddle 

Carriers: 900h 

Total 2023 down-

time of 2 

STS: 297.70h  

20-30% 

Q1-Q2 2025 downtime 

of 4 Straddle Carriers: 

403h 

Q3 2025 downtime of 2 

STS: 46 hours 

Straddle carriers 21.5% 

less downtime hours 

STS 31.3% less down-

time hours 

Average 26.4% less 

downtime hours  

KPI-2.4.2 

Increase on detection of 

equipment malfunctions 

(from manual to automatic) 

In 2023: 30 un-

planned failures de-

tected (manual), 0 

predictive (auto-

matic) 

30-40% with re-

spect to 2023 

Q1-Q2 2025: 20 un-

planned failures de-

tected (manual), 8 pre-

dictive (automatic) = 28 

detected Ą +86% de-

tections  

KPI-2.4.3 

Increase of number of ac-

tual damaged containers 

(manually reported by staff 

vs automatic system-re-

ports) 

350 damaged con-

tainers reported by 

terminal staff + 30 

damaged containers 

not reported and 

claimed  

30-40% 

Q1-Q3 2025:396 

damaged containers 

reported by terminal 

staff + 37 damaged 

containers not reported 

and claimed (not using 

CV models). 

Oct 17-24, 2025: 11 

damaged containers re-

ported by terminal staff. 

60 damaged containers 

reported by CV. In-

crease: 445%  

KPI-2.4.4 

Performance evaluation 

metrics of regression AI 

models (R2) 

N/A 0.8 83.3% (110%) 

KPI-2.4.5 

Performance evaluation 

metrics of regression AI 

models (MAE/RMSE) for 

predictive maintenance of 

CHEs  

N/A 20% F1-score: 98.0% 
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KPI# Title  Baseline Target Final measured value 

KPI-2.4.6 

Performance evaluation 

metrics of classification AI 

models (accuracy) for dam-

aged containers  

N/A 60%  mAP50: 75% 

KPI-2.4.7 

Performance evaluation 

metrics of classification AI 

models (F1) for damaged 

seals  

N/A 60% mAP50: 86% 

KPI-2.4.8 
Number of models executed 

on edge nodes  
N/A 5 10 (200%) 

KPI-2.5.1 Energy use reduction  

Baseline measure-

ments vary per 

room, but some in-

dicative consump-

tions to be reported 

without the aerOS 

optimisation range 

from 40Kwh -

150Kwh. 

20% reduction 

of the daily 

baseline con-

sumption. 

100% 

KPI-2.5.2 
Edge processing perfor-

mance gains  

The pilot is 

implemented on 

premises and 

dedicated networks 

already and typical 

values monitored 

include: 

Latency: 2-3 ms 

Memory: 1.5 Gbps. 

The 

measurement of 

the Edge 

processing 

performance 

gains is a 

composite KPI 

that can be 

approximated 

by collecting the 

following sub-

KPIs 

1. Exhibit 

average E2E 

Communication 

Latency < 100 

ms for the 

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 

100% 

Latency of communica-

tion between the pilot5 

aerOS nodes (ms): Av-

erage: 0.919 ms 

Memory utilization 

when deploying IoT 

Application in a Ku-

beEdge node: 730 

Mbytes 

Time to recover IoT ap-

plication when master 

node is down  
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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, measuring 

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) 

KPI-2.5.3 

5G capabilities to execute 

security and privacy func-

tions  

0 2 

100% 

2 5G VNFs deployed 

over aerOS  

KPI-2.5.4 Service availability  Manual operation  

99.99% in the 

service window 

of operations  

100% 

99,9999% in the service 

window a period of one 

month for at least one 

pilot node. 

Uptime: 25 days in the 

service window of 1 

month  

KPI-2.5.5 
Service creation / scalabil-

ity  
Mannual 

< 10 min end-

to-end  

100% 

Time-to-deploy: 34 secs  

KPI-2.5.6 
Services directly managed 

by the aerOS orchestrator  
0 3 

Exhibit the operation of 

3 pilot5 services in the 

aerOS-capable infra-

structure (K8s/Ku-

beEdge) (100%) 

KPI-2.5.7 Improvement of air quality  

Relative value per 

room. Spike values 

in the range of 

1200-1500 ppm are 

measured. 

A typical ac-

ceptable target 

is set to be 400-

600 ppm per 

room for the 

demo, average > 

20% improve-

ment. Especially 

for the rooms of 

the pilot, and 

the specific 

demo situation, 

the target is set 

to me to reduce 

the max CO2 

lower than 1000 

ppm in all cases. 

100% 

For all rooms of the 

pilot, max CO2 is less 

than 1000 ppm at all 

times. 

Significant improve-

ment in air quality with 

the deployment of the 

pilot. 
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KPI# Title  Baseline Target Final measured value 

KPI-2.5.8 
Number of AI models 

used/adapted for the pilot  
No AI used 6 models 7 (110%) 

KPI-2.6.1 
Validation of aerOS in dif-

ferent use cases  
0 >5 5 

KPI-2.6.2 

Enable fast-track develop-

ment of new use cases 

through external partners 

(e.g., open call third parties) 

based on aerOSô Open-

Source Software compo-

nents and tools from O1  

0 14 15 

KPI-2.6.3 

Identification of new appli-

cation domains to deploy 

aerOS architecture 

N/A 3 10 

 

Pilot 1 has demonstrated how the aerOS MetaOS turns four very different manufacturing scenarios into a single, 

data-driven continuum -linking machines, people, and sites through common orchestration, real-time data, and 

built-in trust. In sub-pilot 1.1, aerOS enabled full CO  transparency and automation for a highly customizable 

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 second, and access to CO /PCF data became effectively 

real-time. Sub-pilot 1.2 shifted metrology from manual, on-site workflows to remote, autonomous operation at 

the edge; self-recovery kept probe/scan pipelines aligned (driving a 9.2% accuracy gain), setup time dropped 

from ~10 days to just over two, and throughput surpassed 5 parts/hour. Moving on, to sub-pilot 1.3 showed how 

reusable ñskillsò deployed via aerOS raise intralogistics performance: AGV availability reached 96% and usage 

rose to 84%, as vehicles took on new tasks (including repositioning robot-arm workstations) without major 

hardware changes. Finnaly, sub-pilot 1.4 extended optimization across sites: smarter order grouping and route 

planning cut AGV trips by ~39% and reduced CO  emissions by ~39.4% for the validated flow. 

Pilot 2 defined a total of 8 KPIs to assess the impact of the aerOS Meta-OS on shifting computation of workloads 

into edge nodes and optimizing the use of renewable (photovoltaic) energy source, in changing green-energy 

availability conditions. By the final evaluation period (M36-M38), 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 share of scheduled tasks 

completed on time achieved 100%. KPI 2.2.3 focused on scalability of task distribution and management 

through aerOS reached up to 250k 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 and 2.2.4 ï higher CPU usage caused 

higher power consumption. KPI 2.2.5 which measured green energy share for jobs was exceeded with 100% of 

energy used was coming from green energy sources. KPI 2.2.6 measuring number of edge nodes connected in 

the aerOS continuum was achieved with 2 pilotôs edge nodes on remote physical location deployed. KPI 2.2.7 

focused on number of batch jobs scheduled, orchestrated and executed by aerOS continuum was achieved with 

the count 475 718 as of 2025-10-14. KPI 2.2.8 measuring precision of Future Energy Price Prediction algorithm 

was reached with overall accuracy of algorithm of ~88%. The most of out KPIs focus on data processing energy 

consumption and its efficiency. What is important to see that pilot consumes less energy when there is low 

processing demand (k8s autoscaling mechanism is shutting down compute nodes). However, the high values of 

KPIs 2.2.1 & 2.2.4 forced us to maximise CPU and energy consumption via the very high processing demand 

for one of our scenarios. 

Pilot 3 focused on ñHigh performance computing platform for connected and cooperative mobile machineryò 

and tracked 3 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, AI-driven Efficiency, and Sustainability through CO  Reduction. More specifically, KPI 2.3.1 

demonstrated that the integration of the aerOS platform enabled the achievement of the target computational 

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 swarm-level performance improvements through AI-
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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, KPI 2.3.3 confirmed a 40% reduction 

in CO  emissions thanks to the adoption of platooning and coordinated operations 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, and environmental 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, whereas 8 KPIs have achieved their target values. 

The primary objectives of these KPIs were Operational efficiency and personnel safety. More specifically, the 

reduction of CHE idle time due to failures by 26% (KPI 2.4.1) as well as the increase on detection of equipment 

malfunctions (from manual to automatic) by 86% (KPI 2.4.2) have shown how the predictive maintenance on 

the edge provides a relevant benefit to EUROGATE operational efficiency. This was endorsed with the 

achievement of KPI 2.4.4 and KPI 2.4.5 related to the performance evaluation of the specific AI models in terms 

of precision (83.3%) and F1 (98%). On the other hand, despite the fulfilment of KPI 2.4.6 and KPI 2.4.7 proved 

from a performance evaluation that the developed AI 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 benefits related to the increase of number of actual damaged 

containers manually reported by staff vs automatic system-reports (KPI 2.4.3) . Finally, last Pilot 4 KPI 4.2.8 

has proved the frugality and lightweight services envisioned in aerOS can be achieved, as the IEs that are being 

used in Port Continuum pilot have low processing capabilities, but are able to support up to 10 AI models being 

executed on them. The validation activities about how these KPIs were achieved are provided in various 

subsections of D5.4 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 already completed by M24. The 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 AI (KPI 2.5.1) improves sustainability and 

achieves a significant improvement of air quality - max CO2 less than 1000 ppm- (KPI 2.5.7) for health safety. 

This health and energy optimization was supported by the development of 7 AI models (KPI 2.5.8) for 

forecasting and prediction. Edge 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 privacy functions. 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 the aerOS orchestrator. The validation activities about how these KPIs were achieved are provided 

in various subsections of the D5.6, such as P5-BP1-VA28 Edge Processing Performance Gains, P5-BP1-VA29 

Service Availability, and P5-BP2-VA1 5G E2E deployment validation 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 KPIs are provided in D6.3. 

Table 9: List of aerOS Impact KPIs 

Field KPI id  Name Target M24 M38 

KPI.3.1.1 
# of Website unique 

visitors / page views 
4000/10000 5,115/20,505 7.147/20.706 
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3.1 

Communicati

on 

KPI.3.1.2 

# of aerOS posts in 

social networks/ #of 

newsletters issued 

1000/12 736/7 

1491/11 (& 1 

under 

editing) 

KPI.3.1.3 

# of aerOS social-media 

community members 

across all-sites 

1000 1.018 2096 

KPI.3.1.4 

# of videos delivered 

about aerOS technical 

and global advances / 

webinars-workshops 

organised 

20 / 6 11/15 48/35 

KPI.3.1.5 

# of 

interviews/articles/press 

releases with external 

relevant dissemination 

targets 

30 19 30 

KPI.3.1.6 

# of liaison with other 

projects of the cluster 

including CSA events 

35 actions 40 >60 

3.2 

Dissemination 

KPI.3.2.1 

 

# of scientific papers 

published in 

conferences / Q1-Q2 

journals 

20 / 8 5/11 23/24 

KPI.3.2.2 

# of activities towards 

Education institutions 

(courses, lectures, 

PhDs) 

15 4 18 

KPI.3.2.3 

# of presentations and 

other activities in 

events/conferences/fairs 

by aerOS partners 

35 39 77 

KPI.3.2.4 

# of workshops 

organised / average 

participants in each 

workshop 

3 / 60 10/20 18/30 

KPI.3.2.5 

# of PhD and MSc 

theses started about 

aerOS 

6 10 11 

3.3 

Standardisati

on 

KPI.3.3.1 
Contributions to 

standardisation bodies 
12 18 12 

KPI.3.3.2 

Exploitation to entry-

points into 

standardisation bodies 

25 15 25 

KPI.3.3.3 

aerOS contributions to 

European pre-

normatives 

3 2 3 
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KPI.3.3.4 

aerOS contributions to 

data-related clusters and 

initiatives 

10 1 10 

KPI.3.3.5 

# of contributions to 

relevant data spaces 

(GAIA-X, IDSA) 

10 2 10 

3.4 

Exploitation 

and business 

models 

KPI 3.4.1 
Contribution to OSS 

projects 
12 11 15 

KPI.3.4.2 

Business plans for 

exploitable assets, 

stakeholders and key 

alliances identified and 

contacted 

100% 0 100% 

KPI 3.4.3 
New business lines on 

aerOS by partners 
2 0 2 

KPI 3.4.4 

# of startups adopting 

aerOS results as 

technological baseline 

for business 

1 0 11 

KP 3.4.5 

# of tech-transfer 

contracts signed based 

on aerOS (from 

Universities/RTOs) 

1 0 
(0) In 

progress 

KPI 3.4.6 

Private investments in 

aerOS and related open 

technologies 

10 M 0 
(0)In 

progress 

KPI 3.4.7 

Market share in edge-

cloud-computing of 

Europe vs world 

32,00% 0 ~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, first in deliverable D2.2 and, later, the final list was released 

within deliverable D2.3, submitted 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 pilots 

of the project.  

This section includes a short summary reflecting on the results of this analysis, while in Appendix D the 

complete list of requirements can be found. There, a full relation of technical and pilot-related requirements is 

provided, as per how they were expressed in D2.3 (and D2.2, before that) but adding two more columns: 

ñAccomplishment degreeò and ñEvidencesò. This material has been provided in order to allow the reader to 

check that the coverage is well reported and referenced in technical or pilot-related deliverables. Therefore, an 

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

6.1. Analysis of technical requirements  
A number of 102 technical requirements were recorded following the methodology described in deliverable 

D2.2 (M9 ï May 2023). After a refined revision of the 66 initial requirements in content and scope, 36 new 

requirements were identified and described in the period M9-M18 (up to February-2024). Since those were 

categorized and described following a clear methodology, find below a very shot summary and numbers related 

to those: 

Table 11: Summary of aerOS technical requirements per type. 

Requirement type Quantity 

Data 24 

Infrastructure 16 

AI  17 

Security 11 

Meta-OS 11 

Application 3 

Development 6 

Services 3 

Network 6 

 

 

Table 12: Summary of aerOS technical requirements per priority. 

Requirement priority  Quantity 

Must 71 

Should 32 

Could 2 

 

In the previous tables, some statistics are shown regarding the recorded requirements; presented based on the 

area they refer to, their type and priority . Please, note that the previous is only a sub-set of the categorization 

existing (e.g., also per role, per domainé). As it can be seen, the majority of requirements gathered were Non-

 

 

Requirement classification Quantit

y 

Functional 26 

Non-functional 72 

Constraints for design 4 

 

Table 10: Summary of aerOS technical 

requirements per classification. 

https://aeros-project.eu/wp-content/uploads/2023/06/aerOS_D2.2_Use-cases-manual-requirements-legal-and-regulatory-analysis-v1.1.pdf
https://aeros-project.eu/wp-content/uploads/2024/03/aerOS_D2.3_Use-cases-manual-requirements-legal-and-regulatory-analysis-v1.0-submission.pdf
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Functional ones, prioritized as Must-have and mostly referring to Data, Infrastructure, AI, Security and Meta-

OS areas of the aerOS project. 

Bearing that in mind, below there is presented an analysis of how those have been covered at the end of the 

project (M38 ï October 2025). In particular, the same differentiation (area, type and priority) has been 

conducted: 

 

Figure 3. Overall technical requirements coverage (Yes, No, Partially) 

As it can be seen, the aerOS technical alignment and accuracy with requirements has been superb. Out of a total 

of 102 requirements, 86 (a 84,3%) were directly covered with the developments as-is. Fourteen of them (13,7% 

%) were partially covered and only two (2 out of 102, a ~2%) were not covered. 

This means that 98% of aerOS technical requirements were either directly or indirectly (or partially) covered, 

making the final reflection concluding as a success. 

The ones that failed to pass are TR-25 and TR-102. TR-25: Resource availability was a MUST requirement 

revolving around eliminating the possibility of resources starvation in the continuum. Since aerOS has not 

focused on resources provisioning (e.g., OpenStack, OpenNebula, Terraform, Ansibleé) but in service 

orchestration, this requirement was not aligned with aerOS Meta-OS, therefore should not be considered for 

a real analysis of coverage. On another note, TR-102- Communication of distributed services in real 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. 

 

 

Figure 4. Coverage per priority (Must / Should / Could / Would) 

With regards to those covered partially 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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ñMUSTò were tackled to maximize coverage and accuracy, thus only 7,4% (5 out of 68 MUST requirements) 

were partially covered, in contrast to the other 63, that were directly covered. However, the percentage of 

alignment in SHOULD requirements is more relaxed. There, a 25% was partially covered (8 out of 32 SHOULD 

requirements) whereas 75% of them (still an amazing value) ï 24 requirements- were satisfied so far.  With 

regards to COULD requirements, these were only 2, with one fully covered and one partially covered. 

Looking globally to those requirements only partially covered (TR-9, TR-26, TR-39, TR-40, TR-50, TR-53, 

TR-59, TR-61, TR-66, TR-68, TR-81, TR-85, TR-86, TR-101), they were scattered in a reasonably uniformly 

way across the Technical Areas of aerOS, as it can be observed in the next bar chart: 

 

Figure 5. Coverage per Technical Area (Yes, No, Partially) 

Those partially-covered related to AI  revolved around AI jobs concept that had no representation in a real 

integration structure, therefore its full potential remained at low automation range. Also, task description for AI 

did not require the incorporation of additional parameters in service (TOSCA) 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 upon network, three requirements were only partially addressed 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. Security-wise, coding environment was 

prepared but not automated in Meta OS auxiliary services development pipeline (not necessary but possible in 

the future). Finally, service availability metrics were addressed as a secondary priority, same as resource 

availability in K8s-only (self-scaling) scenarios. 

 

Figure 6. Coverage per requirement type (Functional ï Non-functional ï Constraint) 
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Finally, regarding the requirement type division, those that were considered Constraints (2) were 100% covered, 

whereas both Functional and Non-Functional requirements showed more than 80% of coverage, with slightly 

more ñpartialò coverage in those tagged as Non-Functional.   
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6.2. Analysis of user and system requirements (pilot-related) 
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 2024). A total of 74 requirements 

were defined, appointed to the 5 pilots of the project. These requirements were defined to clarify the systemôs 

subject matter, the non-functional requirements refer to the behavioural properties that the specified functions 

must have, such as performance, usability, etc. Both functional and non-functional 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. 

Table 14: Summary of aerOS user and system 

requirements per classification. 

Requirement classification Quantit

y 

Functional 50 

Non-functional 24 

 

 

 

Table 15:Summary of aerOS user and system requirements per priority. 

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 in Appendix D. 

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 Section 4 and 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 requirements is indicated in a pie chart divided in YES, NO or Partially. Second, a 

reflection on those that have been (either totally or partially) achieved per Priority (Must, Should, Could, Wonôt) 

is provided with a bar chart. 

 

 

Requirement type Quantit

y 

System 48 

User 26 

 

Table 13: Summary of aerOS user and system 

requirements per type. 
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Figure 7. Pilot 1 requirement analysis: per achievement coverage and per 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 edge-to-cloud data sharing, secure communication, data interoperability, 

support of various type of devices, integration with existing systems including TSN networking and on-demand 

re-scheduling of workloads. 17,6% of the requirements (3 out of 17) were reported as partially achieved. These 

requirements (R-P1-11, 12 and 13) are transversal to the 4 scenarios, and focus on the automatic selection of AI 

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 particular, P1.4 

(MADE/POLIMI) has successfully demonstrated their completion.  

On the negative note, one MUST requirement was NOT achieved (R-P1-15). 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 been tested in the experiment but 

could easily be understood as a byproduct for potential validation. The scenario has focused on real-time critical 

services and critical task re-scheduling and re-allocation, using Behaviour Trees and integration with legacy 

systems and innovative (own) edge solutions such as SIEMENS Industrial Edge. Therefore, the reflection 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 

energy-powered continuum. 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 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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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 met. R-P2-1 and R-P2-2 were identified and 

described so that aerOS should react to changing circumstances and adapt heavy workloads and applications, 

redirecting to queues and the type of energy available. In these regards, the users of aerOS can delete tasks, and 

different resources of a nodepool are automatically selectable and shifted. However, large applications are not 

prioritised and the amount of energy available sources have prevented the team 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 automatically incorporated 

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 in real-time communication in rural areas 

between electric and fuel-based tractors that equip distributed computing elements; those act as a swarm that, 

thanks to aerOS technologies, optimize AI 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 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 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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Figure 9. Pilot 3 requirement analysis: per achievement coverage and per priority 

As observed in the figures, all MUST and SHOULD requirements of pilot 3 have been either completely or 

partially covered. 80% of them (4 out of 5) can be considered directly achieved. 

R-P3-2 (SHOULD priority) defined the requisite of integrating TTControlôs HPCP in John Deere tractors, 

defining (should, if possible) a specific tolerable latency in the communication among tractors and with edge 

nodes. Since the latency is not monitored natively (not a goal of the pilot) but given that the integration has been 

fully achieved (check Section 2.2.3), this was considered partial. 

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

Pilot 4 focuses on applying innovative Cloud-Edge-IoT 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 AI models to detect defects 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 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 20 requirements of pilot 4 have been 

covered, either by final result (YES, NO or Partially) and those achieved per 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 wonder about pilot 4ôs capacity to overachieve expectations: 

According to the KPIs in Section 4, Pilot 4 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 than a non-achievement explanation. Four of those requirements R-

P4-6 to 10 were referencing works related to applying AI models over Engines of the motor of certain cranes. 

This departed from the assumption that the STS cranes in the terminal (fuel-based) were an essential element 

of the pilot. However, the evolution of the pilot (as it can be checked in D5.3, D5.4 and Section 4 of this 

deliverable D5.6) required the team to focus in other AI models that were necessary to complete the goals: 

Hydraulic system of straddle carriers, Container plate identification, Detection of damaged containers at the 

edge with 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 shortcoming. Lastly, requirement R-P4-2 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 by real-time monitoring (IoT in the port). 

On another note, 20% of the requirements (4 out of 20) were only partially accomplished, particularly R-P4-11 

and 12, which expected the usage of straddle carriers telemetry to estimate and forecast genset vibrations 

(COULD) and inclination issues (SHOULD). As 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 of the inverters in such type of container 

handler equipment. 

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

Buildings 

Pilot 5 has deployed IoT scenarios in an innovative Smart Building testbed in the premises of OTE in Greece. 

There, several AI models for sit recommendation and energy efficiency have been collated to optimize health 

and safety in working environments. A myriad (and a quantity) of sensors have provided data via aerOSô Data 

Fabric, and services have been orchestrated through aerOS Meta OS to achieve the goals of this pilot. 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 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. 

 

Figure 11. Pilot 5 requirement analysis: per achievement coverage and per priority 
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A total of 71,4% (15 out of 21) of Pilot 5ôs requirements were achieved directly by the development of the team 

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 requirement that NOT covered, the 

analysis is clear: there is absolutely acceptable to consider Pilot 5 a total success. It is the case of R-P5-1 (Cloud 

storage and Federated Learning), FL 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, AI 

models have been developed for the currently available building. FL is 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 around non-essential 

activities of a very successful trial in aerOS. In particular R-P5-5 investigated the automation of IoT 

configuration matters, which is partially covered by self-healing and self-orchestration capabilities in aerOSô 

Infrastructure Elements. On another side, R-P5-12 and 13 are not considered fully achieved 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 pilot 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 5.5, our 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 Goals. These 

values, for instance, sustainability (economic, environmental and social), digital inclusion, personal health etc., 

were then linked to Key Value Indicators (KeVIs). KeVIs capture their measurable societal impact. Moving on, 

Key value enablers were reviewed to determine the drivers that influence the adoption and scalability of the use 

cases. Finally, related Key Performance Indicators (KPIs) were related to KeVIs. This connection ensures that 

technical performance metrics could be aligned with broader societal goals. This process provided a systematic 

way to connect technological development with value-focused outcomes. 

 

 

Figure 12: The four steps of the adopted KVIs methodology 

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 for values-driven 

next-generation 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 outcome and incorporating the technical and 

system enablers.  
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KeV as criterion and goal establishes the 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 involved stakeholders and affected areas, 

e.g. processes, service etc. The Use Case KVIs then define the indicators that measure the impact that can be 

economic, social, environmental etc. Indicators can be approached by quantitative measures like reduction of 

emissions or qualitative way such as user satisfaction. Following is the connection of these effects to technical 

performance measures, the KPIs. As KPIs, we define the operational metrics utilized in measuring the KVIs, 

while the Target Values define the desired goals or standards for success attainment.  

To conclude this value-based analysis, the framework also incorporates enablers. Technical Enablers specify 

the technologies to enable the use case, i.e., analytics software, AI models, or 5G networks etc. and their 

corresponding Enabler KVIs specify the benefits 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, System Enablers characterize the infrastructural 

and organizational aspects, such as data fabrics or edge services, which combine technical components into a 

working ecosystem. Their Enabler KVIs prioritize the systemic advantages these enablers contribute, for 

example 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 of use cases both value-driven and operationally grounded. 

 

7.1.1. Pilot 1 Data driven cognitive production lines 

Use case: Data-Driven 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  footprint monitoring to advanced metrology, agile production reconfiguration, 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 achieve both environmental and economic 

sustainability while moving toward zero-defect production. 

The sub-pilots highlight this vision in practice: optimizing energy consumption on a drone production line in 

Switzerland; connecting metrology machines into a shared ñMetrology Continuumò in Spain; enabling dynamic 

reconfiguration of production with AGVs and 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, data-driven, and sustainable manufacturing, aligning with Europeôs goals for innovation, 

competitiveness, and responsible resource use. 

 

Sub-Pilot 1.1 

Sub-Pilot 1.1 ñGreen Manufacturing (Zero Net-Energy) & CO  Footprint Monitoringò takes place at the Swiss 

Smart Factory (Switzerland Innovation Park Biel/Bienne). It focuses on improving the energy efficiency and 

sustainability of a drone production line. The use case monitors the carbon footprint of manufacturing by 

tracking machine energy consumption in real time. Using a network of IoT sensors and actuators, the production 

line optimizes utility usage. The objective is to minimize wasteful energy use while maintaining production 

performance. By deploying the aerOS platform in this smart factory environment, Sub-pilot 1.1 aims to 

demonstrate how edge orchestration and analytics can autonomously adjust industrial operations to be more 

frugal and sustainable. 

On the environmental side, the pilot targets the decrease of carbon footprint through precise CO  calculations 

and broad product coverage. This is reflected in KeV1, with KVIs like accurate CO  prediction and measurement 

per product. The corresponding KPIs, such as achieving >80% accuracy in CO  prediction and covering 10ï

100% of products, provide measurable milestones. For Sub-Pilot 1.1, this means embedding aerOS components 
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to enable real-time monitoring and predictive analytics, supporting manufacturers and customers in lowering 

production-related emissions. 

 

Figure 13: KVI analysis of sub-Pilot 1.1 

Economically, Sub-Pilot 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 

with up-to-date CO /Product Carbon Footprint (PCF) data, minimizing delays and enhancing productivity. KPIs 

such as reducing calculation time by over 30% and accessing CO /PCF data in under two minutes ensure that 

innovation translates into real-world time and cost savings. These improvements are especially 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 AI, and real-time dashboards) contribute to higher prediction accuracy, better product 

coverage, and faster access to key metrics, though 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 issues, while requiring careful 

supervision to prevent data duplication and manage the complexity of multiple edge nodes. Together, these 

enablers ensure that Sub-Pilot 1.1 not only delivers on its sustainability promises but does so in a technically 

robust and economically scalable way. 
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Figure 14: Technical enablers of sub-Pilot 1.1 

 

Figure 15: System enablers of sub-Pilot 1.1 

 

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 addresses this challenge at Innovaliaôs Didactic Factory in the Automotive Intelligence 

Center, where the aerOS Meta-OS has been deployed to unlock the full potential of IoTïEdgeïCloud 

capabilities. With aerOS, services can be deployed and managed remotely, authentication is 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 

environmental side, the focus is on reducing CO  emissions by making metrology processes more efficient. This 

is captured in the target of reducing 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 quality control. 

 

Figure 16: KVI analysis of sub-Pilot 1.2 

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 accelerates processes such as point cloud generation and analysis, eliminating 

the delays of cloud-only approaches, even if it requires replacing outdated gages. On top of this, system enablers 

like edge intelligent services drive long-term cost reductions while M3 software with touch and optical sensors 

lowers the expertise barrier for operators, increasing speed and flexibility without compromising quality. 
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Figure 17: Technical enablers of sub-Pilot 1.2 

Traditionally, Coordinate Measuring Machines (CMMs) worked in isolation, confined to special factory rooms, 

separated from production, and each with its own controller and environment. This approach is incompatible 

with zero-defect manufacturing strategies, which require machines that are connected, intelligent, and secure. 

Through aerOS, 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 a single device, they can combine different hardware and 

measurement tools, selecting the most suitable machine for each task and accessing IoT-connected devices 

whenever needed. 

 

Figure 18: System enablers of sub-Pilot 1.2 

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 of tomorrow. 

 

Sub-Pilot 1.3 

The ñZero ramp-up safe PLC reconfiguration for lot-size-1 productionò use case focuses on establishing a 

versatile production system that demonstrates the potential of modular, efficient, and adaptable manufacturing 

operations. The scenario showcases the integration 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 feasibility of flexible 

manufacturing solutions that overcome the limitations of traditional static production systems. 

The scenario promotes economic sustainability and 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 through KPI#2.1.7, 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 with a target of above 95%, highlighting the system's 

reliability and operational stability. 

 

Figure 19: KVI analysis of sub-Pilot 1.3 

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 to protect sensitive manufacturing information. The system enabler, Siemens 

Industrial Edge computing platform, complements these capabilities by providing reduced latency and faster 

response times for real-time production optimization, while also offering lower infrastructure and maintenance 

costs compared to traditional cloud-based solutions. 
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Figure 20: Technical enablers of sub-Pilot 1.3 

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 Wi-Fi connectivity and industrial-grade protocols. The integration activities focus on implementing key 

aerOS components such as the High-Level Orchestrator (HLO) and self-capabilities, 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 communities) and 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 optimization 

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 responsible resource utilization. 

 

Figure 21: System enablers of sub-Pilot 1.3 

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 success of the implementation, ensuring that the scenario delivers measurable 

improvements in manufacturing efficiency and reliability. 
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  Sub-Pilot 1.4 

Sub-Pilot 1.4 demonstrates AGV Swarm, Zero Break-down 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 are ingested and aggregated by containerized Order Manager 

apps and exposed as NGSI-LD entities in Orion-LD; a synthetic order generator feeds realistic workloads for 

end-to-end tests. When thresholds (e.g., queue length, line/AGV status) indicate overload, an ML-based 

optimizer (Random Forest) dispatches work to the external POLIMI line, where a ROS-based AGV stack, 

executes predictable linear paths for perceived safety, with a Flask/ROS bridge enabling direct missions from 

the front-end ñAGV Commander.ò The multi -domain continuum (NASERTIC entry, MADE edge, POLIMI 

edge) is orchestrated via the aerOS Management Portal with role-based access (aerOS AAA), spanning 

K8s/K3s/Docker to reflect platform-agnostic deployment. Together, this validates order-to-execution flow, 

decentralized logistics intelligence, and smart cross-site allocation in a realistic valve-production scenario. 

Key values are addressed via KVIs/KPIs, technical and system enablers. More specifically, economic impact, 

aggregating orders and batching material moves with the Order Manager, plus ML-guided outsourcing to 

POLIMI, targets shorter order lead time, higher throughput, and reduced logistics cost per unit. KPIs are 

computed from order-state entities and orchestrator logs (e.g., missions per hour, line utilization, outsourced vs. 

local orders). Technical enablers include the dual Order Manager (MADE/POLIMI), the outsourcing optimizer, 

and REST APIs added to MADEôs LEA platform for programmatic order launch and status retrieval. 

 

Figure 22: KVI analysis of sub-Pilot 1.4 

From the environmental sustainability perspective, sub pilot 1.4 pushes computation and control to the edge 

(12 of 13 applications, ~92%, now run at edge IEs), cutting needless traffic to the cloud and enabling local, 

lower-latency decisions that reduce AGV idle time and empty runs. KVIs/KPIs include % workloads at edge 

(baseline ñall cloudò Ÿ ~92% edge after aerOS), AGV travel per delivered order, and energy per mission 

derived from Orion-LD telemetry. These are enabled by Orion-LD semantics (NGSI-LD) and federated 

orchestration over heterogeneous IE nodes. 
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Figure 23: Technical enablers of sub-Pilot 1.4 

Operational safety and reliability are related to ROS navigation stack which was deliberately adapted away from 

reactive local planners toward predictable, orthographic movements; obstacle encounters trigger controlled 

stops (not spin-recovery), improving operator trust.  

Interoperability and scalability are accomplished through continuum spans NASERTIC (entrypoint) and two 

factory domains with K8s/K3s/Docker and mixed ARM64/AMD64 images. Standard interfaces (NGSI-

LD/Orion-LD, REST), containerization, and role-based access (aerOS AAA) are used throughout, measured via 

KVIs like successful cross-domain deployments and API conformance checks. System and technical enablers 

include the aerOS Management Portal, identity services, Orion-LD integration, and packaged apps (Order 

Manager, Order Generator, AGV Commander). 

 

Figure 24: System enablers of sub-Pilot 1.4 

Overall, sub-Pilot 1.4 evidence the aerOS value proposition for lot-size-1 logistics: decentralized intelligence 

to keep lines flowing, external-factory spillover when saturated, and measurable improvements in edge 

execution, utilization, and safety, validated through end-to-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 5.5, Pilot 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 capability to intelligently 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 scenarios: Green 

Edge Processing and Secure Federation of edge/cloud, the pilot validates energy-conscious computing practices 

that align computational workloads with renewable energy availability, delivering measurable improvements 

across environmental, economic, societal, and data privacy sustainability domains.  

The pilot promotes environmental 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, 

energy-aware workload distribution. These are critical given the increasing environmental impact of traditional 

cloud computing infrastructure. The KeVs under this domain include renewable energy utilization 

maximization, energy consumption optimization, and carbon footprint reduction through intelligent task 

scheduling. The KVIs assess operational aspects such as monthly renewable energy consumption, green energy 

share for carbon-aware workloads, and energy efficiency improvements through edge processing. Performance 

is measured through KPI 2.2.1, which targets 20 MWh/month of consumed renewable energy, demonstrating 

substantial energy usage powered by clean sources. Additionally, KPI 2.2.5 measures carbon awareness by 

targeting 60% green energy share for jobs with green energy preference labels, ensuring that environmentally 

conscious workloads are prioritized for renewable energy sources when available. 

Economic sustainability focuses on achieving cost-effective operations through optimized resource utilization, 

efficient task distribution, and scalable infrastructure deployment that maximizes computational efficiency 

while minimizing operational costs. The KeVs in this domain emphasize 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 execution success rates, and 

infrastructure scalability indicators. Performance is measured through KPI 2.2.4, targeting 80% CPU utilization 

efficiency to ensure optimal resource usage and energy conservation through proper autoscaling solutions. 

Furthermore, KPI 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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Figure 25: KVI analysis of Pilot 2 

Societal sustainability addresses 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 energy infrastructure 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 utilization rates, community energy resilience improvements, and technology adoption indicators. 

This domain shares KPI 2.2.1 with the environmental domain, reinforcing the 20 MWh/month renewable 

energy consumption goal. Additionally, KPI 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, community-integrated computing infrastructure. 

Environmental and Economic sustainability is 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, 

computational demand, and network performance, enabling real-time optimization of task distribution to 

maximize green energy utilization. As a result, dynamic energy management and the reduction of operational 

costs occur. 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 may lead to inaccurate sensor readings, which could affect decision-making 

processes. 

The next technical enabler is aligned with environmental sustainability as well as with economic 

sustainability. More specifically, energy-aware 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 availability, computational requirements, and system performance to determine 

the most suitable placement for computing tasks. This can lead to improved energy efficiency 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 riskðincorrect predictions or missed optimizations from 

energy-aware scheduling systems could lead to suboptimal resource allocation or a failure to maximize 

renewable energy utilization when intervention is required. 

 

Figure 26: Technical enablers of Pilot 2 

In the context of economic sustainability, the development of containerized deployment and autoscaling 

technologies has been conducted. These technologies allow intelligent management of computing resources and 

support scalable decision-making for resource optimization. To develop efficient and cost-effective 

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 economically viable. 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 setup, system integration, and staff training. 

From the network and connectivity perspective, federated edge infrastructure management can contribute to a 

stable, reliable, and flexible connectivity between distributed computing nodes. These networks and 

components allow faster data transmission and support real-time analytics across the federated infrastructure. 

They can also enable dynamic execution of load balancing 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 since federated systems introduce 

new complexity, distributed 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 enable real-time autonomous 

scheduling of computing tasks across the federated infrastructure e.g., AI 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 operators. This system enabler 

serves both environmental and economic goals by 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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Figure 27: System enablers of Pilot 2 

Lastly, comprehensive monitoring and analytics infrastructure is a very important aspect especially in case of 

achieving long-term operational sustainability in federated edge computing deployments. This system enabler 

supports the centralized monitoring and distributed analysis of system performance, energy consumption, and 

environmental as well as societal impact. The system has the ability to provide detailed insights effectively 

over time without exponential monitoring overhead. On the other hand, initial capital 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 detailed 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 lack of stable connectivity in rural areas by leveraging edge 

computing and combined with limited network infrastructures such as 4G and 5G, to enable real-time control 

of farming operations without relying on constant cloud access. This is especially important for coordinating 

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 capacity, data protection, and consistent cloud availability. In-vehicle 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 deployment of the MetaOS framework that supports secure and 

efficient automation. 

Pilot 3 addresses environmental sustainability by focusing on reducing energy consumption, CO  emissions, 

and overall resource use in smart farming operations. By executing AI analytics directly at the edge,closer to 

the machinery, latency and reaction times are minimized, enabling faster and more efficient decision-making. 

A key enabler is the use of platooning, where multiple vehicles operate in coordinated formations to optimize 

fuel efficiency and reduce emissions. As part of the pilot, preliminary AI applications have been tested to detect 
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weed in the fields using camera-based analytics, allowing for targeted spraying. This approach significantly 

reduces pesticide use and shortens tractor operation time, contributing to lower CO  emissions. These outcomes 

are directly linked to KPI#2.3.3, which measures emission reductions achieved through collaborative vehicle 

strategies. Overall, the pilot demonstrates how digital technologies can reduce CO  emissions by up to 40% for 

both diesel and electric tractors operating in swarm configurations, supporting the EU Green Deal and 

sustainable rural development objectives. 

 
 

Figure 28: KVI analysis of Pilot 3 

 

Pilot 3 also supports economic sustainability and innovation by enhancing the efficiency and scalability of 

large-scale agricultural production systems. The capability to orchestrate the execution of AI analytics across 

the IoT-edge-Cloud continuum, enables real-time decision-making and automation in the field. The proposed 

application involves the use of deep neural networks to process images from the cameras mounted on the tractor. 

These AI models are trained to identify weed infested areas in real-time in order to optimize spraying paths and 

reduce the amount of pesticide that is used. The efficiency of the AI algorithms is measured in frame per second 

and reflects the performance of AI services executed at the edge on robust hardware platforms operating in 

remote and demanding environments. By leveraging the aerOS framework, the KPI#2.3.2 related to 

performance improvement at the edge has been achieved and the initial FPS rate has been increased by more 

than 20% at field operating speed of 20km/h. 
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The pilot supports societal sustainability by enhancing connectivity capabilities in rural agricultural areas, 

where network infrastructure is often limited. Through the deployment of low-latency networks such as 4G and 

5G, combined with data preprocessing techniques, the pilot improves communication efficiency and enables 

real-time responsiveness in smart farming operations. Each vehicle is equipped with high-performance 

computing platform with improved performances such as GPU: 12.6 FP16 TFLOPS and CPU: SPECint 2006 

score of 22, SPECint rate of 140 GFLOPS. This upgrade allows for advanced processing directly on the 

machine, even in demanding field conditions. These capabilities demonstrate the achievement of KPI#2.3.1, 

which measures performance and connectivity improvements at the single-vehicle level.  

By ensuring reliable, high-speed 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 equipped 

with its own far-edge node running aerOS framework, allowing 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 automation operations 

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 AI analytics at 

the edge. 
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Figure 29: Technical enablers of Pilot 3 
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Figure 30: System enablers of Pilot 3 

 

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 Data, AI/ML, and IoT 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 real-time observability challenges and latency issues, hindering 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 decision-making by improving information availability and presentation. While first-generation IoT 

architectures cannot support advanced computer vision and predictive maintenance services directly at the edge, 

aerOS enables the orchestration of smart edge services. This allows maritime companies to react more quickly 

without relying on high-performance cloud processing. Not only from an operational perspective, but also by 

embracing digital transformation, port terminals like EUROGATE Container Terminal Limassol 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 enhancement of personal health and protection 

from harm, directly addressing SDG#3: Good Health and Wellbeing. By implementing AI-based predictive 
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analytics, maintenance teams can make faster and more accurate decisions, thereby reducing human errors and 

associated safety risks (KeV1). This proactive approach ensures that machinery undergoes maintenance pre-

cisely when needed, minimizing unexpected failures and incidents (KeV2). The anticipated outcomes included 

KPIs such as 20-30% reduction in equipment idle time due to failures or 30-40% increase in the detection of 

equipment malfunctions through automated systems compared to 2023 levels. 

Economic sustainability and innovation are also central to the terminal's digitalization strategy, aligning with 

SDG#9: Industry, Innovation, and Infrastructure. The adoption of AI-enabled early fault detection and opti-

mized scheduling is expected to reduce operational (KeV4) and maintenance costs (KeV6). Furthermore, the 

integration of AI models for predictive maintenance of Container Handling Equipment (CHEs) aims to extend 

their lifespan (KeV3), a higher asset utilization in operation (KeV5). To do so, it was set that at least 80% 

precision and F1-score performance metrics shall be guaranteed. Additionally, the implementation of classifi-

cation AI models for damaged seals is targeted to reach 60% accuracy and F1 scores, enhancing the reliability 

and efficiency of operations. 

Finally, the terminal plans to implement autonomous container seal inspections, simplifying operational 

processes, contributing also to Simplified 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 automation was achieved by 

fulfilling KPI -2.4.3, leading to a 30-40% increase in the detection of actual damaged containers, comparing 

manual reports by staff to automatic system reports. 
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Figure 31: KVI analysis of Pilot 4 
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Figure 32: Technical enablers of Pilot 4 
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Figure 33: System enablers of Pilot 4 

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 5.5, Pilot 5 addresses the complex challenges created by the COVID-19 

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 energy efficiency. The pilot 

demonstrates the use of the aerOS platform, integrating real-time data processing, AI, 5G, and IoT technologies 

to autonomously optimize building operations. It delivers measurable improvements across multiply 

sustainability domains and beyond: environmental, societal and personal health, economic, and data privacy. 

The pilot contributes to environmental sustainability through the reduction of energy consumption, resource 

wastage and enhancing real-time edge processing capabilities. The KeVs under this domain include energy 

efficiency and processing responsiveness. The KVIs measure operational aspects such as working area energy 

consumption, utilization efficiency in far-edge nodes, and reductions in communication latency. Performance 

is measured through KPI#2.5.1 achieving a 20% reduction in daily energy consumption via frugal AI and edge 

processing. In addition, KPI#2.5.2 measures 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 sustainability focuses on improving the health, well-being, 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 ensuring air quality, minimizing health-related 

workplace disruptions, and supporting a balanced working environment. The KeVs include reduced health 

incidents, maintaining air quality, and deploying health monitoring systems. KVIs track metrics such as an 

improvement in air quality, decreases in disruptions, health monitoring index, CO2 emission cuts, and 
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improvements in productivity. This plot adopts KPI#2.5.1 from the environmental sector, citing once more the 

20% energy consumption drop. Besides, KPI#2.5.7 ensures air quality by restricting CO  concentration to 

below 600 ppm, a threshold compatible with health safety policies and KPI#2.5.8 assessing seven AI models 

deployment during the trial to ensure adaptive and intelligent monitoring of the environment. 
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Figure 34: KVI analysis of Pilot 5 

Economic sustainability focuses on creating operational efficiency, scalability, and coordination of resources 

in operations within buildings. KeVs in this domain are focused on enabling cost-low operations, enabling 

seamless scaling of services, and making deployment of digital services simple. The KVIs are all relevant to 

energy saving, flexibility, and maximized service orchestration. Along with reuse of KPI#2.5.1 on energy 

efficiency, this category includes KPI#2.5.4 (target: 99.99% availability of service), KPI#2.5.5 (target: <10 

minutes for deploying service), and KPI#2.5.6, which counts the number of services under direct control by the 

aerOS orchestrator with a target of three services autonomously managed. 

Finally, Pilot 5 covers Privacy and confidentiality domain by applying strong authentication and authorization 

in the IoT environment. The benefit here is end-to-end security during data transfer and processing. Relevant 

are KPI#2.5.2, sustaining latency of below 100 milli seconds in order to enable safe and timely data exchange, 
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and KPI#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, the Environmental and Economic sustainability can be addressed 

through IoT-based monitoring sensors, These sensors contribute to a dynamic and energy-efficient 

environmental management. These sensors monitor parameters such as temperature, occupancy, and power 

consumption in real-time, enabling real-time energy optimization. This leads to dynamic energy management 

and reduction of operational costs. That can have a direct impact on lowered energy consumption and wiser 

utilization of resources. However, 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 

decision-making processes. 

 

The next technical enabler is aligned with Societal sustainability as well as with Personal health and 

protection from harm. More specifically, calculating and continuously monitoring the Health Index of indoor 

environments is very important to ensure employee well-being. This involves collecting sensor data for air 

quality, humidity, temperature etc. to determine the suitability of a workspace. A roomôs health index, as a 

metric, reflects the overall quality of the indoor environment with regard to human comfort and safety. By 

combining important environmental factors including temperature, humidity, CO  levels, and PM into a single 

easily comprehensible number between 0 and 100, this score contributes to the larger objective of encouraging 

healthier and more energy-efficient workplaces. This can lead to an improved workplace health and well-being 

since it can provide early detection of harmful environmental conditions. However incorrect alerts or missed 

detections from health monitoring systems could lead to false alarms or a failure to act when intervention is 

actually required. 

 

Figure 35: Technical enablers of Pilot 5 

In the context of Personal health and protection from harm, the development of an  AI 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 AI, 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 transparent way. These attributes can provide assurance to stakeholders that 

health-related interventions are based on explainable logic. The implementation of a trustworthy AI system may 

come with high investment cost such as training data, cybersecurity, and system validation.  

 

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 transmission and support real-time analytics at the edge. They can also enable 

dynamic execution of security protocols as well as improve trust among the stakeholders, supporting Privacy 

& Confidentiality . Beside all these benefits, careful management of access controls, encryption, and anomaly 

detection is essential since 5G introduces a new attack surface since connected devices can act as cyber-attack 

entry points. 

 

Smart actuator systems are a vital connection between digital decision-making and physical action. Stimulated 

by AI, they enable real-time autonomous responses to changes in the building environment e.g., ventilation, 

lighting, or temperature control on the basis of sensor data. In that way, it maintains an indoor setting healthy 

and adaptable without any intervention from humans. This system enabler serves both health and 

environmental goals by reducing energy waste and encouraging occupant safeguarding. However, it is possible 

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

 

Figure 36: System enablers of Pilot 5 

 

To address Privacy and confidentiality, a secure end-to-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 system that collects, 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 architectures like edge computing. 

 

Lastly, scalability and cost-efficiency are very important aspects, especially in case of achieving long-term 

Economic sustainability in smart building deployments. This system enabler supports the centralized 
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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 can be significant. 
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8. Conclusions 

Deliverable D5.6 concludes the validation and evaluation cycle of the aerOS project by presenting all 

evidence from the technical, operational, and impact assessments conducted in the frame of the last project 

phase. Evidence from extensive cross-domain testing and pilot deployments underlines that aerOS 

successfully demonstrated the maturity and robustness of its Meta-Operating System approach for the Cloud-

Edge-IoT continuum. Coordinated and integrated validation activities across five pilots in manufacturing, 

energy, agriculture, ports, and buildings confirmed that the aerOS framework enables interoperability, 

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 optimizing edge-cloud resource allocation. 

Pilot-level KPIs further underlined the flexibility of the architecture by showing quantifiable benefits with 

respect to operational efficiency, energy consumption reduction, CO  emission mitigation, and automation. 

These were supplemented by the impact KPIs, which showed that significant advancement has been achieved 

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

European digital domain and 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 requirements were met, hence underlining that the resulting aerOS solution is both 

technically and industrially relevant. Results prove that aerOS is ready for large-scale adoption and can serve 

as one of the key foundational enablers for next-generation, federated, and intelligent digital ecosystems in 

Europe. Overall, the results presented in this deliverable provide evidence for the project vision: designing a 

unified intelligent and secure Meta-OS, which will be able to connect cloud and edge infrastructures in a 

seamless way, enabling interoperability, efficiency, and sustainability across various sectors. 



D5.6 ï Technical evaluation, validation and assessment report (2) 

 

79 

References 

[1] ñD5.5 ï Technical evaluation, validation and assessment report (v1.0),ò aerOS Project Deliverable D5.5, Aug. 

31, 2024. [Online]. Available: https://aeros-project.eu/wp-content/uploads/2024/09/aerOS_D5.5_v1.0-subm.pdf  
[2] G. Wikström, J. Gulliksen, M. Bergvall-Kåreborn, A. Andersson, C. Hägglund, A. Grünloh, S. 

Tolmie, S. Couture, and D. Laurell, ñKey value indicators: A framework for values-driven next-gen-

eration ICT solutions,ò Telecommunications Policy, vol. 48, no. 6, article no. 102778, Jul. 2024. doi: 

10.1016/j.telpol.2024.102778.   

 

https://aeros-project.eu/wp-content/uploads/2024/09/aerOS_D5.5_v1.0-subm.pdf
https://www.sciencedirect.com/science/article/pii/S0308596124000752


D5.6 ï Technical evaluation, validation and assessment report (2) 

 

80 

A. Appendix A. Validation Activities  
 

The following sections describe the last activities performed by each pilot. All the Validation activities ïincluding KPIsðand the pending Integration activ-

ities, reported on the previous D5.4. Together with these activities, descriptions of the pilots and their scenarios can be found. 

Pilot 1 ï Data-Driven cognitive production lines 
Pilot 1 is divided into 4 Sub-pilots (1.1, 1.2, 1.3 and 1.4) being the Business Process (BP) the part of the code that references it, hence BP1 for Pilot 1.1, BP2 

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 moves intelligence to the edge, standardizes 

live context with NGSI-LD, and enables resilient, multi-site operations. In P1.1, the drone line was fully connected to aerOS to deliver real-time CO /PCF data, 

footprint prediction beyond target for the two main product types, 100% product coverage, and model setup time collapsing from minutes to under a secondð

showing tangible gains in sustainability and data transparency. P1.2 shifted metrology from manual, on-site procedures to remote, autonomous operation: 

dockerized OPC-UA services and self-recovery raised accuracy, cut programming time from ~10 days to just over two, and lifted throughput beyond five 

parts/hour while maintaining secure access and a live digital twin of each station. P1.3 proved the reuse of containerized ñskillsò for AGVsðautonomous 

docking for wireless charging and coordination with robot-arm cellsðlifting availability to 96% and usage to 84% without major hardware changes. P1.4 

extended optimization across sites via federated orchestration and shared context, reducing AGV trips by ~39% and CO  emissions by ~39.4% for the validated 

flow. Collectively, Pilot 1 evidences measurable gains in sustainability, accuracy, efficiency, and productivity, validating aerOS as the connective tissue for 

cognitive production lines. 

 

PILOT 1  2024 2025 

Code Name 
M1

9 M20 M21 

M2

2 M23 

M2

4 M25 M26 M27 M28 M29 M30 M31 

M3

2 M33 M34 M35 M36 M37 

M3

8 

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                     

Development Activities                     

P1-BP1-DA4 Definition of IT architecture                     

P1-BP1-DA5 

Communication infrastructure developed 
or adapted                     
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P1-BP1-DA6 APIs setup                     

P1-BP1-DA7 Software configuration / development                     

Integration Activities                      

P1-BP1-IA8 

Identification of place of deployment in 
current architecture                     

P1-BP1-IA9 Requirements definition for deployment                     

P1-BP1-IA10 Test energy data collection                     

P1-BP1-IA11 

Adjust equipment configuration accord-

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                     

P1-BP1-IA15 

Integration of data analysis service for 
reports and statistics creation                     

P1-BP1-IA16 

Creation of a future prediction of the 

CO2 footprint for each product                     

P1-BP1-IA17 Experimenting with Gaia-X services                     

Validation Activities                      
P1-BP1-

VA18 Data quality verification                     
P1-BP1-

VA19 Digital Product Passport implementation                     
P1-BP1-

VA20 Improvement activities                     
P1-BP1-

VA21 KPIs validation                     
P1-BP1-

VA22 Qualitative validation                     
P1-BP1-

VA23 Evaluation and reporting                     
Pilot 1.2 - (Business Process 2) - Automotive 

Smart factory Zero defect manufacturing                     

Setup & Procurement Activities                     

P1-BP2-SA1 

Installation of control camera in the 

CMM                     

P1-BP2-SA2 

Installation of pressure sensor in the 
CMM                     

Development Activities                     

P1-BP2-DA5 

Enable Software-based control services 
and IoT hub for collection and brokering 

for instrumentation information                     

Integration Activities                      

P1-BP2-IA6 aerOS Components                     

Validation Activities                      
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P1-BP2-VA7 

Remote configuration/set-up of the 

CMM instrumentation robotic and kine-
matic configuration                     

P1-BP2-VA8 Remote tactile operation of CMM                     

P1-BP2-VA9 

aerOS assist and optimize the process of 
Digital Twin creation                     

P1-BP2-

VA10 

Dynamic execution of metrology ser-

vices and Data assembling                     
P1-BP2-

VA11 

KPI 2.1.1: Production process accuracy  
>10% baseline                     

P1-BP2-

VA12 

KPI 2.1.2: Digital service programming 

time 2 days                     
P1-BP2-

VA13 

KPI 2.1.3: Dimensional quality control 
productivity 5parts/hr                     

Pilot 1.3 - (Business Process 3) - Zero 

Ramp-up safe PLC reconfiguration for Lot-

Size-1 Production                     

Setup & Procurement Activities                     

P1-BP3-SA3 

 Procurement and setup of 2 robot arm 

modules                     

P1-BP3-SA5 Setup Tech Hall Network                     

P1-BP3-SA6 Procurement camera for robot arm                     

P1-BP3-SA7 Setup AI camera detection                     

P1-BP3-SA8 

Procurement and setup gripper for robot 
arm                     

Development Activities                     

P1-BP3-DA2 AGV Fleet Manager                     

P1-BP3-DA3 

Device simplified programming over 

low code tools                     

P1-BP3-DA5 Siemens Industrial Edge configuration                     

P1-BP3-DA6 Integration of TSN in a domain                     

Integration Activities                      

P1-BP3-IA2 

Custom LLO for Siemens Industrial 

Edge device                     

P1-BP3-IA3 Communicate domains using open ziti                     

P1-BP3-IA4 aerOS Basic components                     

P1-BP3-IA5 aerOS Non Basic components                     

P1-BP3-IA6 

Definition of data federation ï and 
achieving such federation                     

Validation Activities                      

P1-BP3-VA1 KPI 2.1.7 validation: AGV usage > 80 %                     

P1-BP3-VA2 

KPI 2.1.8 validation: AGV availability > 

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                     

P1-BP4-SA3 

Procurement and setup of Raspberry Pi 

POLIMI                     

P1-BP4-SA4 

Procurement and setup of Raspberry Pi 

MADE                     

P1-BP4-SA5 Setup of Domain Infrastructure                     

P1-BP4-SA6 

Setup of Dedicated network for MADE 

Domain                     

Development Activities                     

P1-BP4-DI1 

Development/containerisation of overlay 

Order management application at MADE                     

P1-BP4-DI2 

Development/containerisation of overlay 
order management at POLIMI                     

P1-BP4-DI3 

Development of Synthetic order genera-

tor application                     

P1-BP4-DI4 Development of order backend persistor                     

P1-BP4-DI5 

Setting up POLIMI Side AGV Naviga-

tion System                     

P1-BP4-DI6 

Development of AGV POLIMI side 
front end                     

P1-BP4-DI7 

Development of Communication Api be-

tween AGV Nav. And POLIMI Front 
end app                     

P1-BP4-DI8 

Development of AI model to optimize 

the number of valves                     

Integration Activities                      

P1-BP4-IA4 aerOS Basic components                     

P1-BP4-IA5 aerOS Non Basic components                     

P1-BP4-IA6 

Integrate Applications With Orion Con-

text broker                     

P1-BP4-IA7 

APIs acces provision for existing Or-

der/infrastructure management for 
MADE                     

Validation Activities                      

P1-BP4-VA1 Validation of KPI 2.1.9                     

P1-BP4-VA2 Validation of KPI 2.1.10                     
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For sub-pilot 1.1, the activities carried out are related to the aerOS non-basic components, the integration of 

data analysis service for reports and statistics creation, the data quality verification, the improvement activities, 

the KPIs validation, the qualitative validation, and the evaluation and reporting. For sub-pilot 1.2, the activities 

carried out are related to the remote configuration/set-up of the CMM instrumentation robotic and kinematic 

configuration, the remote tactile operation of CMM, the assistance and optimisation of the process of Digital 

Twin creation, and the dynamic execution of metrology services and Data assembling. For sub-pilot 1.3, the 

activities carried out are related to the validation of KPIs 2.1.7 and 2.1.8. Finally, for sub-pilot 1.4, the activities 

carried out are related to the distributed order management across MADE and POLIMI domains, the AGV path 

planner and navigation system, the AI/ML-based outsourcing model, the Edge-first deployment of aerOS ser-

vices, the integration with Orion-LD and inter-domain communication, and the validation of KPIs 2.1.5 and 

2.1.9. All of these activities will be described in detail below. 

 

Green manufacturing (zero net-energy) and CO2 footprint monitoring 

Pilot 1 ï Business Process 1 ï Activity - 13 (P1-BP1-IA13): aerOS non-basic components 

The non-basic components required for our pilot have been installed and are listed in the image below. These 

components are part of the embedded-analytics-tool necessary for the long-term storage of the data, function 

deployment and dashboard visualization. 

 

Figure 37: Pilot 1.1. aerOS non-basic components 

The remaining non-essential components, such as Self-Scaling, Data Catalog, Trustworthiness Score, and 

Benchmarking Tool, which we initially lacked, are now also installed and running.  

 

 

Figure 38: Pilot 1.1. Benchmarking Tool in the Management Portal (aerOS non-basic components) 
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Figure 39: Pilot 1.1. Data Catalog available in the management portal 

Pilot 1 ï Business Process 1 ï Activity - 15 (P1-BP1-IA14): Integration of data analysis ser-

vice for reports and statistics creation 

The DeepSeek-R1 1.5B LLM model for data analysis and report generation was tested within SIPBBôs aerOS 

Meta OS system, deployed as an additional pod in one of aerOS domains (deployed over a Kubernetes cluster). 

The goal of the reporting function -that is used inside aerOS via the triggering of an Embedded Analytics Tool 

(EAT) function- is to support production optimization and the reduction of the overall CO2 footprint.  

The model takes production-related input data, such as machine-level energy consumption and process param-

eters, and generates reports that highlight patterns of energy use and their impact on emissions. These reports 

are designed to provide actionable insights, for example identifying which stations or drone types contribute 

most to CO2 output and suggesting optimization strategies such as keeping high start-up-cost machines 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 therefore decided to adapt our approach and integrate cloud-based LLMs via API 

instead. 

The reporting service is now fully operational: it produces scheduled analyses and integrates with SIPBBôs 

existing dashboards. The reports provide tangible benefits, including anomaly detection and clearer attribution 

of CO  hotspots to specific stations and process steps. This enables faster decision-making within the production 

facility, reduces unplanned downtime, and supports continuous improvement toward lower energy usage and 

emissions. 

Pilot 1 ï Business Process 1 ï 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 reviewed by a technical expert. 

CO /PCF prediction accuracy: 

We assessed the quality of CO  footprint predictions (product and machine level) by comparing predicted values 

with actuals and tracking accuracy over time. This aligns with our KPI 2.1.4 Accuracy of the CO2-footprint 

prediction (%), evaluated order-by-order 

Pilot 1 ï Business Process 1 ï Activity 20 (P1-BP1-VA20) - Improvement activities 

Real-time data access & monitoring : 

We continuously optimized the data-pipeline 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: 

It is now possible to retrieve CO /PCF (Product Carbon Footprint) data for specific products on demand via 

dashboards and APIs, which enhances greatly improved transparency and enables quicker, evidence-based de-

cisions. 

 

Pilot 1 ï Business Process 1 ï Activity 21 (P1-BP1-VA21) - KPIs validation 

Check KPIs section for more information (Section 4).  

Pilot 1 ï Business Process 1 ï Activity 22 (P1-BP1-VA2) - Qualitative validation 

Please refer to the KeVI analysis in Section 7. 

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

Check section 4. 

Automotive Smart Factory Zero Defect Manufacturing 

Pilot 1 ï Business Process 2 ï Activity 8 (P1-BP2-VA8) ï Remote configuration/set-up 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 of the robotic parts to the kinematicðmovement related variablesð

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 machineðin this case a CyberSparkðand saved in the system. 
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Figure 40: Pilot 1.2 Setup and Configuration of a CyberSpark 

 

Figure 41: Pilot 1.2 CMM CyberSpark available 

Pilot 1 ï Business Process 2 ï 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. The following 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 on real-time. 
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Figure 42: Pilot 1.2 Cyberspark remote control with 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 a valuable ability to operate and set-upðin a flexible mannerðall these indus-

trial services across the IoT and Edge domains. 
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Figure 43: Secondary machine remote control with virtual joystick 

 

Pilot 1 ï Business Process 2 ï Activity 10 (P1-BP2-VA10) ï aerOS assist and optimize the 

process of Digital Twin creation. 

The Human-Machine Interface (HMI) communicates directly with the M3 software, receiving real-time data 

streams from various sensors integrated into the metrology setup. This data includes key operational metrics 

such as compressed air pressure and flow, temperature, 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 

aerOS-enabled computing continuum, providing a live, virtual representation of the machine. This enables con-

tinuous, remote monitoring of its status and behaviour. 

Through aerOS, 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 the 

data needed to maintain an accurate and responsive Digital Twin of the CMMs. 
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Figure 44: Pilot 1.2 HMI Digital Twin 

 

Pilot 1 ï Business Process 2 ï Activity 11 (P1-BP2-VA11) ï Dynamic execution of metrology 

services and Data assembling  

The Data Assembler plays a key role in enabling real-time metrology by collecting and organizing data from 

multiple sources within the IoT 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 measurement workflows. 

Thanks to this component, metrology services can now be executed in a semi-automated manner, requiring only 

minimal intervention from the metrologist. This significantly reduces the overall duration of measurement pro-

cesses by offloading repetitive and data-intensive tasks that were traditionally handled manually. 

 

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

Pilot 1 ï Business Process 3 ï Activity - 1 (P1-BP3-VA1): 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 manual labour. In 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 no time is 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 AGVs. In the previous setup, AGVs required about 2 hours of charging 

per workday, plus roughly 30 minutes spent waiting for someone to manually plug in or unplug the power 

supply unit (PSU). Altogether, this meant that a maximum of 5.5 hours per 8-hour day were left for productive 

operation ð equivalent to a 69% productivity rate. 

With the new on-demand 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%, which represents a 27% increase in daily productivity. 

 

Figure 45: Pilot 1.3 AGV Availability Before & after aerOS comparison 

Pilot 1 ï Business Process 3 ï Activity - 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 relocate 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%. With their newly acquired tasks, they have now 

increased their overall usage to over 84%, which represents a 30% increase. 

After aerOS Before aerOS 
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Figure 46: AGV Usage Before & After aerOS comparison 

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 this way, 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 foundation for future skill 

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, one of the available 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 has therefore resulted 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 ï Business Process 4 ï Activity - 1 (P1-BP4-VA1): 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 more efficient order scheduling, achieving measurable reductions in 

unnecessary AGV trips and idle time, the numerical results can be observed in (KPI 2.1.9) 

 

After aerOS Before aerOS 
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Figure 47: Order Manager App: Batching 

Pilot 1 ï Business Process 4 ï Activity - 2 (P1-BP4-VA2): AGV path planner and navigation 

system 

The ROS-based navigation system was validated within the POLIMI domain. Validation confirmed that AGVs 

could reliably follow pre-defined linear paths with collision detection and stop mechanisms, ensuring 

predictability and safety in a factory environment. The tests demonstrated the improved perceived safety of 

AGVs compared to conventional dynamic obstacle-avoidance methods. 

 

 

Figure 48: ROS Based Navidation system 

 

Pilot 1 ï Business Process 4 ï Activity - 3 (P1-BP4-VA3): AI/ML -based outsourcing model 

The AI-driven outsourcing module was validated in scenarios where MADEôs line was saturated.  

Prior to aerOS, functionality was being accomplished by a cloud-based 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 efficiency 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 existing system. 

The model, based on random forest classification, correctly predicted outsourcing decisions with high reliability, 

ensuring that POLIMI could take over orders dynamically. This confirmed aerOSôs ability to support resilience 

and continuity in production chains. 
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Pilot 1 ï Business Process 4 ï Activity - 4 (P1-BP4-VA4): Edge-first deployment of aerOS 

services 

The experiment confirmed the successful migration of nearly all pilot applications to the edge, supported by 

dual-architecture containerization. Out of 13 deployed applications, 12 (92%) now run on edge nodes, while 

only 8% remain cloud-dependent. 

 

 

 Cloud Edge 

Before aerOS All Cloud based  

After aerOS 

Order Manager @Context (MADE), Order Generator, Orion-LD (MADE), 

MongoDB (MADE), OM-MADE, ML Module, @Context 

(POLIMI), Orion-LD (POLIMI), MongoDB (POLIMI), OM-

POLIMI, Button, AGV Path planner 

 

 

 

Figure 49: POLIMI Domain  

Pilot 1 ï Business Process 4 ï Activity - 5 (P1-BP4-VA5): Integration with Orion -LD and 

inter-domain communication 

The Orion-LD 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 standardized data exchange across the continuum. 
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Figure 50: Request to Orion-LD to retrieve entities of type Order 

 

Pilot 1 ï Business Process 4 ï Activity - 6 (P1-BP4-VA6): 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 case the 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 inside Orion-LD. Finally, we used a Python 

script to query all the data and save this in an excel format. 
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Figure 51: Pilot 1.4 Python script query all the data and save in an excel format. 

For baseline case, it is possible to directly use the order quantity to calculate the average number of valves per 

travel from the order quantity. 

 

 

Figure 52: Pilot 1.4 Number of valves per travel from the order quantity 

 

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 shows a snapshot of this process 



D5.6 ï Technical evaluation, validation and assessment report (2) 

 

97 

 

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. 

Parameter Final Initial  delta 

Percentage 

reduction 

Valves / travel 4.95238 3 1.95238  

Travels / valves 0.201923 0.333333 -0.13141 -39.42% 

CO2 emissions reduction 

(Kg/year) 61,56 101,632 - 40,06 -39.42% 

 

All the underlying data is available in both the Orion-LD as well as the MADE LEA System and it is possible 

to verify the same on request. 
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Pilot 2 ï Data-Driven cognitive production lines 
Pilot 2 has validated aerOS scheduling and federation with node pools and semi-automatic placement across edge and cloud for Earth Observation and energy 

workloads, tracking gains in energy use, CPU efficiency, and job completion while proving a hardened stack (monitoring, autoscaling, certificates, storage, 

CNI) on bare-metal edge nodes. 

 

Pilot 2 2024 2025 
Code Name M19 M20 M21 M22 M23 M24 M25 M26 M27 M28 M29 M30 M31 M32 M33 M34 M35 M36 M37 M38 

Business Process 1 (Scenario 1) - Green 

Edge Processing                     

Setup & Procurement Activities                     

P2-BP1-SA1 

A1- Obtaining servers and 

switches              
 

      

P2-BP1-SA2 

A2 - Obtaining RACKs, 

servers and switches for 

second container              
 

      

P2-BP1-SA3 

A3 - Preparation for un-

trusted workloads              
 

      

Development Activities                     

P2-BP1-DA4 

A4 - HW installation and 

run test in container                     

P2-BP1-DA5 A5 - K8s setup and test                     

P2-BP1-DA6 

A6 - HW installation and 

run test in the LAB                     

P2-BP1-DA7 

A7 - Containerized Edge 

Node Integration with Elec-

trum components                     

P2-BP1-DA8 

A8 - Containerized Edge 

Node Integration with SRI-

PAS components                     

P2-BP1-DA9 

A9 - Lab Edge Node Inte-

gration with aerOS compo-

nents                     

P2-BP1-DA10 

A10 - Autoscaler monitor 

Development                     

P2-BP1-DA11 

A11 - Development of fu-

ture Energy Price micro-

services                     
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P2-BP1-DA12 

A12 - Development of DF 

the data sources connectors                     

Integration Activities                      

P2-BP2-IA10 

A10 - First Containerized 

Edge Node Integration with 

Electrum components                     

P2-BP2-IA11 

A11 - First Containerized 

Edge Node Integration with 

SRIPAS components                     

P2-BP2-IA12 

A12 - Container deploy-

ment                     

P2-BP2-IA13 

A13 - Container connection 

to PV                     

P2-BP2-IA15 

A15- aerOS Basic compo-

nents                     

P2-BP2-IA16 

A16 - aerOS Non Basic 

components                     

P2-BP2-IA17 

A17 - Energy Price micro-

services integration                     

P2-BP2-IA18 

A18 - Container deploy-

ment in new location                     

P2-BP2-IA19 

A19 - Container connection 

to PV (second green energy 

source)                     

P2-BP2-IA20 

A20 - aerOS Basic compo-

nents(up-to-date version)                     

P2-BP2-IA21 

A21 - Integration in the DF 

the next data sources                     

Validation Activities                      

P2-BP2-VA17 

A17 - First Containerized 

Edge Node test                     

P2-BP2-VA18 A18 - K8s setup and test                     

P2-BP2-VA19 

A19 - Second Container-

ized Edge Node test                     

P2-BP2-VA20 

A20 - Both Containerized 

Edge Node run test with 

aerOS                     

P2-BP2-VA21 

A21 - HW installation and 

run test in container                     
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P2-BP2-VA22 

A22 - Scenario 1 deploy-

ment and test                     

P2-BP2-VA23 

A23 - Scenario 1 lessons 

learned                     

P2-BP2-VA27 

A27 - KPI validation (1st 

version)                     

P2-BP2-VA28 A28 - KPI validation (final)                     
Business Process 2 (Scenario 2) - Secure 

Federation of edge/cloud                     

Setup & Procurement Activities                     

Development Activities                     

Integration Activities                      

P2-BP2-IA14 

A14 - Inter-cloud integra-

tion                     

Validation Activities                      

P2-BP2-VA24 

A24 - Configuration Vali-

dation test                     

P2-BP2-VA25 

A25 - Scenario 2 deploy-

ment and test                     

P2-BP2-VA26 

A26 - Scenario 2 lessons 

learned                     
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Pilot 2 ï Business Process 1 ï Activity - 17 (P2-BP1-VA17): First Containerized Edge Node 

test 

Power and temperature parameters were checked and successfully verified. 

 

Figure 53: RackChiller Rear Door Display 

 

Pilot 2 ï Business Process 1 ï Activity - 18 (P2-BP1-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 to kubeadm and 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 name ï based on hostname configured for server, aeros.cloud-

ferro.com/nodepool=aeros1-compute label ï identifier of node kind for purposes of autoscaling, and ProviderID 

field ï 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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Figure 54: Example node on Pilot 2ôs edge cluster 

Pilot 2 ï Business Process 1 ï Activity - 19 (P2-BP1-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 2 ï Business Process 1 ï Activity - 20 (P2-BP1-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 of the nodes. This works for both edge nodes. 

After changes to LLO and introduction of autoscaler-monitor it is possible to create Service Components with 

nodepools as target IEs ï in such case scheduling within a nodepool/domain is done by kube-scheduler. 

Edge domains have been federated with entrypoint domain and are visible in management portal. They can also 

be queried from krakend API gateway. 

Pilot 2 ï Business Process 1 ï Activity - 21 (P2-BP1-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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Figure 55: Hardware within the container 

 

Pilot 2 ï Business Process 1 ï Activity - 22 (P2-BP1-VA22): Scenario 1 deployment and test 

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

pared. 

Pilot 2 ï Business Process 1 ï Activity - 23 (P1-BP1-VA23): Scenario 1 lessons learned 

Gained hands-on experience with Kubernetes as a container orchestration tool, including cluster setup and au-

tomated persistent storage allocation. Learned how to configure services using Nginx Ingress Controller for 

internal communication. Developed and deployed Helm manifests to define and manage application resources 

declaratively. Improved understanding of service configuration, device monitoring integration, and overall Ku-

bernetes-based 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 2 ï Business Process 1 ï Activity - 27 (P2-BP1-VA27): KPI validation (1 st 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 process of KPI validation can be observed in Section 4 and Appendix C of 

this deliverable. 

A version of management portal allowing scheduling in semi-automatic mode was installed. This feature was 

necessary to test most of Pilot 2ôs KPIs. Workloads need to be set to be scheduled to one of a selected group of 

IEs. In this case, these selected IEs would be nodepool IEs. Such scheduling would make aerOS choose an 

appropriate domain for the workload and kube-scheduler would handle scheduling inside each domain. 

With semi-automatic 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 aeros1 and 
































































































































































































































































































































































































































































































































































































































































































































