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Who are we?
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• Why current and future applications require processing at edge and 
far-edge devices ?

• Why AI? Why now?

• Why DT? Why now?

• Efficient, versatile, expandable end-to-end infrastructures

• Digital Twin Architectures able to effectively exploit all previous

• Examples :
• Localisation systems
• Systems promoting Inclusiveness and healthcare
• XR/VR systems
• Beyond SotA communication technologies (6G/ISAC)

Outline
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Why processing at edge/ far-edge ?
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• When to push down
• Tight latency constraints

• High data rates (video/LiDAR)

• Intermittent connectivity

• Local autonomy for safety

• Security and Privacy

• When to push up
• Fleet learning and global optimization

• Long-term storage and compliance

• Cross-site analytics

• Model training at scale



A New Era of Applications
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• Cloud is a centralized infrastructure: 
• Latency and response time is often a critical 

part, especially when you deal with human 
life or emergency procedure

• Bandwidth and Capacity Cost are high
• Security and Privacy – transmitting device 

data over any open and public network is 
risky 

• Power consumption – Cloud computing is 
energy-hungry 

• Data obesity 

➢Car @120 KM/h → 23 meters in 
700 ms (ideal)



• Why AI? 
• AI can solve previously unsolved problems 

• Some problems are easy to solve 

• Some problems are not

• Why now? 

Why AI, Why now ?
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• At the edge

• Perception (vision, audio, radar)

• Sensor fusion and anomaly detection

• Local decision support

• Privacy-preserving processing

• In the cloud

• Model training and evaluation

• Fleet-level learning

• Global optimization and planning

• Data governance and monitoring

Where AI Fits in the CPS Stack
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• A digital twin is a living virtual model of a 
product, asset, process, or organization — 
continuously fed by data so teams can test 
decisions before changing the real world.

Why DT? 
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Sense

live data

Model

virtual replica

Simulate

what-if scenarios

Optimize

better actions

What this unlocks

Reduce risk

Test failures, bottlenecks, and trade-offs 
safely.

Cut cost & downtime

Predict maintenance and optimize 
operations.

Accelerate innovation

Run thousands of scenarios before 
committing capital.



Why now?
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IoT + sensors: real-time data is accessible

Cloud + edge: compute is scalable

AI + gen AI: models are faster to build and query

Business volatility: scenario planning is mandatory



Data 
Storage

End-to-End Infrastructure
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Data 
Processing

Data retrieval from 
sensors (BLE, WiFi, 

5G/6G)
Edge Layer

Cloud Layer

Edge Processing
AI inference near the source

Lightweight DT synchronization

Digital Twin Domain
Physical Models 

Behavioral Models

Digital Twin Functionalities
AI/Analytics Models

Digital “Representation” Synchronization



• Wireless Sensor Networks
• Sensors

• Actuators

• IoT Gateway
• Edge-Cloud Middleware.

• Edge Streams Aggregation Point. 

• Multi Wireless interfaces support.

• BLE, Wi-Fi, 5G/6G

Wireless Sensor Networks & GW Architecture

4.6.26 11Embedded System Design & Applications Laboratory



• Microservices Architecture
• Independent Deployment of Services
• Improved Scalability and Fault Isolation
• Technology flexibility across services

• Kubernetes as Orchestration Platform
• Automated Deployment & Management
• Auto-scaling and load balancing
• Self-healing and high availability

• Docker for Container Virtualization
• Lightweight Containerized Environments
• Dependency Isolation & Portability

Cloud Infrastructure
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• A smart city digital twin relies on a 
number of layers of data that 
build on top of each other, layering in 
information about the terrain, 
buildings, infrastructure, mobility, 
and IoT devices.

• The digital twin uses the data 
generated in the virtual smart city 
layer to perform 
additional simulations

• This information is fed back through 
the layers of the model, where it can 
be 
implemented in the physical world. 

A DIGITAL TWIN SMART CITY 
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The “4” refers to the four core 
elements, which are: 

• Infrastructure

• data resources

• platform capacity

• application scenarios. 

The “5”refers to the five major 
external 
supporting elements of digital 
twin cities: 

• strategy and mechanisms

• Stakeholders

• funding and business 
models

• standards and evaluation

• cybersecurity. 

Digital Twins Architecture: “4+5” framework
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Metacities Architecture
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Localization systems
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Indoor localization as an Edge AI use case
Indoor localization enables assistance, monitoring, security and context-
aware services in living and operational spaces. The challenge is to 
estimate reliable positions using low-cost IoT/CPS devices under noisy, 
dynamic wireless conditions.

BLE / RSSI
low-cost sensing with COTS 

devices

Edge
gateways collect lightweight 

measurements

AI
models compensate noisy radio 

signals

Why it matters

• Indoor environments break GPS-like assumptions

• RSSI is cheap but affected by obstacles and multipath

• AI and filtering turn noisy signals into usable location estimates



Localization Process
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The localization flow is implemented as an end-to-end pipeline: lightweight RSSI collection at the edge, enrichment and signal processing, 
ML-based distance estimation, and final position estimation for visualization or higher-level services.

RSSI
Collection

Data
Enrichment

RSSI Processing
& Filtering

ML Distance
Estimation

Location
Estimation

Visualisation
/ Services



Signal Processing and AI
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Indoor localization enables assistance, monitoring, security and context-aware services in living and operational spaces. 
The challenge is to estimate reliable positions using low-cost IoT/CPS devices under noisy, dynamic wireless conditions.

Filtering noisy RSSI windows
raw signal

filtered / selected chunk

LoS / NLoS classification

96%
Random Forest 

accuracy

0.96
F1-score

0.99
ROC AUC

Goal: 

• Identify the signal propagation type (LoS or NLoS) to ​Improve positioning 

accuracy.​

• Manage nodes based on connection type when involved in localization



Experimental Results
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Indoor localization enables assistance, monitoring, security and context-aware services in living and operational spaces. 
The challenge is to estimate reliable positions using low-cost IoT/CPS devices under noisy, dynamic wireless conditions.

Accuracy improvement

baseline
1.67 m

enhanced 0.14 m

up to 91.1% localization error 
reduction

achieved by prioritizing reliable LoS 
beacons and stronger RSSI signals



Systems promoting healthcare (through sensors)
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Healthcare sensors



Systems promoting Inclusiveness
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Technologies in Assistive environments
➢ User Position Estimation (Localization)  

• relies on BLE/RSSI measurements, beacons, embedded 

devices

• Signal Filtering & Machine Learning techniques 

1. Fall detection ​: Vision-based implementation (MoveNet 

model for pose estimation). Data collected locally and 

processed 

2. Identification of problematic areas → Data fusion from 

User Localization & Fall Detections

3. User mobility patterns recognition (data from localization 

services) ➔ Activity of Daily Living (ADLs)​

Identify user 
activities
(Cooking, 
Resting, 
Sleeping 
etc..)

Combined
With Time



Systems promoting Inclusiveness in the edge/cloud continuum
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Data Processing /Evaluation Pipeline

Localization data

Fall events/
Latest user position 
where fall detected

Cloud
Database 

(App for problematic 
areas) – Save & 

frequently processing

Problematic 
areas

Alerts/ notifications

Edge processing 
Local identification 

of problematic areas

• To reduce commands/ 
notification delays

• More reliable



XR Guidance for Emergency Medical Care

EMERGE-XR
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The app provides structured instructions at the 
scene, allowing first responders to follow 
protocols with minimal distraction and the ability 
to record the process.

hands-free guidance multi-device metrics

1

Need

In emergency
situations,
time,
accuracy, and
clear
guidance
are critical. 

Key concept: From “What should I do now?” to immediate, measurable, and repeatable guidance.

2

Solution

Smart glasses
/ smartphone
with the
ABCDE and
Glasgow steps
integrated
into the 
workflow. 

3

Evaluation

Telemetry,
KPIs, and
dashboards
for
data-driven
performance
evaluation. 



How it works in the field
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Incident

The user starts a script and 
selects a protocol.

1

→
XR Instructions

Steps, questions, and 
confirmations appear on the 
device.

2

→
AI / Backend

The pose estimation and 
guidance service provide 
feedback.

3

→
Telemetry

Requests, durations, latency, 
and frame drops are 
recorded.

4

→
Decision

The user proceeds with step-
by-step guidance.

5

KPIs / indicative results

10–40 ms
frame upload latency

< 40 ms
pose end-to-end latency

1–10 Hz
pose update rate

0
failed events



PORTAL-XR
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XR/VR Systems for High-Risk Industrial Training

4
validated scenarios

150
pilot participants

84.5
SUS score

TRL 7
operational validation

Immersive VR moves safety-critical training 
from static instruction to repeatable, 
measurable, operational practice.

Why VR here?

Port operations include rare, risky and expensive 
scenarios that cannot be safely rehearsed at full scale.

What changes?

Digital replicas of infrastructure, equipment and 
hazards let trainees practice under realistic pressure.

Why it matters?

Every action becomes telemetry: time, errors, choices 
and protocol compliance can be measured.



Technical View
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From Digital Twin to Telemetry-Driven Learning

PORTAL-XR is not only a headset application. It is an end-to-
end XR infrastructure that links simulation, authoring, 
personalization and learning analytics.

Digital twin models

Port assets, equipment state and hazards become 
interactive training context.

XR simulation layer

Unity-based VR environment with physics, interactions 
and branching scenarios.

Authoring + personalization

INTERACT enables scenario creation, analytics and 
suggestions adapt the learning flow.

Player metrics

JSON/xAPI telemetry can feed dashboards, assessment 
tools and learning record stores.



Technological Ecosystem for 6G Networks
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Integrated Sensing 
& Communications 
(ISAC)

AI-Native 
Networking

Reconfigurable 
Intelligent Surfaces 
(RIS)

THz Communications

Cross-layer 
Optimization

Digital Twins

NTN / UAV 
Connectivity

Smart Mobility



Deployment-Oriented Smart-City Networking
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Major Deployment-Oriented Challenges

• Severe propagation and blockage losses 

• Narrow beam alignment requirements 

• Mobility-sensitive connectivity 

• Beam squint in ultra-wideband arrays 

• Hardware impairments and synchronization issues 

Our Approaches within 6G-TERAFIT

• Hardware-Aware PHY Experimentation

• AI-Driven Optimization & Dataset Strategy

• Cross-Layer Co-Design

• Measurement-informed calibration



6G-TERAFIT Research Contributions
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• Hardware-aware PHY abstraction for 
THz system-level simulation
• Sensing-aware L2SM for scalable ISAC 
evaluation
• NCR-assisted deployment analysis 
using Vienna 5G SLS 

Cross-Layer Co-Design

• Measurement-informed phase-noise 
and impairment modeling
• Calibration of beam misalignment 
and hardware nonidealities
• Alignment of simulation abstractions 
with experimental trends 

Measurement-Informed Calibration

• Low-cost SDR-based ISAC prototyping 
using ADALMPluto
• OFDM-enhanced monopulse sensing 
for robust AoA estimation
• Hardware-aware evaluation under 
synchronization and phase impairments 

Hardware-Aware PHY Experimentation

• THz simulation ecosystem 
(TeraMIMO, NYUSIM, TeraISAC)
• PPO/DDPG-based beamforming and 
RIS optimization
• Hybrid benchmarking using simulated 
and experimental THz datasets 

AI-Driven Optimization & Dataset Strategy



• Intelligent applications require a distributed edge–cloud continuum balancing 
latency, privacy, and scalability. 

• Digital Twins are becoming real-time AI-driven platforms for simulation, 
optimization, and decision support. 

• AI-native and telemetry-driven systems enable adaptive, measurable, and 
context-aware CPS applications. 

• The convergence of IoT, AI, Digital Twins, cloud-native systems, and 6G defines 
the next generation of cyber-physical ecosystems.

Concluding
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Thank you!
Social Media

ch.antonop@uop.gr

Email

my.esdalab.ece.uop.gr/linkedin

my.esdalab.ece.uop.gr/twitter

my.esdalab.ece.uop.gr/facebook

my.esdalab.ece.uop.gr/instagram

my.esdalab.ece.uop.gr/youtube

https://www.linkedin.com/in/esda-laboratory/
https://twitter.com/EsdaLaboratory
https://www.facebook.com/EsdaLab
https://www.youtube.com/channel/UCJmddOv-XHiSvX4aMkn_y7w
https://www.instagram.com/esda_lab/
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