Use case of EVs fleet and Grid Optimization using Edge/Swarm Intelligence

HORIZON-CL4-2022-DATA-01-03 Programming tools for decentralised intelligence and swarms (RIA); Project: OASEES 101092702; Period: 01-01-2023 to 31-

12-2025; EC contribution 7,9 mil. EUR.

b

Demonstrate the capability of deploying
and coordinating the operation and
management of swarms of loT-based
devices (e-vehicles), which will be
coordinated and programmed through
the OASEES SDK.

G

The EV fleet operator (Cloud operated)
and respective EV drivers community
manager (Edge operated), will optimize
EVs’ recharging schedule to address local
technical requirements from the
electricity grid operator, in presence of
local congestion, or maintenance of
electricity grid branches.

Support trustworthy and robust multi-
party hybrid energy consumption data
sharing and governance among DSOs, EV
fleet operators and individual EV drivers,
Charging Point Operator (CPO);

RS

Provide automated interaction and
coordination of smart contracts
expressing individual EV drivers'

preferences on daily routes and charging
times through DLT/blockchain
decentralized marketplace. Reducing
waiting times and optimizing energy grid
load distribution.



Technology Innovation

e

loT and Real-Time Data
Integration :

Sensors on the grid monitor power quality
and usage in real-time.

MQTT Broker enables real-time data
acquisition for live updates on charging
stations.

Trend analysis and using Forecasting Tool.

Advanced Analytics:

Combines data from Wally three-phase
analyzers, smart meters, and grid
elements.

Forecasts electricity prices and energy
consumption for electric vehicles.

Geospatial analytics to provide charging
station location data and optimization.
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Available assets and infrastructure

Power Quality Analyzers Smart Meters

180 kW PV

15 Electric Vehicles



Forecasting System for
Electric Cars

* The energy forecasting module optimizes electricity grid operations through
two main modules:

* Training Submodule:
* Data Preparation: Process historical data and engineer features.
* Model Training: Train and evaluate machine learning models.

* Inference Submodule:
* Real-Time Predictions: Apply trained models to current data.
* REST API Services: Expose predictions for integration with other systems.
* Data Integration: Read from and write to external data sources.

* These modules aim to improve grid efficiency and support the integration of
renewable energy sources

EV Fleet Operator

Power Plants @
0 D50

Misc. Energy End-Users

OASEES Energy DAO | @
Marketplace

iy

Electric mobility as flexibility provider



Pilot Benefits

s Cost Savings for EV Fleet Managers:

*Optimization of EV charging schedules and locations based on real-time
electricity prices and station availability reduces operational costs.

m  Increased Charging Station Efficiency:

*By dynamically routing EVs to the most efficient charging stations.

e Scalable Business Model for eMSPs:

*The data product facilitates the business model of eMSPs by enabling
them to offer competitive pricing, faster charging options, and strategic
charging locations.

m  Reduction in Energy Costs:

eUtilizing forecasted data on PV production and grid availability allows for
more cost-effective energy management, potentially reducing the
overall energy costs associated with EV fleet charging.




Use case of Smart Energy harvesting and Predictive Maintenance Wind turbines using

Disease Edge/Swarm Intelligence

HORIZON-CL4-2022-DATA-01-03 Programming tools for decentralised intelligence and swarms (RIA); Project: OASEES 101092702; Period: 01-01-2023 to 31-

12-2025; EC contribution 7,9 mil. EUR.

The use case aims to extend the

capabilities of wind turbines, to be able

to function as an loT device in swarm

I mode in order to reduce the costs of
maintenance.

The acquired data will be processed at
the edge, and analyzed using machine
learning algorithms so that the sensors
are able to learn from each other
(improved calibration, noise
suppression, etc.)
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loT device in swarm mode
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Simultaneous capture and data
processing from several smart edge
nodes at the wind turbines’ location,
reducing processing time.

and edge nodes, to improve and obtain
better metrics while optimizing the
failure prediction on the blades of the
wind turbine.

Using federated learning based on cloud Q



Technology Innovation

A decentralized swarm
system for monitoring wind
turbine blade acoustics
using edge computing and
neural networks.

'QQ) -|||||-|-

Distributed learning Leverages advanced signal
algorithms process data processing methods to
locally on edge devices, extract relevant features

reducing latency and from acoustic data.

ensuring real-time anomaly
detection.




Economic Benefits

* Cost Reduction:

* Reduces operational expenses by enabling
predictive maintenance, minimizing unplanned
downtime.

* Lowers maintenance costs by detecting issues
early through non-intrusive acoustic monitoring.

 Efficiency Improvements:

* Improves wind turbine performance and longevity
through proactive anomaly detection.

* Reduces the need for costly manual inspections by
enabling remote monitoring.




Pilot Overview Testbed - Demo

Step 2 — Swarm loT Devices Detecting Blade Anomalies

Step 3 — Tech Report Elaboration
and IPFS Storage

Step 1- OASEES On-Boarding




Use case of Smart Energy harvesting and Predictive Maintenance Wind turbines using

Disease Edge/Swarm Intelligence

HORIZON-CL4-2022-DATA-01-03 Programming tools for decentralised intelligence and swarms (RIA); Project: OASEES 101092702; Period: 01-01-2023 to 31-
12-2025; EC contribution 7,9 mil. EUR.

The Data Product Canvas

Name of Data Product: Blade Acoustic Monitoring Swarm System

We create the data analytics solution .....

Who is the customer? Wind Farms owners — Wind turbine
Maintenance companies

... for the following customers and users .....

@ll» \What data sources do
= we need to create
W’ customer value?
Wind turbines (WT) acoustics
monitoring systems: This refers
to systems that monitor the
acoustic characteristics of wind
turbine blades. These systems
collect raw acoustic data,
providing insights into the sound
produced by the blades during
their operation.

WT blade failure and stop
historic. This involves gathering
information about the historical
occurrences of blade failures and
instances where the wind turbine
had to be stopped.

WT blade maintenance plan. It
outlines the schedule and
procedures for maintaining and
servicing the blades, ensuring
optimal functionality and
preventing potential failures.

With  which  data
-, analytics methods do
 we generate insights
from the data?

Methods:

Signal
identifying relevant features in

Processing

the sound patterns failures
associated with turbine
performance and potential.

Neural Networks Trained by
Distributed Learning Algorithms:
Neural networks, a type of
artificial intelligence, will be
employed to recognize complex
patterns in the acoustic data.

In which form do we
provide the data
service to our users

and customers?
Technical Reports Based on Processed

Acoustic Dataset: information included
in the reports consists of datetime, wind
turbine id, wind turbine height and
diameter, and labelled anomalies.

Wind  Turbine Blades anomaly
detection:  Unusual  patterns  or
anomalies in the acoustic data that can
indicate issues with the blades.
Maintenance Prediction and Impact on
LCOE (Levelized Cost of Energy):
potential impact of maintenance
activities on the Levelized Cost of Energy
Dynamic Maintenance Plan According
to Blade Health Status: The data
product includes a dynamic maintenance
plan that adapts based on the real-time
health status of the turbine blades.
Anonymized Blade Acoustic Data:

To address privacy concerns, the product
includes anonymized versions of the raw
acoustic data.

What added value
@)

and what advantages
m does the data service

generate to our users
and services?

This data service adds value by
improving turbine performance,
offering non-intrusive
monitoring, enabling proactive
analysis and detection, ensuring
algorithm reliability, evaluating
maintenance cost impact, and
providing anonymized data for
further analysis and
development.

These advantages collectively
contribute to a more efficient
and cost-effective management
of wind turbine operations.

What wishes,
problems and
challenges do our
customers  and
users have?

«

Wishes:

- Privacy and data protection
between stakeholders (Wind Farms
owners — Maintenance companies)

Problems:

- Lack of availability, quality and
veracity of the raw acoustic blade
data.

- Expensive blade failure detection
methods.

- Wind turbine shutdown for blade
inspection.

Challenges:

-Improve Operational and
Maintenance Expenditure
elaborating dynamic maintenance
plans.

-New and innovative alternatives to
diagnose blade status.




@ TaRDIS

Rafael Oliveira Rodrigues

ENERGY USE CASE e
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Multi-level smart charging & Grid Balancing

Energy Concept
The Baseline for Grid energy has two inconveniences:

* expensive energy cost for customer Grid Operator
* carbon intensive sourced. gg
Solution (1): O

Build Energy Communities > 7 D_ 1
- Cheaper Energy since is coming from ¥ % | ||
neighbour Renewables through micro-grids | |
- Almost carbon neutral | s |
- Still can u§e main grid as backup ’ | sg8 228 [ |
Inconveniences: 5 | B0 |
- Need a Community Orchestrator (CO) to managed @ | Rl
deficit or surplus of energy and faults 2 $7] |
- It Is complicated for the CO to manage all the - | .|
members in the community —— —_———— —_————

Energy Energy Energy
Community 1 Community 2 Community N

Solution (lI):
Handle the peers in the Energy Community as a
heterogeneous swarm and let them talk!

2
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Multi-level smart charging & Grid Balancing

What does the swarm need to work?

® Forecast each peer energy consumption and

production:
Fedra, a tool that enables the decentralized federated
learning of ML models that are deployed locally on several
edge devices (NKUA).
® Enable reliable communication support:
Babel, Java framework designed for developing distributed
protocols, serving as the communication backbone (NOVA)
® Assure security within agreements:
IFChannel, an information flow analysis checks that secret
data does not “flow” into less secret sources (DTU).
® Swarm easily programmed:
DCR choreographies, an event-based programming model
(NOVA).
® Falil safe!

=

Electric
Vehicle
3

A 4

TaRDIS Control &
Al Decision App

4

y

DCR
Coordination

App

Babel Comm
Stack

b - - — - - ———

=i

Housew/
Solar Panel

4

A 4

Housew/
Battery

Checking
Battery Level:
Can output
15kW in the

TaRDIS Control &
Al Decision App

next 3h

TaRDIS Control &
Al Decision App

K

A

consume request

DCR
Coordination

DCR

_ Consume request _ _ HEocrHinANoR
App

Babel Comm
energy offer Stack

Babel Communication Framework (Reliability,Security, Correctness Properties)

All of this Is fulfilled by the TaRDIS toolbox!

PROJECT-TARDIS.EU
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Multi-level smart charging & Grid Balancing

Impacts and benefits _ .
® Energy use within the community could reduce by >30% electricity

coming from carbon intensive sources through the grid.

® The application of swarms to Energy communities' management
might reduce faults by >60%

® The Customers are empowered to choose the best trading
option : self-consumption, buy from grid vs from neighbour,
discharge EV to home...

® The Retailer/Aggregator is in fact the CO the advantages are:

1- Moving its business from HW (home devices monitoring) to SW
(overlay network management)— better margin and reducing asset
management risk;

2- Trading (risk) is moved to the final user;

3- Ability to engage the storage elements, namely EVSs, into grid service
in a transparent way for customers.

® The Grid Operators will be able to improve QoS due to faster
response of swarm agents at Fog level and better visibility about
the resources available for grid service.

PROJECT-TARDIS.EU © Copyright TaRDIS project 2023-2025 Z:
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SMART LOGISTICS BEYOND SOTA

* Resources optimized
utilization - advanced
Route Optimization
Algorithm (RaaS)

* Enhanced industrial
infrastructures safety -
sophisticated Collision
Avoidance Algorithms

* Optimized Transport
Quality and damage

Optimo

prevention of goods and
products

* Edge computing
exploited in terms of data
exchange and decision-
making

© incode-project.eu
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ENABLING TECHNOLOGIES

o INCODZ=
Problem Set*

- 5G technology for reduced vorkes s _—

|ate n Cy Asset Availability (SUITES)

Docking Station

+ UWB for accurate location e e

awareness 01 l
* loT sensors for remote monitoring

5 ucH

+ Far-edge computing for advanced ndoor Posiioning System = o | .

decision-making OrderiD - Tagld “«—em (ILINK)

https

- Containerized software Postions

architecture Avalabiiy

INCODE's services and layers > Aami Adrmin

. ¥ WebApp WebApp b 4
(Data management, Security, IDP,
etc.) =
— Mohile Mobile i
App App |7

© incode-project.eu
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BUSINESS VALUE OF AA1 JUIS

° Location awareness of workers, forklifts, and
packages lays the foundation for Digital Twin ;‘
technology. stz,x';’:zz:z:lz:",::;::::e;t.

° Industrial smart safety proliferation enhances

safety standards and Health, Safety, and s
Environment (HSE) compliance. T — R

1
i for collision prediction
and alerting

Location component -

* Optimized operations scheduling improves
resource utilization and cost-effectiveness.

of entities internally

Mobile App
component #2 - Task
scheduler and

optimized roure

° Route optimization and dynamic updates for load
trucks based on transportation conditions and
cargo sensitivity enhance efficiency.

Onboarded Sensors - Cargo
monitoring component

1
1
1
i
Eals
H b\ g ]
MoLie Ay Companent &1 i @ J& @«4
1

* Real-time cargo monitoring and feedback e
increase added value across the supply chain. —— H = -

° Supply chain innovation is driven by computer
vision (CV) models and Far-Edge Computing.

O
© incode-project.eu O 4
O




STAKEHOLDERS

Industry Stakeholders:

« Large Logistics operators with
E2E supply management
activities

« Warehouses with needs for
advanced industrial safety

« standards

* Fleet operators

« Research Institutes

« Public and private sector entities

INCODE
Frame Area: 307200 px
Bounding Box Area: 38832.0 px

Internal Stakeholders:

« INCODE partners as technology
providers across different layers

« Testbed provider (UoP)

O
© incode-project.eu O 5
O
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Kari Koskinen (Conveqs Oy), kari@conveqgs.fi
SMARTEDGE Project

Grant No. 101092908

https://www.smart-edge.eu/



mailto:kari@conveqs.fi

Why swarm intelligence in traffic management? b

State of the art traffic management is operating with very limited knowledge about the
traffic conditions

O Limited sensing capabilities (e.g. inductive loops)

Q Traffic controllers are monolithic and isolated in their operations

O No semantic understanding of traffic conditions

Q Hardly any sharing of data

Current developments in the market are promising

Q Sensing and computing equipment becomes cheaper and cheaper

O Modeling, simulation, Al and other programming techniques are developing rapidly
O Sensing equipment in vehicles is becoming ubiquitous

Sharing of data swarm offer huge potential

QO Lower cost of installation (by using existing sensors in cars and infrastructure)

O Understanding instead of individual data points

8/27/2024

SMARTEDGE Project
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Ea Background: SmartEdge as part of holistic traffic management <

®
\"g ®
®

Open

A P I ) / Real-time Digital Twin SmartEdge — Toolchain Traffic Management \
N
Open Controller
Al/ ML
Coordination .
¥ j Swarm Intelligence
K t | //
bl /
Transport
Data Signal V2X
Control
Detectors
Radars
"
\ Cameras

) Phasel W) Phgse 2 Phase 3

Picture: lisakki Kosonen, Aalto University

8/27/2024 SMARTEDGE Project
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Active option Zone management

Ol
c“: &
':. "

“» Goal is to implement safety functionality for traffic light operations

“» This is only a simple example of functionality made possible by the connected vehicles and
swarm intelligence

Option zone

All vehicles must stop All vehicles pass through

Not braking

Not braking

8/27/2024 SMARTEDGE Project 4



Technology innovation 2
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Semantic representation of traffic environment and conditions

Q Open Controller (an open source traffic controller developed by Convegs and Aalto university)
O V2X capabilities

Q Standards (WoT, SSN, SOSA, OpenXOntology, ETSI 5G, etc.)

Sharing environment information between vehicles and infrastructure

O Swarm formation

QO Data fusion

Q Trust networks

Establishing two-way communication between infrastructure and road users

Q Currently only communication from infrastructure is traffic light (green or red), and single
detection from vehicle to infrastructure

Q Wider array of data can be shared

Hardware acceleration

8/27/2024

SMARTEDGE Project 5



Demonstration and field tests

Lab tests

O DELL infrastructure used for integration

O Open source simulation environment (SUMO)

Q Data collected from the field infrastructure (Conveqgs) and with instrumented cars (Aalto)
O Winter 2024 - 2025

Field tests

O Will be carried out in Jatkdsaari test environment

O Some 17 radars and cameras installed in the area (City of Helsinki, Conveqs)

O Sixintersections also connected to the system (Open Controller, field equipment)

Q In addition one or two instrumented vehicles will be used (Aalto)

Q Will be carried out in summer 2025

8/27/2024

SMARTEDGE Project



Jatkasaari test area

t":
R

e
B e __mc
= New residential area

West Harbour / Trucks

-

Alternative route
Not for:rtrucks

7 ==

-
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Potential economic benefits ®

R
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Benefits of technologies developed in this project comes from:

Q Improved traffic flows (reduced time spent in traffic, reduced CO2 emissions)
Q Traffic safety (less accidents), and

Q Better informed decisions by the policy makers and road users

Potential socio-economic benefits are very big, it is estimated *) that:

O loT solutions in centralized and adaptive traffic control can have 100 — 390 billion euros worth
of socio-economic impact in 2030

O Autonomous vehicles could capture 240 — 300 billion euros value in the same year
Connected vehicles as well as swarm solutions are big part of any loT solution
Q Isolation of current systems is the major problem in intelligent traffic operations

O Most benefits can only be realized with co-operative systems capable of sharing data and
resources

However, it should be noted that most socio-economic benefits are consumer surplus

*) McKinsey: “The Internet of Things: Catching up to an accelerating opportunity”, November 2021

8/27/2024

SMARTEDGE Project 8



Lead parners

Data collection, validation and field tests

O DELL (integration), Aalto University (Instrumented vehicles)
Semantic representation

Q Cerfiel, Aalto University, TUB

Swarm formation and data exchange

Q CNIT, TuB

Open data

Q TuUB, W3C, Aalto

Computing enhancements

O Oxford, Universite de Fribourg, TUB

8/27/2024 SMARTEDGE Project
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SmartEdge

Use Case: Autonomous Mobile Robots for Smart Factories
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BBl \Why Use Swarms in Smart Factories

Smart Factories

O Smaller more flexible local factories
v" Closer to customers they supply
* Reduced transportation CO? emissions
* Shorter more robust supply chains
* Easier to recycle component back into production

v’ Larger range of products — smaller batch sizes
* Dynamic production lines
* Copes with indeterminant multi-agent environment <: Humans are messy
* Similar costs

O Enabling smart factory technologies
v Robotic Flexible Assembly Cells (RFACs)
v" Autonomous Mobile Robots (AMRs) <:I Dell Technologies’ use case
v Made up of swarms of intelligent edge devices called nodes
* Peer-to-peer collaboration at the edge

* Coming together to achieve a common goal West \ / East
*  With minimal central supervision
* Some degree of local problem-solving ability

* Heterogeneous devices contributing different capabilities and skills
*  Communicating using common semantics interfaces

24/08/2024 SmartEdge Project



BBl Static bound and dynamic swarm

SmartEdge supports several types of swarm

Q Statically bound swarms

v" Swarm nodes defined at design time and allocated to swarm
v Nodes remain with the swarm throughout its operational lifespan

v Useful for supporting brownfield devices and backwards compatibility

O Dynamic swarms (goal oriented) @ Manufacturing use case
v" Swarm starts with a seed node around which the swarm forms

v" Devices are actively enlisted into the swarm to provide skills the swarm needs to
fulfil its goal

Make use of swarm contracts to enlist devices into swarm

v" Swarm nodes remain independent agents and can leave the swarm if required
e e.g. battery level running low

v" When the goal is achieved the swarm brakes up
* But with a little bit of stickiness

O Dynamic swarm (device oriented) <: Traffic use case

v" Similar to goal oriented swarms but more for the benefit of the individual device
v’ Requires a certain number of core swarm nodes

v' Devices request to join the swarm because it provides a benefit to them
e.g. faster transition through road traffic junctions

24/08/2024 SmartEdge Project
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e O
B AMRsvs AGVs 7
KO
< AGVs - Automated Guided Vehicles AUtOnOMOUS
: Ceiling mounted :
. : Autonomous mobile R . mobile robot
O Beenin our factories for decades robot joining swarm 4 C?e;a tracking leaving swarm
. objects
O Tend to follow predefined routes !
O When they encounter an obstacle Autonomous

mobile robots
being loaded
with products

v’ they stop

“» AMRs — Autonomous Mobile Robots

O Newer addition to our factories

Autonomous
mobile robot

Product entering robot
moving product

flexible assembly cell

O Can navigate their environment
v' typically using SLAM

O Limited intelligence to avoid obstacles Swarm

; /" loT Edge
boundary , Gateway &

o WiFi router

< SmartEdge AMRs
a Form swarms of AMRs that collaborate in achieving a common goal
O Use semantic integration to communicate within the swarm
O Use semantic SLAM to better understand their environment

v" And modify their behaviour appropriately
SLAM: Simultaneous localization and mapping Semantic SLAM: arXiv:2201.11625: SemRob: Towards Semantic Stream Reasoning for Robotic Operating Systems

24/08/2024 SmartEdge Project 4



Heterogeneous Swarm Devices @@{@
“» SmartEdge supports different Autonomous
edge devices Autonomous mobile Ceiling mounted mobile robot

O With different skills and capabilities

Q e.g. ceiling mounted cameras or
flexible assembly cells

Swarm nodes can borrow sensor
streams and even environmental
3D models from other nodes

O And even share data processing
task between swarm nodes

Much of the swarm formation and
management is handled in the
network layer

a Developed in the P4 network
programming language

Ry

camera tracking

robot joining swarm .
objects

"

Autonomous
mobile robot
moving product

Swarm
boundary

leaving swarm

Autonomous
mobile robots
being loaded
with products

Product entering robot
flexible assembly cell

loT Edge
Gateway &
WiFi router

24/08/2024 SmartEdge Project



BBl \Web of Things

Web of Things (WoT)
O A set of guidelines and standards coordinated by the W3C

O Used to model the nodes in the swarm in terms of their:
v’ Properties
* e.g.athing’s location or what skills it has
v Action — operations that can be performed on a thing
v’ Events — notifications that can be emitted by a thing

O Can be used to construct a digital twin of the thing

Can also be used to model other things in the environment that the swarm nodes interact with
O Objects

O Otherindependent agents
v e.g. people

The properties, actions, and events are grouped together into a Thing Description (TD)
O Andthe TDs are stored in a Thing Description Directory (TDD)
O SmartEdge makes extensive use of the TDD to build swarms

O TDDs can be a central resource or implemented as distributed replicas

24/08/2024 SmartEdge Project



BBl A Common Scene Understanding Between Swarm Nodes

Swarm nodes comprehend their environment by oot ‘“'

building scene understanding graphs of what is around ] e ]| FY

them e, o>

O Each swarm node can have a different perspective " % — -
3 Siream IR . — L’}EJ'E - — slt)r:?m — ! —~ ..-

O And augmented with thing descriptions from the TDD ® - % 4@ . @ °

v Which provides additional context

The scene graphs are shared between swarm nodes in
real-time

O And can be used to build 3D models of the environment
v" Which can also be shared with other nodes in the swarm

This will enable a blind AMR (no sensors) to navigate

around the factory by utilising semantic data feeds from
other swarm nodes

O A 3D semantic environmental model can be converted into a
2D occupancy grid used for navigation of the AMR

QO Or modify its behaviour depending on the type of obstacle
v People can be asked to move — caster chairs could be pushed

24/08/2024

SmartEdge Project



BBl Swarm Node Collaboration o

Nodes in a swarm can communicate and collaborate to achieve a common goal

O e.g. moving products from flexible assembly cells into autonomous mobile racks

The actions performed by the swarm nodes are coordinated by an orchestrator

O The orchestrator is just a node in the swarm with the right set of skills

O Orchestrator can execute a plan implemented in W3C’s Chunks & Rules | > https://w3c.github.io/cogai/
v Or other rules engine

Swarm nodes exchange messages and negotiate actions between themselves

Autonomus

Mobils Robot 2E6 Mobile Rack A7D

Mobile Rack 7F4

Mobile Rack 88B

Orchestrator F41

Convyer Belt 85B

PRAVNOT
PRSTOREQ

PRSTOREQ
PRSTOREQ
PRSTOREP
PRSTOREP
‘ PRSTAREQ
h

- J PRSTAREP
- : ~ ’/ T
g L N
— e 4 ~, PRMVOREP
= S PRMVEREQ

PRMVEREP

PRSTHOT
PRRENOT
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Summary

We need more flexible,
adaptable, and productive smart
factories

Swarms of autonomous mobile
robots can help implement smart
factories and cope with uncertain
environments

Different types of swarms can be
used for different use cases

Swarm nodes share semantic
information to have a better
understanding of their
environment

Swarms enable collaboration
between nodes in a trusted and
safe manner to achieve common
goals

24/08/2024

SmartEdge Project
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Al-l10T Edge-cloud and
platform solutions for energy

Svetoslav Mihaylov
Internet of Things
DG CNECT

European Commission Swarms projects workshop , 5 Sep 2024



HORIZON-CL5-2023-D3-01-15

Supporting the green and digital transformation ofi the energy. ecosystem and enhancing) Its

resilience through the development and piloting of Al-loT Edge-cloud and platferm selutions

« Decentralised environment in the energy sector

« Large-scale validation (+ open call) in a real environment and market uptake
« Cloud-Edge continuum, edge and swarm computing, federated Al/ML, loT
* |nnovative data-driven energy services

« Open Source solutions

« Standards

« Distributed renewable energy, bi-directional EV charging, smart buildings
« Compliant to the common European data spaces (energy, mobility)

« Based on existing EU solutions (e.g. MetaOS and swarms projects)

« Target TRL 7-8 from initial TRL 5-6

« Two projects - Odeon and Hedge-loT

European
Commission




O DECN

FEDERATED DATA AND INTELLIGENCE

ORCHESTRATION & SHARING 5 pilot sites
FOR THE DIGITAL ENERGY Distributed in 5 different
TRANSITION EU member states
O
48 months
O Starting in January 2024

Ending in December 2027

34 partners

From 13 different member
states

Total budget: 22.56 M€

Total funding: 17.87 M€

European
Commission
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https://www.aranislandsenergycoop.ie/
https://www.trefor.dk/elnet/
https://www.barbara.tech/
https://www.heron.gr/
https://www.iesve.com/
http://www.grupoetra.com/
https://www.iccs.gr/
https://eviden.com/
https://www.dtu.dk/english/
https://www.fokus.fraunhofer.de/en
https://ubitech.eu/
https://energy.ubitech.eu/
https://www.tecnalia.com/
https://www.suite5.eu/
https://www.intracom-telecom.com/
https://www.maggioli.com/es-es
https://deddie.gr/en/
https://www.upc.edu/es
https://www.space.gr/en
https://www.joanneum.at/en/
https://www.sagemcom.com/en
https://www.fcirce.es/
https://inqbit.io/
https://www.sicaesomme.fr/
https://cuervaenergia.com/
https://vergy.es/
https://www.prospex-institute.org/
https://internationaldataspaces.org/
https://logikers.com/
https://www.ewii.dk/privat/
https://logikers.com/
https://fundingbox.com/
https://epltechfront.com/

ODEON goals
Technology innovation

ODEON aims to revolutionize the Green and Digital Energy transition through the creation of an
inclusive ecosystem of stakeholders characterized by the integration of a mesh of Data, Intelligence,
Service, and Market flows in the energy system. ODEON enables the resilient operation of the
energy system considering the increased RES integration, and the effective orchestration of the
flexibility from assets residing at the edges of the system (edge-computing).

To promote a highly distributed open framework for Z@h SR
e orchestrating federated data management, sharing and 75 o o Y
intelligence i
To deliver innovative energy services enhancing grid ( : )
resilience and decentralized flexibility s &
"\] ® ~ @ — C @
e To encovurage data exchanges by fostering technical and . M N T
semantic interoperability ol = | o
To promote a decentralized environment in the energy 7 |
field ED

B Nl oo
[

To provide intelligence-enabled solution and services
a driven by data to achieve energy transition goals

European
Commission




ODEON goals
Business innovation and Market Uptake goals

ODEON aims to revolutionize the Green and Digital Energy transition through the creation of an
inclusive ecosystem of stakeholders characterized by the integration of a mesh of Data, Intelligence,
Service, and Market flows in the energy system. ODEON enables the resilient operation of the
energy system considering the increased RES integration, and the effective orchestration of the
flexibility from assets residing at the edges of the system (edge-computing).

To demonstrate and validate the concept in 5 large-scale
demonstrators across real-life and critical conditions

market uptake

To promote ODEON as a reference Cloud-Edge Data and
Intelligence enabler for the Green and Digital Transition
through intense dissemination and knowledge transfer

e To prepare the grounds for the successful replication and

European
Commission




ODEON Energy

ODEON Cloud- E: ODEON _
services for DSO |

Edge Data and Catalogue of Al .
Intelligence Service Artefacts |

Platform

Reference Energy Data
Spaces implementation
around energy data

« Flexibility-based
Network Management

« Dynamic Power Flow
Management and
Quality restoration

« Network Planning and
Reinforcement
Assessment

« Asset management and
Predictive maintenance

Machine-Learning
mechanisms for _
orchestration of devices

ODEON Energy ODEON Energy
Services for Services for

LECs/Aggregator - Prosumers

Reduction of energy
costs and increase their Informed and transparent
participation in flexibility

autonomy by .
management in RES and and energy transactions

flexible assets

European
Commission



A Bird-eye view of the

SERVICE ENABLERS

Mmoo St INTELLIGENCE
« VPP and Demand ENABLERS

* Federated Al
Containers
Pipeline design,training
and execution
Federated intelligence
* Al pre-trained artefacts

L W W U

Response
* Investment Guidance
*  Self-consumption
* EV Smart Charging

MARKET DATA ENABLER®ER, GRID Assets,
ENABLERS * FederatedData  Dijstributed Data
«  P2P Energy Trading Spaces and Assets
- Local Flexibility DataOps
Trading Orchestration
« Market Codesand * Interoperability and
Processes Data Sharing

« Data privacy and
Cyber security

European
Commission




ODEON

Diverse array of energy sources, networks, IloT
infrastructure, systems, and assets, implemented across
varying climatic, geographic, and socio-economic
conditions and scales.

IRELAND,
ARAN ISLANDS

SPAIN, GRANADA

DENMARK,
ISLAND OF BORNHOLM

FRANCE,
HANGEST-EN-SANTERRE

GREECE, MESOGIA




Y

Project Grant Agreement: No. 101136216

Project Coordinator: European Dynamics Luxembourg SA
Budget: 21.9 M Euro

Grant: 17.9 M Euro

Duration: 42 months

 Start Date: 15t January 2024
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Vision

HEDGE-IoT — Holistic Approach towards
Empowerment of the DiGitalization of the Energy
Ecosystem through adoption of IoT solutions will:

Business Objectives
Polit. / Regulat.. Framework

3
m

- deploy loT assets at different levels of the energy
system (from behind-the-meter, up to the TSO
level)

Interoperability Layers

- add intelligence to the edge and cloud layers

- bridge the cloud/edge continuum introducing
federated applications governed by advanced
computational orchestration solutions.

Source: https://digital-
strategy.ec.europa.eu/en/policies/e
u-policy-digitalisation-energy

> Kk

| Holistic Approach .: :. European
towards Empowerment of the * ek icci

L Digitalization of the Energy Ecosystem Commission

through adoption of laT solutions




To add local/distributed intelligence leveraging I0T solutions at the edge/fog/cloud layers establishing
the edge/cloud continuum through computational orchestration

To design Al/ML tools for edge/fog/cloud services for increased flexibility, resilience and observability

INTERNATIONAL DATA 10 enable extended service and semantical/ontological interoperability and interconnectivity among
SPACES ASSOCIATION distributed open platforms, systems and edge devices through a decentralized IDS-compliant
Interoperability Framework

H

To demonstrate, validate the HEDGE-IoT solutions and frameworks in 6 Demonstrators in 6
European countries featuring different climatic, regulatory and societal conditions towards maximizing
mutual learning and knowledge exchange

J/

To apply and extend open standards for 10T, interoperability, grid and market related data exchanges
and to create a set of commonly accepted standards

To facilitate the market uptake of the proposed solutions, strengthening their commercialization
potential and contributing to the Digitalization of Energy Action Plan. To complement the HEDGE-IoT
Framework with additional data-driven services, by 3rd parties and especially SMEs, through an

L Open Call campaign.




HEDGE-IoT Multi-dimensional Framework

HEDGE-IoT Framework

Large Scale Demonstration & Exploitation

Technology Facilitator

1. Technology facilitator pillar

Cloud-Edge Continuum

Edge layer

loT-devices

Cloud / Edge /
Swarm Computing

2. Interoperability pillar =

Al ML Open
Applications &

3. Standardisation pillar —

Data & service
marketplace

Edge devices

Cloud-layer

Tehchnological

4. Digital Energy Ecosystem

Interoperability

EDS-compliant
Open Connector

Federated Service
Catalogue

—_——
Semantic

Interoperability

App-store of open
distributed tools

Data Trust &
Sovereignty

Standardisation

CIM

—

Data Spaces

loT Standardisation

Open Standards

Project Data Madel

Digital Energy

Ecosystem

Data-Driven

Energy and non-
Energy

Services
—_—— “
SAREF

Renewable
Integration
Grid Resilience

Involvement of
Innovators and
| Market Uptake

User Inclusiveness
& Engagement

Coordination with
European loT
i n itiatives

EU Taxonomies for
sustainable

activities

Stakeholders' Consultation Board

Open Call for Additional Services

Holistic Approach ,*' ’*. European
towards Empowerment of the Bt Commission

Digitalization of the Energy Ecosystem
through adoption of laT solutions



Reference Archifcecture

’ HEDGE-loT middleware solutions
Far/near edge (fog/cloud ¥ I maI:aen:::'lyent Federated service & app catalogue Clearing house Cyber-security
P""f"','E'L [ Data connector } g g
()] Vocabulary Data Access
L [ i i i i .. DLT
5 = Edge computing T provider Computational logging & orchestration Policies
S8 w 1 5)
@ :- 5. —
C |2 =
1= = i) @
gIE” Edge computing 2 .
S I8 P o Cloud-based operational platforms " Far/neared
) : ge G . 's Platf
Data connector 2 : eneric actor’s Platform
i . — (Aggregator, Marketplace
e % Residential A 1oT/Edge devices : P R etc)
@ Distributed HEDGE-IoT node _ PN B 2
» loT Edge Processing interface i ) . / = Resources/asset informatio
- . _ 1N Edge devices/Assets
Decentrallzelzd data/m-eta data o d Building level loT/Edge devices
& computational sharing n-prem edge £ y 1. LT
2 . D~ 4 i = m ‘ %m]]]] .-E: g’
S g ‘ & I YV g
sy |

ANy = itylevel
 Community feve . Distributed HEDGE-IoT node

[ ,\‘ @ Ef " loT Edge Processing interface
- = — Decentralized data exchanges
D-- D~ D
& & & &

Meta-data exchange

( Ld

loT /Edge/Cloud computational sharing

v" Interoperable services based on semantic features, where ontologies are set as common vocabularies to share
and integrate data that can be encoded in different specific protocols and syntactical standards.

v' Seamless interconnection of loT/edge with HEMS gateway or with upper fog/cloud platforms leveraging the
basic functionality of an IDSA-based connector.

> Kk
I Holistic Approach «: by European
towards Empowerment of the * ek icci
L] Digitalization of the Energy Ecosystem Commission
through adoption of laT solutions




o ; | Next-generation grid automation with loT and
P | I Ot S 1 edge/cloud data to improve distribution grid resiliency

Leverage |oT and Edge Computing to foster Local
Flexibility Markets

Digitalize ECs and EV stations to Enhance Grid

Wy ropes B Resilience, RES Hosting and Socialize Local
Productions
r’«ﬂ'"m.»;\;

A By B & | Enhance local grid flexibility to diverse end users by
FB7L @:;&g; TR VRS g digitizing energy assets and incorporating SAREFized

T ) g b i , P by | interoperable grid monitoring and control

AT

p e - s 4 Living Lab for Interoperable Al-based Energy Services

Enhanced Local Flexibility Services for Improved
| Asset Lifetime Extension Planning

> Kk
‘ Holistic Approach .:' :. European
towards Empowerment of the * ek icci
L Digitalization of the Energy Ecosystem Commission
through adoption of laT solutions




Conclusions

v' Challenging and ambitious project

v" Main focus is the digitalization of the energy sector through wide
deployment and orchestration of IoT devices

v' Synergies with ODEON sister project are in place

v Interesting to examine further synergies with relevant projects covering
other sectors - replication

> Kk
Holistic Approach «: :. European
towards Empowerment of the * ek icci
L] Digitalization of the Energy Ecosystem Commission
through adoption of laT solutions
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INCOD =

AA1 PROGRESS AND NEXT STEPS

Panagiotis Zikos(iLink)
Mid-term Review Meeting, 4/09/2024, Brussels

Incode-project.eu



AA1 IN PRINCIPLE: LOGISTICS AND TRANSPORT QUALITY VALUE CHAIN ggl/gﬁ
INCOD =

Enhanced industrial
infrastructures safety -
sophisticated Collision
Avoidance Algorithms

Resources optimized
utilization - advanced
Route Optimization
Algorithm (RaaS)

Optimized Transport

Quality and damage
prevention of goods and
products

Edge computing

exploited in terms of

data exchange and
decision-making

© incode-project.eu
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OVERVIEW OF AA1: HIGH-LEVEL ARCHITECTURE

* Main components (UC1):

- Location Awareness of
workers, forklifts, packages

- Industrial Smart Safety
- Operations Scheduling

- Facility Monitoring
« Main components (UC2):

- Route Optimization: RO

algorithm capable of providing

the best possible route to the
driver by considering multiple
factors

- Cargo Monitoring: Real-time
monitoring of the loaded
cargo with diverse data
feedback

covering a defined area (receiver)

| ! (@) ) | 5

Collision Avoidance

: component -

: —— Containerized algorithm

: for collision prediction
and alerting

ag for : :
forklifts 2 11 D :
(transmitor) \ v, :
) o B o :

i
H Wearble tag for worker:
(transmi itor)

1
1
1

: Location component -
E ——, Accurate Positioning
of entities internally

Mobile App Component #1 -
Providing the end user

and audio-visual alerting

________________________________________________________________________

1
witrh self-awareness of its position 1

EAW

Mobile App
_1__ component #2 - Task

L e T EEE EEEETEE Internal asset and process R d ——————
1 orchestration - scheduling : e nan
On-boarded PU component optimized r¢

ddidd Cirge’ [, SEistsats [t e

- e Loading:

- -

- - Unloading

- re
rYYY

Onboarded Sensors - Cargo
monitoring component

M=
oBoOR.(

. ‘ _ Route Optimization
component

f-:f_-'

- 1
LR ! 7777777777,,7,,,,7,7,,,,,,1‘
- | UC2-External Logsistics
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AA1 LOW LEVEL ARCHITECTURE

Problem Set*

Location of package,
workers, forklifts

Asset Availability

Docking Station

i WMS
i Orders

UcC1
Indoor Positioning System
(iLINK)

OrderlD - TaglD

Scheduler
(SUITES)

Problem Set* l

https

Real-time

Positions
Asset

Y

Admin
WebApp

Mobile

Availability

Schedule

A\

<«—ETA

ucz2

Route Optimization

(iLINK)

Admin
WebApp

Mobile

A

v
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INTEGRATION INTO TESTBEDS - UC1 (NOV 23)

UWB Tags

UWB Anchors

© incode-project.eu
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INTEGRATION INTO TESTBEDS - UC1 (NOV 23)

© incode-project.eu
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POSITIONING SERVER VIEW

4746
4937

Mo (9

O
© incode-project.eu O 8
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INITIAL SETUP AND TEST AREA — ADMIN & MOBILE VIEW DS

© incode-project.eu
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INTEGRATION INTO TESTBEDS - UC1 (JULY 24)

Location and Collision

* The indoor positioning
component provides accurate
positions for the involved
entities

* The collision algorithm predicts
imminent crashes and send
alerts to the mobile and web
applications

1BoAG
INCODE

INCODE

© incode-project.eu
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INTEGRATION INTO TESTBEDS - UC1 (JULY 24)

T G

o INCODE=

o g © @) % Q B Thu25Jul 251PM

@& gemu-system-aarch64

X @ incode_files - Files - File E X 5g-Induce X Teltonika Networks X ar

o

g-ind
re  172.16.100.127:30244/incode/#/maps i ABp e w 0 ¥V 4

v H

= INCODE

$ Commit I Project

e admin 250
g admin J Show Filtered Position J» Show Tags id o
: INCODE
o
) Administrative 0
s
9 L))
ar Users
(O]
’ﬁ\ Tags Q
= Tags Type @
P
1] Live Maps (%
<
a Alerts V///
% o
éd HeatMap O
Tern
£ statfilied Settings
g
E
N
b G
O o .

The web application
map view with a
simulated mobile
device linked to a
worker wearable tag.
The 2 additional
moving entities are
linked to forklifts.

11

© incode-project.eu

00




INTEGRATION INTO TESTBEDS - UC1 (JULY 24) I

o
1514 & B

INCODE 6 i Mt

1514 & B

INCODE

101
Docker Station

5555
Package 1

6666 i
Accept Task pd Package 2 I Close Task 1 E
Press Accept to start this 4 No Tasks

o Press Close to close this Task
Task | Il 3

ACCEPT  EXIT

CLOSE EXIT

© incode-project.eu
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UC2 - ROUTE OPTIMIZATION AND CARGO MONITORING

»” 73 e
v
g e
- —

PowerFleet

\

MobileApp

VRP ’ Use Case 2 ‘
Problem Set
Opt Route
Fleet
Telematics
Orchestrator
A
@ Telematics
<> Device
g-_— GPS
H Rasp. loT

Sensor Data

© incode-project.eu
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ROUTE OPTIMIZATION ADMIN PLATFORM
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INDOOR LOGISTICS OPERATION SCHEDULER gglﬁ

Route Optimization and Task Scheduler

* The truck initiates its optimized route with

the delivery points and intermediate stops

e  When it enters the geofence, the AA1

orchestrator asks for the real-time

positions of the available entities within the
factory

« According to the OrderlDs of the
requested packages, the Task Scheduler
(SUITES) calculates and sends the “TO
DO’ tasks to the workers and forklifts
considering the operational efficiency

© incode-project.eu
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RASPBERRY PI5 & SESNORS

Full RPi5 set up

Sound buzzer

Environmental
sensor

Demo video with the
camera and buzzer

© incode-project.eu
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SENSOR DATA

@ ro

@ Powerricet x o+
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COMPUTER VISION MODEL

» UC1

|dentification of other
moving entities

Distance estimation

Alert on the Raspberry

+ UC2

|dentification of cargo
components
(packages)

Alert when initial position
is changed

Alert on the driver’s
mobile App

© incode-project.eu
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IMPACT AND INNOVATION gglgﬁ
o INCODE=

UC1 - Smart Industrial Safety and asset orchestration

- UC1 has been initially developed for large industrial facilities in the context of a prior EU
HORIZON Project.

- INCODE provided the opportunity to significantly enhance this use case with several added features
+ UC1 significantly improves in-factory operations

- Time and cost improvement: Location awareness sets the basis for the optimization of operations and accurate
decision-making systems

- The proliferation of safety standards through the collision avoidance algorithm and CV module, provides
essential psychological safety to the employees in dangerous industrial facilities

* The infrastructure of UC1 is the core of future development in terms of software and hardware
- Digital Twins

- Warehouse Asset Management — Inventorying

© incode-project.eu
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IMPACT AND INNOVATION Jéﬁgﬁ

o INCODE=

UC2 - Route Optimization and Cargo Monitoring

« UC2 covers the external logistics scenario with a major impact on the time and resource
consumption of vehicle fleets.

Optimized routes based on multiple variables significantly improve delivery time
- Reduced fuel consumption leads to the reduction of emissions

- The algorithmic route scheduling process reduces empty miles and maximizes positive economic impact for the
end user

- Cargo monitoring enables immediate response and mitigation of transportation-related risks
« UC2 is based on iLINK’s main product PowerFleet Optimo — Business Experience & Logic
- Proven Environmental and Economic Impact especially on medium and large fleets of vehicles

- INCODE has also great impact on iLINK’s competitiveness by enabling focused research

- INCODE enhances the quality of digital solutions in the transportation and logistics sector for the EU SMEs

© incode-project.eu 22
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IMPACT AND INNOVATION @g

AA1 - Logistics and transport quality value chain

« AA1 covers the needs and challenges of the logistics and supply chain sector in a holistic
manner

- End-to-end logistics scenarios showcase the importance of the INCODE orchestration platform

- Individual INCODE components combined with the 5G technology are critical to the AA1

« The combination and enhancement of these UCs aims to deliver great impact on the Logistics
and Supply Chain sectors
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OpenSwarm

Outline

* Environment, Health, Safety (EHS)

« State of the art and challenges

« OpenSwarm perspectives on EHS

« Continuous optimization of EHS measures

« Establishment of self-organizing EHS systems

* Research topics

« User individual subscriptions to EHS related information
« Swarm based data aggregation to provide a noise map
« Spatial auto-configuration by swarm participants for context dependent data

¢ Summary




OpenSwarm

EHS in industrial production sites

Environment, Health, and Safety (EHS) measures are vital for
safeguarding workers and the environment in industrial sites, requiring
novel mechanisms to ensure safe collaboration between humans and

automated systems!




OpenSwarm

Today'’s Situation for EHS

* EHS solutions in industrial sites are limited, relying heavily on manual
processes without a holistic approach.

» Current technologies focus on protective gear and static monitoring,
lacking automation and real-time data integration.

« EHS software mainly handles workflows and documentation, with little
interconnection of equipment or live data processing.

« To foster the wide adoption of EHS mechanisms more efficient
solutions are required for the deployment in industrial sites.




EHS in OpenSwarm

Concept

OpenSwarm technology is applied to equip
heterogeneous mobile and static entities in an
industrial environment with smart sensors in order
to achieve a collective, distributed situational
awareness of the EHS state of the target
industrial site.

Benefits

EHS measures are legally required in Europe. Their
continuous monitoring is expected to result in a
significant reduction in accidents (and associated
costs) and improved well-being for workers, as well
as reduce the duration machines are not operating.

A
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Objectives for EHS

Continuous Optimization of EHS Measures

Construct systems that use collected data,
distributed intelligence, and situational awareness
from a heterogeneous sensor network to
continuously monitor and optimize EHS
measures.

Establishment of self-organizing EHS Systems

Set up systems that allow EHS policies and
measures to be defined and managed by human
workers, companies, and local authorities in
accordance with local and global guidelines.

Information Sharing

The digitally empowered worker

can request individual information

from the network

Data Collection

Collect environmental data of the
factory site and identify anomalies,
potential hazards, and potential
areas of EHS improvement

Spatial Context Expansion

Use position and localization of
mobile units (AGVs/AMRs) to
configure position of mobile sensor
tags

)




OpenSwarm

Information Sharing

EHS Warning App

Consumer devices (e.g., smartphone,
tablet) interact with the OpenSwarm
network.

Configure policies based which spatial
context parameters trigger which
behavior in proximity of humans.

Configure personalized levels for
receiving tailored warnings.




OpenSwarm

Data collection

Generation of a Noise Map

* An AGV fleet (a swarm of systems), gets
a task to collect the data necessary to
generate a noise map of a shop floor
which is heeded to provide EHS related
warning.

« Enable the operator to express
complex relations between systems of
the swarm by representing what the
systems can do and what the swarm
should do.




OpenSwarm

Spatial Context Expansion

-1D 12345
> Hazard Description

Position Xy 7
Accuracy | %
Confirmations |/

Enriching data with spatial context

* There are independently attachable sensor
tags with individual sensors that generate
data for EHS-related information.

« The spatial position of the sensor tags can Industrial Unit
be auto-configured based on the known sl
position information from mobile devices.

« This spatial information can then be used for
peer-to-peer context aware notifications
(e.g., to alert a person entering a hazardous
area).




OpenSwarm

Summary

* The OpenSwarm EHS use case leverage the technologies developed
In project (e.g., collaborative communications, swarm programming)
to realize exemplary EHS information collection, processing and
utilization processes.

* The proof-of-concept set the bases for further EHS application
development and showcase how swarm technologies ease the
adoption of EHS mechanisms.

« Overall, the proposed work paves the way for increasingly safer
industrial environments.
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