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Background: AI4REALNET

GOALS

Develop the next generation of decision-making methods powered by supervised and reinforcement learning, which
aim at trustworthiness in Al-assisted human control, human-Al co-learning, and autonomous Al

Boost the development and validation of novel Al algorithms via 3 existing open-source Al-friendly digital environments
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List of software modules, data & resources

Grid2op:

AI4REALNET/grid2op: platform to model sequential decision making in power systems
AIAREALNET/pypowsybl2grid: integration between Grid2op and PyPowSyBI backend (Python library for power grid modelling and simulation)

Flatland:

AI4REALNET/flatland-rl: Simulation environment for modeling railway scheduling and rescheduling problems using reinforcement learning and operation s research. Support
for Gymnasium!™, RLIb!2, and PettingZooB! Environments. Generation of synthetic railway environments.

AI4REALNET/flatland-baselines: Baseline models for flatland.
AI4REALNET/flatland-scenarios: Scenarios for the railway use cases.
AIAREALNET/flatland-book: Conceptual and technical documentation of the Flatland environment.

BlueSky:

AI4REALNET/BlueSky-Gym: A Gymnasium [ style library for standardized Reinforcement Learning research in Air Traffic Management.
Use cases in BlueSky scenarios (proprietary data stored in the AI4REALNET GitLab, available upon request)
AIAREALNET/ATMSectorization: an interface for transparent decision making for sectorization, supporting use case 1.
AI4AREALNET/bluesky, readme: plugins for testing BlueSky-Gym RL models on realistic scenarios

FAB ATM test runner: sample test runner that connects the testing of RL in BlueSky with the FAB client

InteractiveAl:

AI4REALNET/InteractiveAl : Generic platform for human interaction with complex networks

Specific HMI modules for each industrial domain (ATM, Power grid, Railway)

Interfaces with each digital environment (BlueSky, Grid20p, Flatland)

https://github.com/AI4REALNET/InteractiveAl-API Generic interoperability APIs to ensure communication with different digital environment
Instantiation of the generic interoperability APIs with the Railway Use Case using Maze Flatland Al agent

[1] https://gymnasium.farama.org/
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Grid20p: Power Grid Digital Environment

Developer: RTE
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General description >©\

Develop / train / evaluate performances of an agent acting on a Power grid

* Simulates model sequential decision making made by human operators to ease the research on
sequential decision making applied to power systems

* Fully compatible with standard Gymnasium Reinforcement Learning API
* Abstracts the computation of the cascading failures

* Allows running same code with multiple power flows simulators (PandaPower, PyPowsybl,
LightSim2Grid)

* Execute one agent on multiple independent scenarios in parallel
* Can be fully customized to serve different purposes (and not only Reinforcement Learning)

e Developed in Python

* Full documentation available at https://grid2op.readthedocs.io/en/latest/
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Block diagram )@'\

* Environment is a representation of the power grid with
which an Agent interacts (Generators, Loads,
Powerlines, Shunts, Storage units, Substations)

Grid2op

* Agents can perform Actions on the environment, and
receive Observations that correspond to its current or
forecasted state -‘_> [

* Environment state evolves using Data (Time series)
corresponding to injections (generators, loads) and
structural information (planned outage, hazards)

* Backend allows calculating the physical state of the
environment (Power grid’ ﬂOW, intensity’ etc_) Other experimental modules exists as part of

the “GridAlive” ecosystem, but are not used in

* The evaluation of agents can be performed by Runner, fherirgich;e asic human GUI
allowing corresponding data to be logged + Grid2Viz (visualization GUI)

* Grid2Bench (KPIs and benchmark)
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Input data >©\

* Environment
e environment time series can be read from CSV (possibly by chunks to improve 10 runtime)
« “grid.json” is the full description of the powergrid characteristics, to be used by the backend
e “grid_layout.json” is the geographic description of the powergrid for display
» “config.py” is the configuration file

* Agent
» Abstract class grid2op.Action.BaseAgent APl can be implemented/extended to create custom agents
» To perform their actions, Agents

* receive grid2op.Reward.BaseReward and grid2op.Observation.BaseObservation data from the grid2op.Environment API
* interacts with the grid2op.Action.ActionSpace API from the grid2op.Environment API

* Abstract class grid2op.Action.BaseAction APl can be implemented/extended to create custom actions

* Backends : Since release v1, PyPowsybl backend is available thanks to pypowsybl2grid package
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Output data

* Environment
» State of the environment is described by the grid2op.Observation.BaseObservation object
e QObservations are described by more than 30 attributes available in Observation API

* Visualized using basic plotting features
Grid plot image can be generated using backend functionalities
Grid20p allows for more advanced display features to be developed, for example in an advanced HMI framework

* Exported in standard file formats (for example, iidm(*) thanks to the PyPowsybl backend)
* Runner : results of an evaluation are saved in standard JSON and NumPy (.npz) formats

* EnvRecorder added in v2:
* Environment recorder for capturing and storing environment data
* Observations saved into Parquet files for later analysis

(*) internal grid model initially developed under the iTesla research project that was funded by the European Union 7th Framework Programme (FP7)

REALNET
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New Features (final release) >©\

* New method to generate data on the “small” (36 nodes) environment
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Short demonstration (photo/video)
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Co-Study4Grid

pacel

A complementary web application for contingency study and remedial action search that
implements the supportive framework mindset from Al4RealNet

A showcase of fast prototyping allowed by vibe coding, that could be further coupled or integrated
with InteractiveAl

e Contingency study & remediation

 Familiarity: Operators can simulate element disconnections, visualize and analyze network overflows, make
their own hypothesis and simulate them similarly to their study tool today

* Recommendations: request prioritized and diverse remedial actions after model selection (default:
expert_op4grid_recommender library)

* Reflective Interactions & Exploration: wide range of interactions to inspect actions, relations, influences on
network or tabular representation, or even combine actions

* Replay: Reload existing study, with related recommendations and preferred choices

e Visualization

* Four synchronized tabs — Network N, Contingency N-1, Remedial Action, Overflow Analysis with Flow vs
Impact visual modes

* Network-Area Diagrams (NAD) with interactive overflow analysis, highlighted remedial actions
* Single-Line Diagrams (SLD) with highlight of impacted switches and coupling breakers

REALNET
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Co-Study4Grid

# Co-StudydGrid ._ : : e B Lowd Study & Save Resuls Retoad Session

marstantewAriemstyExperthasstistaiiss, P72 225 80 A00imctwcsk skim B © aboutblank &

M overioads: e

. matices etk (N Contingency (N-1) (open_coupie viway nama. ©) - By overflow print geo 2026-05- £ 7 vt e [ )
@ Contingancy: LANNEL SIPRAGH o o = = 5 L - hz 10-30.ntml e e
4 ualsadc WA= f1PRACH (105 1] - - .__.“ — e s R

i om. drag
@ Select Contingency [+ wrigger | [ EARCH
LANMELSTPRAGN — refation_B1235/0-225 x 1 e N by
=\ ¢ AYER
1, Overloads 5 y ‘ S
; g AT qs 4 s TRUCTURAL PATHS

— Constrained path (44)

| 11 vertonds: @ mamssLsse o iros.1es % Red-loop paths (34)

=7

S i e A ;
RN, ) b oA IS
%{F—" w3
(AN

WDE TN SR N\
SOy

INDIVIDUAL ENTITIES PROPERTIES
£ Swapped flow (3)

= Owerloads (3)

Low margin lines ()

Simulated Actions = Menusl Selection  += Combine.
Selected Actions

# Hubs ()
@ Consumption nodes (33)

Suggested Actions 13

LOW REDMSPATCH VALUES
v B Possive (156)
B Megative (53)

[EELECTION

Al4 >¢\ aidrealnet.eu ‘ @@

REALNET


http://www.enershare.eu/

Flatland: Railway Digital Environment

Developer: Flatland Association
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General description >©\

The Flatland environment provides simplistic representation of a rail network on
a grid world to address the vehicle rescheduling problem (VRSP)

 Flatland is used to develop reinforcement learning (RL) solutions to the VRSP

* Trains are agents with a limited action space ( T ,e—,—, X, Q)
* Agents have schedules for their origin, destination and intermediate stops
» Railway network includes switches, slips, crossings and over-/underpasses

e Translation from grid representation of the network to a graph representation
is implemented

* Agents can have speed profiles, reflecting
different train classes (passenger, freight, etc.)

e Agents can be disrupted (in malfunction)
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General description )@'\

 Starter kit for easy access and as simple benchmark is provided

e Standard observations and rewards provided

Trajectories are stored for benchmarking and regression testing

Real-world example scenarios and generated railway environments are provided

Integration with InteractiveAl API (user interface) provided

Multi Objectives capability available

Compatible with standard Gymnasium Reinforcement Learning API
Compatible with RLIlib and PettingZoo API
Developed in Python

Full documentation: Flatland book

AlY >$\ ai4realnet.eu @@

REALNET


http://www.enershare.eu/
http://www.enershare.eu/
https://github.com/AI4REALNET/flatland-book

Block diagram

flatland-rl

flatland-baselines
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flatland-rl is the main package
of Flatland and includes:

* core (base classes and
functionality for simulations
and reinforcement learning),

. envs}.railway.envir.onment
specific functionality),

* callbacks and integrations
(for extended interactions,
e.g., InteractiveAl),

 ml (Gymnasium, RLlib and
PettingZoo support),

* env_generation and
trajectories (environment
generation and simulation run
persistence)

* evaluators (functionality for
scenario evaluation)

flatland-baselines provides a
heuristic based policy baseline
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New Features (final release) >©\

Implemented new reward and reward component (used for railway competition)

Data processing for new visualization element (Marey diagram) used in HMI

Improved rail generator

Extended persistence (trajectories)

Overall cleanup and performance improvements
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Input data >©\

* Environment

* Environments, i.e., railway network, train stations, schedules, lines, etc., can be specified manually or being

generated based on parameters (grid size, number of agents, network characteristics, number of stations, etc.) in
Python scripts.

* Environments can be loaded from PKL (Pickled Python Objects) files.
« Simulation runs, i.e., a sequence of environment states and actions (trajectories), can be loaded from PKL and TSV
(tab-separated values) files.
* Agent

* Agents interact with the environment by providing one of 5 actions (move forward, move left, move right, stop, do
nothing) at each time step. With dynamic speed: acceleration by move forward action, deceleration by stop action.

e Agents have access to an observation and rewards at each time step.

* Models for the Agents can be loaded from PKL files.

* Gymnasium, RLlib, PettingZoo APIs are available for agent-environment interaction.
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Output data

* Environment
* Environments can be saved as PKL files.
« State, observations and rewards are provided for each time step.
* Trajectories can be saved as PKL and TSV files.

* Renderings (videos / images) of simulation runs including observations and
other information can be generated and saved in standard media file
formats.

* Events compatible with InteractiveAl framework can be exported or sent to
live InteractiveAl instance.
* Agent
* Actions can be exported as part of the trajectories.
* Trained models can be saved as PKL files.
* Training data is logged (e.g. rewards).

no

e
safl W
an% 8%

Real-world scenario demo (Olten, Switzerland):
https://github.com/AI4REALNET/flatland-

ﬁ . scenarios/raw/refs/heads/main/scenario_olten/img/olten_thumb.mp4
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BlueSky: ATM Digital Environment

Developer: Delft University of Technology
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ATM UC 1: sectorization
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New Features

pacel

Time: 13:02:34

Environment = Heatmap  Reward Complexity

® { )

Time: 0 | Start: 30 | End: 110 [min]

Chart Settings

Nr Aircraft . Route Crossings . Sector Entries/Exits . Aircraft Conflicts

Max (All cells, t=50-110): 33.00

| Std (All cells, t=50-110): 6.79

| Mean (All cells, t=50-110): 15.99

| Handoffs (All cells, t=50-110): 96

Aﬂ4>e\

REALNET

aidrealnet.eu @@

DN N N N N Y RN

Geospatial rendering on a globe
Taskload (prediction) uncertainty
Complexity view (taskload balance KPI)
ATCo expertise assignment per sector
Use aircraft icons & ATM text labels
Experiment Manager

Data logger

Deployment on a webserver
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Geospatial rendering for operational realism )-@\

Santa Maria FIR: ATM.UC1 environment for dynamic airspace sectorization.

Environment =~ Heatmap  Reward = Complexity Environment  Heatmap  Reward = Complexity

Geospatial rendering on

a globe increases
operational realism,
enhancing overall user

experience.

° (1 () o 0 ()
Time: 0 | Start: 50 | End: 110 [min] Time: 0 | Start: 50 | End: 110 [min]

Zoomed out Zoomed in
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Taskload prediction uncertainty PN

Error bars in the stack bar charts represent the
level of uncertainty in predicted taskload per
sector (i.e., polygon cell) within a given time

horizon, stemming from uncertainty in aircraft
trajectories.

Chart Settings

. Nr Aircraft . Route Crossings . Sector Entries/Exits . Aircraft Conflicts

‘ Max (All cells, t=50-110): 33.00

 Grey areas visualized

‘ Std (All cells, t=50-110): 6.79

in the timeline plot of
the predicted
taskload indicate the
worst-case taskload

‘ Mean (All cells, t=50-110): 15.99 |

‘ Handoffs (All cells, t=50-110): 96

Taskl oaii

VA

fine [aia] given modelled

uncertainties.

. Nr Aircraft . Route Crossings . Sector Entries/Exits . Aircraft Conflicts
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Complexity view (taskload balance) PN

Environment  Heatmap  Reward Complexity

Color-coded polygons and average complexity values provide
direct visual feedback on the taskload balance KPI. Maximum
taskload can be configured and will be colored in dark red, with
lowest predicted taskload near zero is colored light yellow.

The line thickness of each polygon represents the level of
uncertainty in taskload balance: the thicker the line, the more
uncertain its predicted taskload.

° (] (] ' :
Time: 0| Start: 50 | End: 110 [min] Unbalanced sectorization Balanced sectorization
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ATCo expertise assighment PN

Environment = Heatmap  Reward = Complexity

Enable supervisors to assign air traffic controller (ATCo)
expertise types for handling a specific sector, given the sector’s
predicted taskload and uncertainty.

ATCo: none _ Although these labels are currently not used in the AI4AREALNET
ronen & Corrames | sectorization assistant, collecting such data can facilitate

assign ATCo: validated
assign ATCo experienced collecting tacit operational knowledge to advance future
¢ sesign ATCo: supervisor kC algorithmic developments.

clear ATCo assignment s
/ ]

® i J

Time: 0 | Start: 50 | End: 110 [min]
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ATM-relevant icons and text labels )@\

Environment  Heatmap  Reward = Complexity

Using aircraft icons and ATM terminology in the text labels
supports users’ operational interpretations and adds meaning.

Tﬂskloa;'l

|
]
7
L ( )
Time: 0 | Start: 50| End: 110 [min]
I
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Experiment Manager

pacel

Experiment Manager

Order of Testing Conditions

Participant 1st 2nd 3rd 4th 5th | 6th
A 1 2 6 3 5 4
B 2 3 1 4 6 5
C 3 4 3 5 1 6
D 4 5 3 6 2 1
E 5 6 4 1 3 2

Participant playlists (incl. Latin Square counterbalancing)

F 3

Il

JSON

next participant

next
trial run

v

______________________

E Independent
' Variable(s) J, k, ...

_____________________

Survey/questionnaire
(post trial and/or post experiment)

End of

playlist?

Experiment Manager and flow chart of its architecture needed for running experiments

Al4 >¢\
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An Experiment Manager and
corresponding logic has been
embedded in the ATMSectorization
application that facilitates running
self-paced experiments remotely
within a web-browser. It loads
personalized playlists defined in
JSON format that specifies the
sequence of scenarios and its
configurations for the validation
trials scheduled in WP4.
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Data Logger PN

Data logging is an important feature to facilitate B e e

data collection and post-experiment analysis as = i S
part Of WP4- Summary

156 7 0 0 2 2 37

After each experiment trial, a ZIP is automatically s aamgs dowews s e e
downloaded containing all log files for later data 32

Context menu
ents

Chronological Events

analysis:

[ ] 0.000s trial_start  system / sysfem
. . . . Time Distribution by View
trial_log_<ParticipantID>.zip T S ——
. 0.000s view_change  tabs1/environment environmentmap
= events.csv
chart-barchart environment-map [ ] 0.000s tab_change  tabs2 / chart-container
- eventS.JSOn 573.68s 32184
[ ] 0.000s view_change  1abs2 f chart-container chartbarchart

= trial_outcome.json

® 5352 barchart click  {abs2 / chart

Timestamp: 2026-08-04T(7:42:15.931Z

= trial_symmary.json Seq: 6

Viewport: tabs2

. Tab: chart
= SUuU r‘vey_r‘esu'l ts. json Type: barchart_ciick
Target: bar
Action: click

= timeline_report.html Labet: Cal &

Index: 6

!

The HTML report contains an easy-to-read trial summary + timeline

L] 5.352s view_change {absZ /charl chart-fimeline-polygon-6

overview to facilitate JCF timeline analysis

AlY >©\ ai4realnet.eu @@
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Deployment on a webserver

https://atclab.tudelft.nl/aid4realnet

€« > C 25 atclab.tudelftnl/aidrealnet

m“"« ;ﬁ;\
Lﬁﬁ;q% ] 7% @/ &ﬁ‘j «;.@‘

articipant 1D 'E‘d u.n I/typd C

Enter Participant ID

The application has been
deployed on a webserver,
enabling people to remotely
access it for participating in the
experiment (using their unique
ID) or for demonstration
purposes (generic ID: demo).

aidrealnet.eu
REALNET
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ATM UC 2: path planning

Aﬂ4>e\

REALNET

ai4realnet.eu @@

BlueSky-Gym
m]izTi[n

TraffixGen

I ..

InteractiveAl
connector

]

REALNET
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New Features )@'\

v’ Realistic Scenario generator
v’ Integration of BlueSky-Gym with the MORL-DOL library developed by UKASSEL
v" Inclusion of evaluation metrics
v' Added support for use case 2 specific features in InteractiveAl's codebase:
o restricted areas and perturbations
o protected zones around aircraft

v Build a UC2 connector between BlueSky and InteractiveAl to enable the interaction between the end user
and Al agent:

o Information is provided for aircraft leaving and entering the sector
o Alerts for aircraft incursions in weather cells or volcanic ash cells
o Alerts for aircraft incursions in restricted areas, and for loss of separation events

AlY >$\ ai4realnet.eu @@
REALNET
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Context

* An RL-based decision support tool for stretegic path
planning in Area Control Centres (ACC)

* Developed to support Air Traffic Control (ATC) and
Flow Management Position (FMP) supervisors
dealing with path planning complexities:

* the activation of large military areas
* the deterioration of weather conditions

* Demonstrated for the Lisbon Flight Information
Region

AlY >$\ ai4realnet.eu @@

REALNET

Credits chart: NAV eAlP

https://ais.nav.pt/wp-
content/uploads/AIS_Files/eAIP_Current/eAlP_
Online/eAIP/html|/eAlIP/LP-ENR-6-en-PT.html
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Training and Testing Architecture >©\

Training architecture: BlueSky-Gym + MORL-DOL

- BlueSky-Gym (release 1.2 and 1.3) provides a set of simplified scenarios, procedurally generated, which are used to
train models with reinforcement learning agents (custom or from standard libraries).

- MORL + Deep Optimistic Linear Support library is connected to BlueSky-Gym (this release) by exposing the reward
components representing different objectives.

Testing architecture — autonomous RL: BlueSky plugins (synthetic/realistic scenario generation, perturbation generator

and RL deployment) + FAB

- The BlueSky plugins (release 1.3) loads sector data and generates synthetic aircraft, restricted areas and perturbations.
The RL model deployment sends observations to the previously trained Al models from the BlueSky-Gym
environments, which in turn control the speed and heading of the aircraft.

- The BlueSky engine measures KPIs through simulations (this release), and sends them to the FAB platform connected
through an API (release 1.3).

Decision support tool: BlueSky plugins + InteractiveAl

- A connector (this release) is built to bridge the BlueSky plugins for deployment of the RL models on generated
scenarios with InteractiveAl.

- Alerts and Information are provided to the user in the dedicated tabs (this release).

- Interaction with a Pareto front interface allow the user to custom pick a model to run on specific aircraft.

REALNET

AlY >$\ ai4realnet.eu @@
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Full Architecture

Training - BlueSky-Gym

Testing - BlueSky

Visualization and Interfacing - InteractiveAl

Procedural Scenario

. " Generation N Context
.g Procedural Scenario E
g Generation g
(1] (%)
3 o Real data
e =
= o
= 3 «| Information/Alerts
£ o o service
o Visualisation Module Realistic Scenario
Generation
Custom selection of
Custom RL w| RL model - MORL
Algorithms own Pareto front
ex. WP3 visualisation module interfacing
MORL-DOL
Y
Libraries of > .
Standardised R GV"I‘:;?;;";AP' > Models >  Testing plugin
RL Algorithms d
Legend Y Y A4
Autonomous Al HITL KPI
| External resource | KPI modules > FAB < modules
WP4 - T4.1-4.2 WP4 - T4.3

Al4 >©\

REALNET

ai4realnet.eu @@
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TraffixGen - a realistic scenario generation )@'\

- Python package for processing and analyzing flight traffic data

- Classify and analyze flights based on flight type or other characteristics

- BlueSky plugin used to generate realistic Origin—Destination (OD) distributions
- Capability to add jitter to scenarios, to simulate delays

- Interaction through a graphical user interface

AlY >$\ ai4realnet.eu @@

REALNET
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Training stage: BlueSky-Gym general description >©\

A Gymnasium style library for standardized Single-Agent Reinforcement Learning research in Air Traffic
Management

e A platform to accelerate RL research in ATM, bridging gap between fundamental research and full-scale
experiments

e Fully compatible with standard Gymnasium Reinforcement Learning API

e Compatible with RL libraries (StableBaselines-3, RLLib), allows for own algorithms
* Developed in Python

Environments general description
* Scenarios are simplified, but representative of full-scale problems

* Customizable complexity and traffic types thanks to a modular design, providing standard observation
and action spaces, reward functions for:

* Horizontal environments for lateral navigation (observations: drift and distance from destination. Distance, bearing
and speed with respect to intruders; actions: heading changes; reward: intrusions, drift, destination reached)

* Vertical environments for vertical navigation (observations: altitude, vertical speed, target distance, runway distance.
Bearing, speed and altitude with respect to intruders; actions: intrusion and target altitude distance, crash penalty)

REALNET

AlY >$\ ai4realnet.eu @@
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Training stage: available environments

Environments:

e StaticObstacleCREnv-v1

» StaticObstacleSectorEnv-vO

e StaticObstacleSectorCREnv-v1 -> Integrated with the MORL library
* CentralisedStaticObstacleEnv-vO

* CentralisedStaticObstacleCREnv-v1

* CentralisedStaticObstacleSectorCREnv-v1

https://github.com/AI4REALNET/bluesky-gym/blob/main/bluesky gym/envs/static obstacle cr env.py

AlY >$\ ai4realnet.eu @@

REALNET
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https://github.com/AI4REALNET/bluesky-gym/blob/main/bluesky_gym/envs/static_obstacle_cr_env.py
https://github.com/AI4REALNET/bluesky-gym/blob/main/bluesky_gym/envs/static_obstacle_cr_env.py

Multi-Objective Reinforcement Learning (MORL):
integration with BlueSky-Gym training and testing

Training

architecture
(BlueSky-Gym +
MORL-DOL)

Testing

architecture

(BlueSky +
InteractiveAl +
MORL interface)

/ MORL trains multiple models for differently weighted reward components: \
b o
Q o o oo 3
‘ s < > - § output
A 4
L R $ .
-

K StaticObstacleCR env wi (safety) + w2 (efficiency) /

Human selects a design point per aircraft:

BlueSky (backend) runs a default model from the training output.

a different model is loaded in place of the
InteractiveAl shows the resulting trajectories and a Pareto front interface default /

AlY 59\ ai4realnet.eu @@

REALNET

MODEL (w;, w,)
MODEL (w; ,w,)

MODEL(w?, wk)

output
—_

Interaction data
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Inclusion of evaluation metrics >©\

* Intrusions (total intrusion time + number of intrusions events)

» Separate reward components (drift, destination reached, intrusions, crashed)

* Minimum closest point of approach (with respect to intruders and restricted areas)

* Number of obstacles encountered (<20 NM), number of other aircraft encountered (<20 NM)

* Additional path length (compared to straight distance or distance computed by a path planning
algorithm), ratio (actual/planned) + additional time

* Action (heading and speed delta): amount of reversals, rate of saturation, average value and
average distance from action at the previous timestep

The metrics are available for the StaticObstacleCR environment:
https://github.com/AI4AREALNET/bluesky-gym/blob/metrics/bluesky gym/envs/static obstacle cr env.py

AlY >$\ ai4realnet.eu @@
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Integration of UC2 in InteractiveAl )@'\

* BlueSky is the engine of the simulations:
o Used to simulate scenarios, synthetic or historical
o The aircraft are controlled by an RL agent via BlueSky's plugins (aidrealnet_deploy RL batch.py, see
Deliverable 1.3).
* InteractiveAl is the frontend interface with which the FMPs interact.
o The state of the simulation is pushed as context to InteractiveAl
o Information is displayed to the user: entry/exit of aircraft, weather or volcanic perturbation occurrence
o Events (such as the occurrence of losses of separation or the incursions in restricted areas) trigger
notifications that are displayed to the user, with various degrees of urgency.

AlY >$\ ai4realnet.eu @@

REALNET
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Restricted areas >$\

/@ InteractiveAI: Q00 32w @
=y

- Restricted areas are shown in red
- All areas are associated with a name, visible when

hovering over the areas.
- High priority Alerts are shown if an aircraft
intrudes a restricted area

Information

(Timeline (GMT+2)
ered Restricted 2:00 AM 2:07 AM 3:00 AM
4 v

| Aircraft AC24 entered
Restricted Area 5

Al4 )@'\. aidrealnet.eu ‘ @@

REALNET
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Protected Zones )@'\

Aircraft are required to maintain a 5NM distance from

@ InteractiveAI '« 000 : - O
l cx m""“ a > each other for safety. The areas with 5 NM radius
3@ """""""""""""""" centered around each aircraft are protected zones.
* The presence of an aircraft within another aircraft
protected zone is a loss of separations.
® - & :
- & * Protected zones are displayed in green in the
g interface, if no aircraft is intruding.
l = o 5 /\\ﬁ: ) * In case of loss of separation:
. Q\\* > o High priority Alerts are issued if two aircraft
il — i‘ | invade each other's protected zones.
T = o Protected zones are colored red to immediately
— i draw the controller's attention.

Weather Cell appeared

o Moving the cursor on the aircraft displays the

aircraft ID.

AlY >©\ ai4realnet.eu @@
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Weather/volcanic perturbations >@-\

- Weather and volcanic perturbations are shown in yellow

Alerts B Map
Weather Cell appeared 203 AM ‘ + ‘
e

@ InferactiveAl'~ ©66:+~~@ - Allareasare associated with a name, visible when

| hovering over the areas.

- Medium priority Alerts are shown if a weather/volcanic
ash cell appears (as driven by BlueSky's perturbation

generation module).

- The approximate duration of the event is displayed on the
timeline (to mirror the ATCO's workflow when weather

Information

forecast data would be available in place of the generated
perturbations).

- Information notifications are provided when the
perturbations are cleared.

- Medium priority Alerts are shown if an aircraft intrudes

either a weather/volcanic perturbation cell

AlY >©\ ai4realnet.eu @@

REALNET
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InteractiveAl: AIAREALNET Framework

Development Lead: IRT SystemX
Contributors: EnliteAl, FHNW, Fraunhofer, InescTec, EnliteAl, UKassel

AlY >$'\ ‘ aidrealnet.eu ‘ @ o

REALNET
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InteractiveAl Platform - Objectives

pacel

* The InteractiveAl platform is a generic technical base used to build interactive assistants for different
industrial sectors

* The assistant objectives:

Display a user-friendly context view about the digital environment : real time state

Notify the operator in case of incidents

Allow the operator to interact with his environment
Ask for help

Display recommendations proposed by Al agents

Give feedback on Al outputs

AlY >©\ ai4realnet.eu @@

REALNET

Al4RealNet
Assistant

|

—

Digital
environment
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InteractiveAl Platform - Description

* An interactive Al Assistant Platform for Real Time operations
* A generic technical base for all the industrial sector
» Specific HMIs for each application domain

* Communication with the digital environments

* Facilitate the interaction of the operators with different environments :‘;
/ \ Operators

>

Context Data

n
P

»

\_ GridZOpj \_

FLATLAND Events K Specific HMIs \

Recommendations InteractiveAl

J

InteractiveAl
Github repository

Digital environments

AlY >©\ ai4realnet.eu @@
REALNET
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Inputs

Generic InteractiveAl Platform : Open source

Different use case scenarios

Specific needs for HMIs

Generic APl connectors specifications

* Trained Al agents for each domain

AlY >$\ ai4realnet.eu @@
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Release plan and objectives

Release D1.2 (submitted) —
- Digital environment enhancement Digital environments S ﬁ*&%
- Integration with Interactive Al : !
Release D1.3 (submitted) 2 53 etz #ica
- Interoperability connectors e e p——
Release D1.4 (This release) R, e .
Full ecosystem: environment & benchmarks S
* Human related KPIs = Al Agents | e ’?“ T l
= Information logging = CurriculumAgent o060 ” ------ T"-““'"“e ------- -- Release
= Stress and cognition module * ExpertAgent | CEEISTO & D1.4

=  Human experience questionnaires =  SoftGNN

= Co-learning HMI =  Multi-objective RL "”“ O @ —:ﬁ
. Y/ =
=  Agent as a service (A3S) = Uncertainty Quantification . m ﬂ

Information
Co-learning HMI Human related KPIs logging

Stress and
cognition module

REALNET

Al4 >¢\ ‘ ai4realnet.eu ‘ @@
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Generic adaptations — InteractiveAl- Final Release >$\

G Al Agents & Interaction Support
* Agent As a Service / Multi-Agent support (Directive Al, Multi-Objective Al ,Co-Learning )

a User Study Support

* Logging service - session reports & KPls
e Customizable digital questionnaires

—\ . \
. . . Post/Context jummslp | = J ccccccccccccccccccccccccccce
Digital Environment - >
@ |, > ~
) <
g
A A when alarms occur 0 ) g
; e (8]
( i ) -------------------------- : X
L o 2
o £
Agent As a Service <
Multi-objectives Al (MORL)
Co-learning Al Recommender Al Dlgltal
—/

Questionnaires

REALNET
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Block diagram

Digital Environment

@ during all scenario

Post /Context

Post /Event

z I
{actions}

v

Al Agent

Al4 >©\

REALNET

When asked by user

Post /Actions
actions

When asked by user
Get /Recommendations
{context, event}

{Recommendations}
ie: Action(s)

One or multiple
@ choice actions

ai4realnet.eu J
InteractiveAl platform

-

InteractiveAl

E Releasettl }

Release#2
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Human related KPls

pacel

* During the session, InteractiveAl captures the following human interaction KPIs:

* Total decision time: total time taken to resolve an issue

* Human response time: time taken by the human operator to make a decision
* Assistance relevance: number of times the operator considers the Al output

e Total session time: total duration of the session

Per session Session Summary
User: powergrid_user - Session: ce4eab46-8a54-4d51-badf-acase7dbel7c | Copy
9/18/2026, 2:58:10 PM — 9/18/2026, 3:02:35 PM

4m 25s 6 2/6

Total Session Time Events Handled Assistance relevance

Per event
T Total Decision Time: 7s
2 Human Response Time: 6s

Application domain %‘ @ &‘ QIEL'A&T aidrealnet.eu @@

8s

Average Total Decision Time

21s

Average Human Response Time

IRTSX
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1/2

Information logging )@'\

* InteractiveAl provides a detailed report of the
environment status and operator actions, with QL1 Event #6 Overload
timestamps (json file and HTML report) Overload in line 23:25:55_57.148

Warning: the 23:25:55_57_148 line is overloaded by 117.8%

* Alerts: alerts that occurred during the 9/18/2026, 33230 PM

X event_type Overload
session line 23:25:55_57_148
° flux 1178
kpis {"max_overload™1.178,"renewable_energy _share":0.416,"total_consumption":999.3,"distance_from_reference_topology":
event_context (© a0 1516 g h
* Help requests: when the operator asks for — S, - pne R e s
assistance ’

* Al outputs: recommendations or outputs
provided by the Al

* Operator decisions: decisions made by the
operator

e Operator feedback: feedback provided by
the operator

7967 %

Exemples

@ .

historic-session-powergrid_user-2026-09-17T13-38-11-775Z.html

» Grid observation (65 fields) ]

‘;}] AlY >$\ aidrealnet.eu ‘ @@

\ historic-session-powergrid_user-2026-09-18T12-58-10-31 GZ.JSOI']/‘ REALNET
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2/2

Information logging )@'\

* InteractiveAl provides a detailed report of the environment status
b Grid observation (65 fields) and operator actions, with timestamps (json file and HTML report)

% Total Decision Time: 31s e Alerts: alerts that occurred during the session

£ Human Response Time: 30s

* Environment context: context of the environment when an
alert occurs

* Help requests: when the operator asks for assistance

Interactions

|

@ | WS GG 9/18/2026, 3:33:47 PM

Ri=alel M1NIS e ly i (o] S 9/18/2026, 3:33:47 PM

* Al outputs: recommendations or outputs provided by the AI:
® WL ©/18/2026, 33400 PM :° Operator feedback: feedback provided by the operator ‘
RECOMMENDATIONS QeI Y + Operator decisions: decisions made by the operator

~
O W3DLT @ o/18/2026, 3:34:17 PM

C‘/ Confirmed — Injection recommendation: production source redispatchTopological recommendation: Schematic acquisition at substation 28
@ | W\ 0W 0/18/2026, 3:34:17 PM

Injection recommendation: production source redispatchTopological recommendation: Schematic acquisition at substation 28

"gen_41_18" de 0.13 MW, "gen_41_19" de 0.99 MW, "gen_45_20" de 1.39 MW, "gen_64_35" de -1.69 MW, "gen_68_37" de 2.58 MW Assign bus 2 to line (extremity) id 41, Assign bus 2 to line
(extremity) id 42,... [truncated]

efficiency_of the reco: 0.9385525584220886 type_of _the_reco: Topological

Application domain yh @ @‘ REALNET A B AN IRTSX
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Stress and cognition module

The Human Assessment Model (HAM) is an Artificial
Intelligence (Al) based procedure for the continuous, | e
real-time evaluation of cognitive load and stress in high-  |[ssen][ om ][ ﬂg

pacel

ECG +RT+VAS
Data

Personalised
Models

risk operators using physiological signals.

QUESTIONNAIRES

VAS
m Experimental Protocol for laboratory

Models building Individual Models
stress & cognition personalization database
Physiological signals are better suited for real-time Erastion
. . . Human Assessment
scenarios and allow for a stronger interaction between ECG wearable Model (HAM) Oporsy
. . acquisition Model
human operators and Al agents to improve suggestion N -W—
eallime data streaming
mechanisms. AP post
1 H inthe xplainable output for
Implementatlon Operator during @ 7 cognllzn\?elz per:)lrmar:getgstress

work shifts

The HAM consists of a 2-step procedure: an offline phase 4@' Al agent
to characterize the stress response of an individual; an opeion

online phase to evaluate cognitive load and stress level suggestions/ ey

during work shift with a human-in-the-loop approach.

Application domain @ @‘ QIEL'A>L%ET sidreaneteu | (in)(¥)
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Stress and cognition module

Real-time usage

ECG data are collected during operators' normal work
e shifts while interactive with Al agents

An experimental paradigm is proposed to analyse
cognitive performance before and after applying a
social stressor while acquiring electrocardiographic
(ECG) data through a wearable sensor.

Data is transferred to check for signal quality and

feature computation during the operators' decision
making process.

After signal processing, feature selection and Models outputs are converted into strings for
hyperparameters tuning are carried out to train interpretability and retrieved by InteractiveAl using a
participant-specific models. dedicated API.

Al agents receive these operator data jointly with
operational information for  output human-based
personalization.

Models are stored in a database to be retrieved and
loaded through API requests.

@ User’s cognitive informations

Cogpnitive Performance: 1.38 2026-07-20 10:56:43.000

Stress State: A Stressed 2026-07-20 10:56:43.000

Cogpnitive Performance Explainability: High performance: Fast, accurate and can assist others in more demanding tasks.
Stress Explainability: Stress detected. High confidence: it is strongly certain that stress is present.

Application domain %* @ @‘ AlL X aidrealnet.eu

REALNET
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Co-learning HMI

1/3

Train-Dispatcher HMI showing a technical train collision event with a notification interface and a human feedback window.

@ InteractiveAl::s

Notifications Q (= Kartenansicht ZWL Diagramm
a
Technische Stérung Train3— 1EizD U3 Semiied
—Zug3 INFRASTRUCTURE

Zug 3 hat eine technische Stérung und
wurde angehalten. Der Wartungstrupp
wurde alarmiert. Voraussichtliche
Behebung: 15 Zeitschritte.

28 @

Zug 3— Technische Train3 —
Storung behoben INFRASTRUCTURE
Die technische Stérung von Zug 3 wurde
behoben. Zug 3 ist wieder fahrbereit. Zug @
ndhert sich demselben Streckenabschnitt
— bitte eine Losung auswahlen, um eine
Kollision zu vermeiden.

-3

Szenario-Loader
SZENARIO MODUS

Testszenario — Technische Stérung v

] A Entscheidung erforderlich
“ X Beenden

zenario — Technisc!

Flatland-Train-Map view

Application domain

Jo

A

rivayser (@) @ InteractiveAIss Q0 > v @

Notifications Q (=) Kartenansicht ZWL Diagramm

) . i 5 o )
Vielen Dank! Technische Stérung Train 3 ° Vielen Dank!
“ —Zug3 INFRASTRUCTURE
Alle Szenarien 1. Thre E 1 wurden gespeichert, = i
gese Zug 3 hat eine technische Stérung und Alle Szenarien 1. Ihre E
wurde angehalten. Der Wartungstrupp

wurden gespeichert.

Deine Entscheidungen: . — i i s

o wurde alarmiert. Voraussichtliche Deine Entscheidungen:

scenariol — Decision 1: IC 301 wartet — § 420 und § 425 passieren enebung: 1o cetschiiie; scenariol — Decision T: IC 301 wartet — S 420 und S 425 passieren
2uerst =2 8 s

Zug 3— Technische  Train_3—

Stérung behoben INFRASTRUCTURE
Die technische Stérung von Zug 3 wurde
behoben. Zug 3 ist wieder fahrbereit. Zug 0
nahert sich demselben Streckenabschnitt 98

L] 0

— bitte eine Lésung auswahlen, um eine .
Kollision zu vermeiden.

-8

5294 Train 1 Train d Train 3

0 7.8 15.6 234 312 39

Position (column)

Szenario-Loader

SZENARIO MODUS MODULE
MODULE

he Stérung v

chiitt 30 A Entscheidung erfordertich
% X Beenden

Testszenario — Techr
- e

Time-Position-Map view (ZWL/Marey-Diagram)
AIL|>$\ aidrealnet.eu ‘ @@ FHNW

REALNET
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Co-learning HMI

Train-Dispatcher HMI showing a train door| malfunction|with an additional|information|and|interaction|{window

T
mlnfer cfiveAII.s.s e é S railway_user @ D InteractiveAI:ss m é Q  raiway_user @

. . 4 N\ Notifications Q a8 Kartenansicht ZWL Diagramm ( \
Notifications Q (=) Kartenansicht ZWL Diagramm - — p— a
— o Schrd & Streckenkontrolle —  Train0 — . = Viiton Danid
e ppp Tempo Ix Vmax 40 km/h INFRASTRUCTURE i
Turstérung —  Train_0 — sy . . i
9 I;FWF;STRUCTURE o Szenario 1— Kreuzungskonflikt P ———— Alle Szenarien abgeschlossen. Ihre Entscheidungen wurden gespeichert
1C301 = - Unregelmassigkeit der Fahrbahn
An IC 301 wurde eine Tirstdrung Zugbewegungen werden Uberwacht... Schritt 18 festgestellt. Fiir P 205 gilt Vmax 40 km/h. Deine Entscheidungen:
gemeldet. Der Zug muss an der iafhdgm wurde aufgeboten. scenario1 — Decision 1: IC 301 wartet — S 420 und S 425 passieren
aktuellen Position anhalten. Eine Entsche g wird erforderlich, sobald ein Konflikt erkannt wird s 2uerst
Geschatzte Verzégerung: 8 Dispositionskonflikt —Train 0 — .
Zeitschritte. \{ p Kreuzungsreihenfolge INFRASTRUCTURE
a8 & P 205 ist verspatet und verursacht einen
Kreuzungskonflikt mit G 501 und P 312 auf
dem Einspurabschnitt. Bitte legen Sie die
Zugreihenfolge fest.
=4 a
) J
v
Szenario-Loader
Szenario-Loader SZENARIO MODUS MODULE
Szenario 2 — Fahrt auf Sichtw et
SZENARIO MODUS MODULE
A Entscheidung erforderlich
Szenario 1 — Kreuzungskonflikt e

i Szenario 1— Kreuzungskonflikt — Schritt 18

Train Door Malfunction (Failure type INFRASTRUCTURE) Disposition Conflict (Failure type INFRASTRUCTURE)

REALNET

Application domain & AIL|>$\ ai4realnet.eu { @@
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Co-learning HMI - Video demonstration

W N ) 0 flat

C | © localhost:3200/cab/Railway

@ InteractiveAl':s

Notifications S B

Szenario-Loader

IIIIIIII

@B ix ) flat

Q flo i () > il e O fati] O flat ot e
Sj & QA W = : Aktualisieren ==+ % Chat

Application domain

[
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Scan the QR code
for the video
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Agent as a Service PN

» Supports operators in action selection processes by providing them with more information about
the recommended actions

* Projects KPIs of proposed actions several states in the future

* KPI projection helps the operator decide if the action proposed by the RL agent will have
any unintended consequences down the line (for future n steps)

* Ensures that simulator/deployment and A3S service have fully synchronized state for realistic KPI values
* Either through env serialization or action / history replay

loop: agent.act — step,

A3S Recommendation Flow B sleiim i

fork per
alternative

Recommendations

Branch Rollout

Request Received Environment Actions Proposed

format + collect
each alternative forked |———p
and stepped forward
independently

Emitted

normalized, ranked
results returned to caller

Prepared

AP! gets context + . et agent fans out N
serialized environment sl S alternative first actions
state observation obtained

1
1
I state unverifiable
: (validation fails)
1
1

No Recommendation ]

Application domain %" @ @‘ {“3333733755%5

ENLITEAI
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Agent as a Service PN

* Agent and Environment agnostic A3S Service Architecture
. : . :
Worlfs with eX|st|ng e.nV|ronme-nts and RL agents AP Layer (Flask)
that Imp|ementS m|n|ma| A3S |nterface receives requests, resolves use case, returns recommendations
* To add a new agent or a support for new lrequest
environment, user.only needs to implement the A3S Core
Agent and / or Environment Interface acnanic jallant cugine
Environment interface Agent interface
* Implemented as separate standalone Docker action ) v Conaictectng
recommendation service for InteractiveAl by W s e
s format_recommendation (render output)
— = J

1
l implements interfaces 1 implements interfaces

____________________________

Future Integration
e.g. Flatland, ATM i

i i i i i et

PowerGrid Integration
Grid20p env + PPO/greedy agent

Application domain @ @‘ QE”A%%ET aidreaineteu | (in)(¥)
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Agent as a Service PN

* Example KPI projection —

raseeee - o 218§ ¢ 29 ' il :m
* All recommendation actions have similar = sV , N iy g
initial KPI values, but their futures show that |~ e s 1 R

2/3 actions lead to the failure down the line [ e

e Potential cause of this phenomenon: RL » \ Ca
agent is too "greedy" - it optimizes mostly for |« = 41 M— o
the current step and does not consider the .
future

* A3S separates similarly performing actions at : ./fé
the step zero (KPI projection based on the /@\ g e S S S
current state) from consequence of those o D s s s 1o 1o sev
actions when projected in the future

2370%

Application domain @ @‘ QE”A%%ET aidreaineteu | (in)(¥)
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Multi-Objective Reinforcement Learning (MORL) >©\

 MORL extends Reinforcement Learning to multiple objectives instead of optimizing a single reward.
* |tis useful when objectives conflict or require trade-offs, such as efficiency vs safety.

* MORL learns policies that represent different trade-offs between objectives, ideally approximating a Pareto-

optimal set of solutions.

* This provides flexibility at decision time, the preferred trade-off can be changed without necessarily

retraining the agent.

e This capability has been integrated into the InteractiveAl platform allowing different policies to be selected

during decision process.

e Users can select the policy that best matches the current situation or operational priorities.

Application domain %’ @ QE”A%%ET aidgeginet.eu m®
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Multi-Objective Reinforcement Learning (MORL)

Before consulting for recommendation user can
select different policy

Alerts [eX=]

5
the 23:25:55.57.148 line is

& InteractiveAlI:ss

Context | Pareto front

Select a point to choose the agent used for the next recommendation

O

Selected policy

2/3

@ O B 2 rowersriduser @

Selected checkpoint
Policy 1

Rewards

L2RPN reward
Topology-action reward

Objective weight
L2RPN reward

. Topology-action reward

62

07

075
025

0.08
-0.21
kel
8
H
3
. § 05
‘6‘
©
N
g
g o 79
g o
-1.08
0.912
Selected checkpoint
Policy 1
Agent's performance Rewards
# L2RPN reward 6.2 |
A Topology-action reward -0.7
. . . Objective weights
ObJ_ec“Ve wglghts > L2RPN reward 0.75
during training _
~» Topology-action reward 0.25

Application domain % @ Al N

REALNET

4.45

L2RPN reward

2.681
Gs1PM 7006M
v . 4
e
3l
)
T

ai4realnet.eu @@

8:00 PM
v

6.219 7.988

900 PM
v

Recommendations

Overload in line 23:25:55_57.148
detected. Would you like help
processing the event?

Consult the recommendations:

Use the analysis tool @

How can I help you?

©
e

10:00 PM
v

Fraunhofer
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MORL Demonstration

3/3

@ InteractiveAl:

Alerts Pel= Context  Pareto front

Renk o4 1 comtingency o

Tasks

Timeline

Risk of H-1 0
1214853141

Risk of N-1zontingency on line _
30:26:62_58 160 :

06/01 15:05

powerline
substation
load
generator
storage
no bus
bus L
bus 2

Application domain

F O

Recommendations

67.24 %

AlY >©\ ai4realnet.eu @@
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o 8 pows

@

[=]
=

Scan the QR code
for the video

Fraunhofer



http://www.enershare.eu/
http://www.enershare.eu/

General Al agent Integration scheme )@'\

* The CIEEEE python library could be used for the development of the agent API

e A docker (g ) container should be used for deployment of the Al agent
* All the dependencies should be installed in the docker
* Docker should expose the APl interface

o Recommendations are sent
[ ) back to the interface using a Docker container

template
g User selects a a (Age nt AP|)
critical event ¢

. . . Context Recommendations l==i F
Power Grid A o
Simulator A < - 9
| » ]
S e Send corresponding context
0 Timeline and event to Al agent
000 v v v a python dictionar
[Ehudm ine 5_10_7 _] X ( py V)

Application domain ’%‘ @ @‘ QIEL'A&T aidrealnet.eu @@
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Expert Agent

« Main idea = Exploit the Expert Knowledge to reduce

State with constrained area
{orange) for action space

the action space to most relevant ones and improve

|
the scalability or RL agents | 2525 | Sue rovan,
.. State | o ®--fen] Comstiamed
* Heuristic-based (7 e | | enzre, m
: Q@ G}E -EI‘ Il |I
° - | 11 RL
RL-based @ h Erpert ! o" 0% sgent

« A set of well-known heuristics are combined with RL to

o e o o o o e o = = = = = = = =

select the best topological & generation redispatch

actions e i State, Reward,
and action spaces

- Action
- . . . Reduce the action E_nvirmment aEEIL'It
Submitted as a part of D2.4 in WP4 and integrated in last P

release of AI4REALNET framework D1.4

Application domain % AIL|>$'\ ai4realnet.eu ‘ @@

REALNET



http://www.enershare.eu/
http://www.enershare.eu/

SoftGNN - Overview

evaluation

control

State r--=» | GNN

Hassouna, M. et al. (2026). Learning Topology Actions for Power Grid Control: A Graph-Based Soft-Label
Imitation Learning Approach. In: Dutra, |., et al. Machine Learning and Knowledge Discovery in Databases.
Applied Data Science Track and Demo Track. ECML PKDD 2025

Application domain % AIH)'@\ ai4realnet.eu @@

REALNET

Soft-label Imitation Learning: captures multiple viable actions

-——="9

R el 14

1/3

pacel

Graph Neural Networks (GNNs): encode grid topology & spatial dependencies

Agent framework (SoftGNN): integrates topology reversion, N-1 security

Significant performance gains over expert & state-of-the-art DRL for topology

4 —_ )
Action =
distribution s

\ —

Fraunhofer + UKASSEL
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SoftGNN - Architecture

* Architecture: Graph - GAT layers - pooled
embedding (max) = action distribution >
KLDivLoss()

* SoftGNN Agent

o Activates if max line loading p_max>90%
o GNN predicts action distribution - rank actions

o Validate with simulation = pick first feasible action reducing

overload

Application domain

'

Aﬂ4>e\

REALNET
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A

Max Pooling

[ FNN ]

[

Predicted Action distribution ]

KLDivLoss()

Soft Labels

Fraunhofer + UKASSEL
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SoftGNN - InteractiveAl Integration

Packaged as a Docker container

KPIs type_of the reco and efficiency of the reco

3/3

pacel

Input: the event plus the Grid20p observation from InteractiveAl's context;

Output: one recommendation with title, description, the Grid20p action, and the

Flow: PowerGrid simulator detects an overload and pauses - operator requests

recommendations in InteractiveAl - cab_recommendation calls the agent - the

operator applies the action - the simulator resumes and applies it

Application domain

'

Aﬂ4>¢\

REALNET

ai4realnet.eu @@
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Uncertainty Quantification

Training | Policy rollouts and ENN Runtime | Recommendation scoring API output | InteractiveAl
Grid20p Configured RL Incoming grid observation
environment policy . Recommendation payload
environment/<ENV_NAME> src/agent_runtime.py app/main.py P Title - description - action
l app/main.py
l Policy recommendation
Collect policy behaviour Score the action selected by the policy Y
Observation vector + selected action sre/agent_runtime. py KPis
training/collect_rollouts.py l
l - Vectori Ft’)repar;e ENNI,':'?Ut. | Epistemic uncertainty (%)
Build ENN dataset > ectorize observa |.on vali ée size - scale
Unique aCtiOn VeCtOrS; recommendation_uncertainty.py
label = action Classsrc/enn_data.py l Total uncertainty percentile
l ENN forward pass
. . . . Dirichlet a - strength S - action probabilities
Scale and train gyldentlgl classifier Epistemic vacuity u=K/S Action uncertainty percentile
StandardScaler + Dirichlet evidence network src/enn_nodels. py
training/train_enn. - src/enn_models. l
= = = Uncertainty / confidence level
Calibrate and classify uncertainty attach KPI values low - medium - high

Total percentile + selected-action percentile J
Low / medium / high uncertainty and confidence

recommendation_uncertainty.py

ENN model bundle load matching model
Weights - scaler - metadata - action set J
Percentile calibration reference

POST /api/vi/recommendation

artifacts/.../model/ app/main.py

Real-time processing

Generic module that could be used for all the agents

Pre-saved artifact

AlY >$\ ai4realnet.eu @@

Application domain % REALNET INESC TEC



http://www.enershare.eu/
http://www.enershare.eu/

Al Agent Failure Prediction

Forecast training Classifier training | Contingency simulations Runtime
Grid20p trajectories + policy actions t+12 grid forecast and power flow simulation Observation history + candidate line
train_failure_forecasters.py run_t12_forecast() predict_failure_forecast.py
Forecast input f_eatures o Failure label simulation t+12 forecast and grid simulation
Current state - 1h/:d :1w history - cyclic time = Predicted injections + aleatoric sigma
eatures s
get_features_with_history() Detect failure in the forecasted grid state src/failure_forecast.py

label = 1; otherwise continue l

Training target Disconnect ctndidate line Build 21-column feature row
Next-state load P/Q and generator P - ) . ) -
blackout = 1; otherwise continue Line ID - current/forecast grid statistics
| ‘ Aleatoric means - load/generation ratio
l l Apply configured agent action build feature_rou()
blackout = 1; survival = 0 l
Mean forecaster* Aleatoric forecaster**
Multi-output HGB*** regression Log residual variance Load classifier and metadata
v >
train_mean_forecaster() train_aleatoric_forecaster() . .
| Classifier row: 21 features + binary label FEEFEFERCES A TCEE e, LeEE)
l collect_failure_forecast.py l
oad . l Failure prediction
Forecast model bundle paciorecasters failure_probability = P(class 1)
mean_forecaster.pkl + aleatoric_forecaster.pk Class-balanced HGB failure classifier failure_prediction = probability > threshold

Model + feature schema + decision threshold

predict_from_features()

artifacts/.../failure_forecast/ T e e

Pre-saved artifact Real-time processing same mean and aleatoric forecasters

*Mean forecaster: predicts the expected future grid injections: load active/reactive power and generator active power. Uses multi-output HGB regression, tuned with Optuna.
**Aleatoric forecaster: estimates the data-driven uncertainty around those predictions. Uses multi-output HGB regression trained on the mean model’'s log-transformed squared residuals, converted into standard deviations (o).

*** HGB regression: Histogram Gradient Boosting regression
AlY >$\ aidrealnet.eu @@ INESC TEC
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REALNET

. AI4AREALNET has received funding from European Union’s
b 1; Horizon Europe Research and Innovation programme under
L the Grant Agreement No 101119527 and from the Swiss

State Secretariat for Education, Research and Innovation

Funded by the European Union. Views and opinions expressed are however those of the
author(s) only and do not necessarily reflect those of the European Union. Neither the
European Union nor the granting authority can be held responsible for them.
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