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https://www.youtube.com/watch?v=iQWznvoM6kA

Where we come from...

* Several workshops have been hold including SESAR
Al related projects, to share and harmonise the
work among them (more on this in the Engage 2
presentation)

[0 One topic that has been discussed in them was
“Human Al teaming”

Human Al Teaming

Engage 2

* Today we focus specifically on it, with 4 concrete
examples of SESAR projects exploring how to achieve
good Human Al teaming + an open discussion on the
topic
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SUPPORTED BY 4
What we will talk about sesar

JOINT UNDERTAKING

ATCO Mental States prediction

Validating Al based systems
Tasks allocation

Adaptation strategies

HUMAN Al TEAMING

Automation levels
Explainability

Proactiveness

Transparency Digital assistants

Pilot-ATCO Monitoring
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Lost in translation? sesar

JOINT UNDERTAKING

Al Classification scheme

Al level Function allocated to the system to contribute to Authority of the
the high-level task end user
Level 1A Automation support to information acquisition Full
Human " Automation support to information analysis Full

augmentation

Level 1B " Automation support to decision-making Full
Human

assistance

Level 2A ' | decision and  automatic  action Full
Human-Al implementation

cooperation

Level 2B Supervised | automatic decision and action ' Partial
Human-Al ion

collaboration Increasi ng

Level 3A Safeguarded | automatic decision and action | Limited, aUthONtY Of

Safeguarded implementation upon alerting ~
advanced the machine
automation

Level 3B Non-supervised | automatic decision and action " Not applicable

Advanced Leve!
automation supervised

advanced
automation

EEASA
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Some more introduction..., then we will dive into the projects sesdlr
(promise)

* Introduction and overall considerations from SESAR JU
* Engage 2 introduction

| . W,




THANK YOU
FOR BEING HERE!

Webinar recording link:
https://www.youtube.com/watch?v=iQWznvoM6kA
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https://www.youtube.com/watch?v=iQWznvoM6kA

Engage 2:
the SESAR 3 Knowledge Transfer Network

Micol Biscotto
Human-Al Teaming in Aviation, Webinar
29.10.2025
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Engage 2 serves as a bridge between academia
and industry in the ATM domain.

With the aim to empower
the next generation aviation workforce
in the ever-evolving digital economy,
its mission stands on 4 pillars, the so-called strands of activities:

-

Knowledge Future Skills and Triple helix Education and
Hub (Wiki) ATM Career collaboration Training /
Se S a r4 :‘**: Co-funded by

JOINT UNDERTAKING

the European Union /
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Engage 2 serves as a bridge between academia
and industry in the ATM domain.

With the aim to empower
the next generation aviation workforce
in the ever-evolving digital economy,
its mission stands on 4 pillars, the so-called st

°3€° @d@% 'g‘

Knowledge Future Skills and Triple helix
Hub (Wiki) ATM Career collaboration

- Thematic challenges

- ATM concepts roadmap

- Catalyst funding

sesar’

JOINT UNDERTAKING

Co-funded by
the European Union




Engage 2 Engage 2 support to Al flagship: GOALS

Foster meaningful interaction and knowledge-sharing
between SJU projects working with Al technologies in ATM;

Promote a structured and forward-looking dialogue with
EASA on regulatory needs and frameworks;

Contribute to shaping a common vision and strategy for Al
deployment in ATM, supported by research-driven input.

;***,A Co-funded by
N the European Union
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Engage 2 Al Coordination Meeting — Online, 20 Sept 2024

* Co-organised with S3JU

* Objective of identifying synergies among SESAR-funded projects working on Al and fostering
opportunities for future collaboration

* + 50 participants involved in projects applying Al technologies in aviation

Following a round of pitch presentations, participants were divided into groups and
asked to discuss their projects in relation to four key topics:

Al explainability and transparency
Human-Al teaming

Technical robustness

Al safety assessment

BN~

MAIN RESULTS: Collected insights were used to design the Al Flagship event.

Co-funded by
the European Union
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Engage 2 Al Flagship Event — Rome, 11 Nov 2024

* Co-organised with S3JU

* Objective of deepening collaboration, address implementation challenges, and advance the regulatory
dialogue around Al in ATM

* 68 participants from key SESAR 3 projects, regulatory bodies, and technical experts

The event opened with a presentation by EASA. Then, five SJU3 projects (JARVIS, CODA,
TRUSTY, Al4HyDrop, HUCAN) shared challenges and insights they encountered while
applying EASA’s Al guidelines. Finally, a series of interactive round tables focused on:

Technical Robustness

Al Explainability / Transparency
Human-Al Teaming

Al Certification

W=

Co-funded by
the European Union
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Engage 2 Main results

Technical Robustness

*Two main topics emerged: “Rare Events” and
“Reinforcement Learning”

*Need for common terminology.

Al Explainability and Transparency

* Answers provided by ChatGPT in advance quite in line
with the discussion.

Differences according to the phase of operation, but
also as a function of stakeholder or time.

*Basic definitions are still missing.

sesar’
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Human Al Teaming
*Explainability is a key pre-requisite

*Harmonization required

Al Certification

*Quality and availability of data is key enabler

eLiability is important, already at the level of the
research project (not only in operational systems)



Engage 2

. Opportunities,




Engage 2

MatchMaking App

A way to easily connect with potential opportunities,
like jobs, universities, events, only in the aviation domain.

Wiki
The Engage 2 go-to hub for ATM research.
Explore it on www.wikiengagektn.com

Engage 2 Wiki

Your go-to hub for ATM research

r

»
4~ in collaboration with
S e S a r i " Co-funded by

the European Union @ Global Airspace Radar //
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http://www.wikiengagektn.com/
http://drive.google.com/file/d/1iLJXX8Jg3aH08sI1nzrojREpCbc1qtTg/view

DAILY ROUTINE
A typical day involves inspecting ar

Engage 2 -

Job videos and cards

A set of interactive cards and videos featuring ATM B
job descriptions, required qualifications, average & B

salaries, and inspiring stories from professionals 1 & e
who share what they do and why they love it.

JOB DESCRIPTION

IMPACT ON PRIVAT
CRM t f

sesar
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https://docs.google.com/file/d/1BxnSUqnzxN6IinFGATaIroRsku-livaW/preview

Engage 2
7 '
Opportunities for MSc students ~ Z .\ /

Peer-review on Master's thesis and mentoring on key ATM Lk -

topics is offered by Engage 2 consortium.

Open call available until 6 months before the project's end. —
V4

o

Catalyst fund call

To enhance collaboration between industry and researchers during early concept
development through financial support and access to industrial collaboration.

Next call in December 2025.

sesar’
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Engage 2

Winter/Summer schools

A unique chance to boost your skills, connect with
experts, and explore the future of ATM.
Next Summer school will be in Trieste in 2026.

Hackathons

Engage 2 Hackathon brings together top young talents in
aviation and data science to tackle a real ATM challenge.
The next hackathon will be held in September 2026.

Events & Workshops

Aviation 4 Girls: 10 November 2025, at EUROCONTROL Headquarters in Brussels.
Dissemination Event: 5 December 2025 in Bled.

sesar’
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Engage 2

How can you stay tuned about Engage 27?

Engage 2 Wiki m LinkedIn

TR
\-k




Thank you
for attention!
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JARVIS o

Foundational Al: Human-AlfTeaming « .

Webinar Human-Al Teaming in Aviation —29.10.2025

géEgar‘(‘ REN Co-funded by Presented by: Elena Rankova (DLR) A R\/ |
om0 Ereall the European Union  Authors: Elena Rankova (DLR), Anne Papenfuss (DLR), Rolf Zon (NLR)




JARVIS Outline

* Project Overview

* Human-Al Teaming Activities

* Insights Workshop: Practitioner Challenges

* Small-Scale Study: Explainability and Temporality
* Small-Scale Study: Proactivity

* JARVIS Insights on HAT

Co-funded by
the European Union
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JARVIS Project Overview

AIRBORNE DIGITAL
ASSISTANT

| Enabling path towards = ATC Instruction and Clearances Management

Single Pilot Operations = Flight Strategy Advisement
= Arrival and Runway Predictions

= Conflict Resolution Advisor

= Tactical Opportunities Recommender
= Short Term Forecaster

= Flight Plan Corrector

ISsuReD ©
N

Human-pr TERY

RING

DATA GATHE

‘ APOC Operational Throughput l
C————
= Prediction of aircraft
turnaround process
= Prediction of terminal
passenger flows =

«W .

E @ JEREPE  AIRPORT DIGITAL
= Detection of vehicle TWY incursion 1
= Detection of FODs in the RWY environment - ; ASSISTANT

= Detection of wildlife activities in the RWY environment

AIR TRAFFIC CONTROL

DIGITAL ASSISTANT

4
sesar [ e
LN the European Union

JOINT UNDERTAKING

Development and validation of Al-
based digital assistants for enhancing
ATM operations, combined with cross-
sectional and research activities on
foundational Al topics.

e Airborne digital assistant
 ATC digital assistant
e Airport digital assistant

* Foundational Al activities,
gathering transversal insights and
academic knowledge.




JARVIS Project Overview: Foundational Al

AIRBORNE DIGITAL
ASSISTANT

’ Enabling path towards » ATC Instruction and Clearances Management

Single Pilot Operations « Flight Strategy Advisement °
= Arrival and Runway Predictions = Conflict Resolution Advisor
» Tactical Opportunities Recommender
= Short Term Forecaster
= Flight Plan Corrector
®
®

APOC Operational Throughput

» Prediction of aircraft
turnaround process

» Prediction of terminal
passenger flows

\ APDCID.TC Digital Safety Functionalities p—@ ©
« Detection of vehicle TWY incursion ._' >

= Detection of FODs in the RWY environment
= Detection of wildlife activities in the RWY environment

sesar*
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AIR TRAFFIC CONTROL
DIGITAL ASSISTANT

' AIRPORT DIGITAL
ASSISTANT

Co-funded by
the European Union

Objectives:

Provide guidance through academic
knowledge and experience.

Identify knowledge gaps and
opportunities.

Conduct in-depth literature
research and small-scale studies.
Collect lessons learned,

best practices, standard procedures.

Outcome: A whitepaper on the
topics Human-Al Teaming, Al
Design Assurance, Data Gathering




JARVIS Human-Al Teaming Activities

Literature Research @ Small-Scale Studies

Fill knowledge gaps on topics relevant

* State-of-the-Art HAT in Aviation
« Knowledge Gaps and Opportunities @ for developers and practitioners
* Explainability Temporality (NLR)
* Proactive Interaction Patterns (DLR)
Q * Al Explainability and Transparency
Insights Workshops (Leonardo)

Foundational Al

Human-Al Teaming

* HAT Developer Challenges
* Lessons Learned

Co-funded by
the European Union

sesar’
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JARVIS Insights Workshop: Practitioner Challenges

Insights Workshop:
HAT Practitioner Challenges

“What are your solution’s major
questions, unclarities and concerns
regarding the teaming between your
system and the human operator
currently?”

“Write a minimum of three challenges

regarding the teaming between your

system and the human operator that
your team has reported to you?”

Co-funded by
the European Union
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JARVIS Insights Workshop: Outcomes

Conference Article:
— Human-Al Teaming — Challenges from a
Practitioner’s Perspective (Droogenbroeck et al., 2025):

Insights Workshop:

HAT Practitioner Challenges Unclarity on what differentiates HAT systems from

ordinary Al systems

* What makes a digital assistant a team partner?

* How does teaming manifest itself through features and
behaviors in real-world applications?

Literature Research —

Practitioner challenges not necessarily related to HAT, but
rather to usability, design, and human factors.

* Potential difference between HAT scientific theory vs. the
practise of building Digital Assistants.

* Human-Centered Design, Trust, Interaction, Human
Capabilities, Measurements, and more.

Co-funded by
the European Union

sesar’
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JARVIS Explainability Study

Small-Scale Study: Explainability and Temporality

At what point is offering an explanation most
beneficial in terms of Trust, Workload and
Situational Awareness in Human-Al Teams?

Co-funded by
the European Union

sesar’
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JARVIS Explainability Study: Task

Example of instructions the Al gave

Instruction 4: Grab piece B and place it on top of the
current structure.

+ Instruction 5: Grab one piece F and one piece G and
place them in the centre of piece B, place the side studs
of piece F facing y. (wrong instruction (programmed
error) — another piece F should be inserted with its side
studs facing -y)

T

Use of a Wizard of Oz paradigm. Real time e

oo

T 13 A
The Al was in reality a person monitoring via a 'y ‘ Human and Al built a Lego
camera and sending predefined instructions. LT—'I -

structure. The Al knew
| q 5
l ! | | how, while the human just
a ncorrect

executed.

TR
e

instruction

».
4‘ A priori
sesar [ e

the European Union
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JARVIS Explainability Study: Design

* The impact of explainability temporality on trust, workload, situation awareness.
* Planned trust violation in the form of error made by Al during the LEGO building.
* Between subjects design. Two conditions: a priori explanation of Al versus real time explanation of Al.

PRE-TASK QUESTIONNAIRES TASK + QUESTIONNAIRES POST-TASK QUESTIONNAIRES
*  Trust
* Background ABI trust framework *  Workload
Demographic Questionnaire e Situation Awareness NASA-TLX
General Attitudes Towards Al Scale (GAAIS) . .
General Questions on Familiarity with LEGOs, Crew Awa/rfness Rating Scale ?CARS) \ ° T;eammg ) 51
Al & Questions on Opinions about Al Shape Teamwork Questionnaire (STQ), Inter
Ll?'] m T I;TI Team Collaboration Scale (ITC)

e General Questions

| EI X |_|?_|$l I__sl'_l opinion on Al teammate

| I T 1

Co-funded by
the European Union
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JARVIS Explainability Study: Findings

Trust:

- Trend towards lower trust in a priori, compared to real time, condition, but not statistically significant
« Real-time explanations may aid in trust repair after trust violations

Workload : Significant difference in mental demand: real-time condition increased mental workload
Situation Awareness: No significant effect of condition on situational awareness.

Qualitative:
« Importance of clear communication, conditional trust, and task-dependent usefulness
- Participants were open to working with Al again, but with reservations depending on task stakes.

Conclusions:
We created a structured methodology to study the Human-Al-teaming relationship.

While real-time explainability during a task might contribute to trust repair, it significantly
increases workload. Highlighting an important dilemma in HAT.

sesar’

JOINT UNDERTAKING

Co-funded by
the European Union
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JARVIS Proactivity Study

Small-Scale Study: Proactivity

Which features of human-human teams should be
transferred to Human-Al teams?

How should the interaction between human and Al-
based systems be designed to support team
performance?

Al Co-funded by
i the European Union

sesar’

JOINT UNDERTAKING
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JARVIS Proactivity Study: Background

A lack of an aviation-centered environment for
experimenting with and measuring HAT

_ interaction patterns.

Flight Time Analysis Our approach: Adapting an existing serious game
() for chatbot validation (Zeppenfeld et al., in press)
with the following overall objectives in mind:
| IWAT  ITAKETHERUNWAY  ICANGEL  YOURSTATE? 56 = 2 1 * Reflect real-world environments, but suitable
= — — for non-experts
O )‘ =’>‘ w ) e Generate comparable conditions between

participants.
‘ e Supports objective team performance
measurements.

> > b

Observations:
An adaptation of a serious game for validating chatbot systems (Zeppenfeld et al., in press), « Challenging to predict and avoid variances in the

adjusted to better support testing and measuring HAT interaction patterns. interaction. Reduced interaction and multiple

preliminary tests were needed.
e Challenging to standardize assistant
communication.

4;
Sesa r Co-funded by « Challenging to find balance between

the European Union . . .
JOINT UNDERTAKING overloading and underloadi rticipants. 13




JARVIS Proactivity Study: Task

Main Task: Runway Coordination:

_ e Coordinate the usage of the runway as

efficiently as possible, avoiding crashes, delays

Flight Time Analysis and cancellations.
* The waiting line moves in an interval of 12
(it takeor. seconds => coordination + decision must
‘ 1 WAIT } | TAKE THE RUNWAY} ‘ | CANCEL J { YOUR STATE? ‘ 56 2 1 happen In this interval'
O ) =) W) 0007 Secondary Task: Workload Manipulation

* Simultaneous Subtraction Equations

> > b

‘ Conditions (Proactive Behaviors):
* None
* Rhythm: assistant communicates their state at
the beginning of each round
» Cost/Benefit: assistant communicates every
time their waiting line is full, meaning they have
to cancel. And in case they have a free spot and
4‘ have not communicated their free space the |
Sesa r Co-funded by round.
LN the European Union

JOINT UNDERTAKING
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JARVIS Proactivity Study: Design

Within-subject design: 9 rounds = 3 times x 3 proactivity levels, 33 participants

BRIEFING AND BACKGROUND

QUESTIONNAIRES TRAINING ROUNDS

Demographics, Familiarity, Gaming 4 training rounds to familiarize

Frequency, Technology Affinity, oneself with the tasks and
Al Attitudes (GAAIS), interface.

Attitudes Towards Teamwork

4
sesar [

the European Union
JOINT UNDERTAKING

EXPERIMENT ROUNDS

3 times x 3 proactivity levels

POST-ROUND
QUESTIONNAIRES

Assistant Behavior Perception
(Naturalness, Adaptability,
ASAQ: Performance,
Attentiveness, Intentionality,
User-Agent Alliance),
Proactivity Characteristics
(Yorke-Smith et. al, 2012),
Teaming (ITC), Trust (ABI)

FINAL QUESTION

What adjectives would you use
to define proactive behavior in
digital systems?

(Min 5 adjectives)

15



JARVIS Proactivity Study: Preliminary Findings

Proactive Interaction Patterns:

Proactive interaction might be more suitable for a secondary,
rather than primary tasks — a primary tasks require a constant,
predictable and complete overview of the situation.

Performance x Task x Proactivity: Visible difference in
performance between the two tasks. Subtraction task
potentially too challenging -> decreased motivation and
overfocus on the runway.

Teaming and Assistant Perception: Most Participants didn’t
notice a difference between runs, however some variance in the
answers of their perception of the assistant can be observed.

4
sesar [ e
LN the European Union

JOINT UNDERTAKING

90 4

75

60

45

30 4

15 4

Performance in percent per task and proactivity level.

[ 1]

Runway
Equations

T T T
none rhythm cost-benefit
Proactivity

16



JARVIS Proactivity Study: Preliminary Findings

Proactive Interaction Patterns:

Proactive interaction might be more suitable for a secondary,
rather than primary tasks — a primary tasks require a constant,
predictable and complete overview of the situation.

Performance x Task x Proactivity: Visible difference in
performance between the two tasks. Subtraction task
potentially too challenging -> decreased motivation and
overfocus on the runway.

Teaming and Assistant Perception: Most Participants didn’t
notice a difference between runs, however some variance in the
answers of their perception of the assistant can be observed.

Co-funded by
the European Union
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Conclusion:

The serious game provides a platform for
testing interaction strategies in a controlled
environment, mirroring real-world tasks
and potential Human-Al teams.

Designing comparable tasks and scenarios is

challenging, but iterative improvements and

integrating some interaction limitations help
along the way.

17



JARVIS Insights Summary

* Human-Al Teaming raises many questions: what makes a digital assistant a team partner and how should teaming manifest
through features and behaviors in real-world applications are topics that developers seek more guidance with.

* Small-scale studies are an effective approach to efficiently gain relevant insights, particularly on complex topics such as HAT.

* The design specifics of interactive behaviors can simultaneously influence multiple factors and levels. As demonstrated by
the explainability LEGO experiment, highlighting the complex relationships between trust, workload, and situational awareness.

* Even when participants don't explicitly notice certain interaction behaviors during complex and high-workload tasks, these can
still have effects on them. Such interactions could have behavioral impacts and should be identified and designed carefully.

* Measures for evaluating digital assistant teaming are lacking. The adaptation of existing human-human teaming scales for HAT
should be further studied.

* Interaction patterns, their characteristics and impact on performance, perception, and cognitive states remain relatively

understudied and represent topics that practitioners seek further insights on. This offers an opportunity for research that can
actively support designers and developers.

Further findings from the project will be published in the JARVIS whitepaper next year.

Co-funded by
the European Union
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JARVIS

THANK YOU FOR
YOUR ATTENTION
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RESPONSE

REduced or Single Pilot Operation
iINcapacitation Safety Enhancement
RESPONSE

Safe Return-to-Land Operations in Future Cockpits

Presenters: Carmen Bejarano & Sara Ruano
Human-Al Teaming and Digital Assistants, 29 October 2025
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RESPONSE Project Summary

Project Ambition: Develop an air-to-ground integrated SiPO CONOPS and a pilot cognitive state

monitoring technology enabler to directly support pilots’ incapacitation transition monitoring
and enhance safe return to land operations (TRL2).

m Deliver a pilot incapacitation transition monitoring technology enabler to 4
detect pilot incapacitation with functional near-infrared spectroscopy (fNIRS) DLR

and electroencephalography (EEG) sensors and an eye-tracking camera system.

338 ~~

SUPAERO

Rl
Q9 *) deepblue
o

m Deliver a Safe Return to Land CONOPS introducing the role of air-to-ground
digital assistants and minimizing the required changes from DPO to SiPO, CRIDA
including dealing with a pilot incapacitation in the flight deck. .

J .
% Collins Aerospace

AnRTX Business

sesar’
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RESPONSE Scope & Motivation

 Safe return to land CONOPS in in abnormal and emergency operations

* Pilot state monitoring technologies

Switch points from DPO to SiPO, Formalizing the R&R of pilots, digital assistants, AOCC and ATCO
Introduce the role of digital assistants in the air-to-ground integration

Update CRM as needed

Propose updated HAT frameworks for pilots — airborne DA and ATCO — ATC DA

[ Pilot incapacitation
v transition monitoring @]
— dl b
Mapping of pilot Safe return to land (VY™
incapacitation states air-to-ground ATCO digital
i ; A into CONOPS integrated CONOPS assistant
HAT Framework for I HAT Framework for
tasks delegation tasks delegation
Pilot-Assistant ATCO-Assistant
;r; )
Pilot digital ATCO

assistant

Co-funded by
the European Union
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RESPONSE CONOPS Framework for DAs introduction

CONOPS #1

Current operations (baseline) ® CO N O PS 9 Tra n S itio n Of

System Failure or Pilot Incapacitation

L J soreretumtoandnectes operational environments from
DPO to SiPO

i Dual Pilot Operations .

coNoPs 2 (m) ez A  Each CONOPS is enabler for the
SZ?e‘t-‘rr;curar; l'-cjcrlelarlledencesded n eXt
Dual Pilot Operations e e .

CONOPS #3 Pilot Incaparitated :::: ::f;:‘a':::ti:;a"t ¢ M NI m u M C h an g es req Ul red fO r
Safe return to land needed t ra n S|t | O n S

S m) pe iy * Assistant will offer different support
System failure . . .
Safereturn toland needed based on situation — dynamic task

. Si{;ﬁlz _Pfltof Opéretltioss d | | O Cat | on
8 . A SR —— WI Igl dl assistan . L. . .
RO =D Pictncapaciated » Definition of representative scenarios

* GDTA

Co-funded by

the European Union
JOINT UNDERTAKING
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RESPONSE DA automation levels defined

Automation
revels 5 Ai.rcraft—maximumr(.equired : ° AUtomation IeVEI increase With CONOPS
Aircraft—minimumused . . . . oo oo o LoD oo oo oo .
ac | evolution
4 . .
B S B 5 5 6 6 0 6 0 0 0000 0Ff6 0666066 |[0000000 5 8 ®

Support focused in keeping pilot in the
3. [ .. [ — I loop (SA)

e | + Automation used can be below
. maximum level required by the CONOPS
O ............................................... . Different roles / behaviours expected

»  for pilot and ATCO assistants

CONOPS #1 CONOPS #2 CONOPS #3 | CONOPS #4 CONOPS #5
DPO SiPO

AL as defined in SESAR Automation in ATM Roadmap 2020

Co-funded by
the European Union
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RESPONSE Pilot Digital Assistant - Overview

) ) Pilot state mapping ° 1
Physiological - Type of incapacitation: Reduce pIIOt Workload
e CEELEACHCE * Track pilot health and cognition
- Degree of incapacitation: . .
Pilot state ) partial / total... * Enhance air-to-ground effectiveness
monitoring | e Summarize info and boost analysis

Task sharing
Pilot DA

~

* Support SA reattainment

* Get pilot up to speed
<€ { Aircraft * Indicate priority items

Airborne Team

)

Pilot - PDA — ATCO - ADA
messages

* Replace incapacitated Pilot
* Near/Full-autonomous operation

Air-ground
communication
service

SESEIF

JOINT UNDERTAKING

- Avionics inputs
- Aircraft status / flight

parameters

[ ATC Team }

Co-funded by
the European Union

RESPONSE Consortium Proprietary — This presentation does not contain any technical data



RESPONSE Pilot Digital Assistant — Scenarios for tasks analysis

* DA to support operation in case of

system failure:
Engine failure

Fire

Electrical failure
Hydraulic failure
Pressurization failure
Fuel system failure

C#2 DPO
C#4 SiPO

* DA to support remaining pilot in case of
incapacitation (mild, moderate, severe):

Fatigue

* Cognitive Impairment
* Physiological Distress
* Motor Impairment

sesar’

JOINT UNDERTAKING

Co-funded by
the European Union

C#3 DPO

o)

/AL 0-2: Focus on improving SA and reducing human error.
Support with information acquisition and exchange and

\implementation of some actions delegated by the pilots

/AL 3-4: Focus on monitoring and support implementing
directed, supervised and/or safeguarded actions. Pilot remains

\responsible for primary / critical tasks and decisions

AL 2-3: DA adapts based on pilot state, assistant implements
actions to support remaining pilot after initial approval or in
predefined conditions, maintaining human oversight

AL 4-5: DA able to perform all the tasks to return to land in case h
of total incapacitation, pilot maintains overriding authority
when capable. Response thresholds are lower than in C#3

RESPONSE Consortium Proprietary — This presentation does not contain any technical data



RESPONSE Pilot Digital Assistant — Tasks allocation

- Pilot is kept in the loop
- DA performs at minimum AL required by the operation

—> DA indicates what it’s doing and when C?S

|
- Pilot is always able to override assistant’s actions (except if incapacitated) CHA
A

[
CH3
CJI;T’Z , : \

_ AL < ALl w AL W AL3 @ @ /s
Information Recognition and Communication Automated Automated Autonomous
gathering and assessment support procedural recognition and decision making
SA support Monitoring and Execution of execution classification Autonomous
Procedural advisory delegated Automated action Automated action
guidance Elaboration of actions implementation monitoring and implementation

and management of all tasks

recommendations dati
recommendations Automated

¥; communication
S e S a r Bl Co-funded by Autonomous action
LN the European Union

JOINT UNDERTAKING implementation
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RESPONSE ATCO DA - Overview

- Type of incapacitation:
reversible / not reversible...
- Degree of incapacitation:

Pilot state W partial / total...
monitoring |

Physiological
measures

~

a J
Task sharing

Airborne Team

) Air-ground o
Pilot - PDA — ATCO -ADA communication - Avionics inputs

messages service - Aircraft status / flight
parameters

ATC Team

‘ Let’s look into the ground side...
Sesar . Co-funded by

the European Union
JOINT UNDERTAKING
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RESPONSE ATCO Digital Assistant - Overview

[ TECH EMERGENCY J [F’ILOT INCAPACITATION J
AIRCRAFT IN SAFE RETURN TO LAND SITUATION ° RE|eva nt |nf0rmat|0n
dynamically suggested to the
Vnessages ATCo depending on the
emergency context.
a @ ATC System\ sency
4 ATCo Team ) * Dynamic Situations

manzzsetnent ANSOP tional d 1 Outcome to ATCO
> [ ATC DA ]7 - Operational procedures

- Airspace characteristics N LISt Of Suggested taSkS

e Relevant information for
emergency handling

e Automation on certain tasks

Data from
Flights in Aol

Co-funded by
the European Union

sesar’
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RESPONSE ATCO DA - Overview

[ TECH EMERGENCY J [F‘ILOT INCAPACITATION J

AIRCRAFT IN SAFE RETURN TO LAND SITUATION

Voice/Datalink

messages
<, ATCsystem)
4 ATCo Team
management - Operational procedures
> [ ATC DA - Airspace characteristics

Data from
Flights in Aol

4
sesar [ e

the European Union
JOINT UNDERTAKING
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RESPONSE ATCO DA — Task Analysis En-Route Sectors

* Emergency acknowledgement and situation assessment

 Notification to all units (supervisor, other sectors/ACC, emergency services,
airport, tower, airline)

* Flight intent processing

* Alternative airport constraint detection and negotiation
* Conflict detection & resolution

* Frequency assignment

Al Co-funded by
L the European Union

sesar’

JOINT UNDERTAKING
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RESPONSE ATCO DA - First Look at the Prototype

* LLM-based prototype
* Linked to ATC simulator and PDA
* Dynamic Interface

CRIDA - Ground Digital Assistant

Co-funded by
the European Union

sesar’

JOINT UNDERTAKING

RESPONSE Consortium Proprietary — This presentation does not contain any technical data



RESPONSE ATCO DA - First Look at the Prototype

* LLM-based prototype
* Linked to ATC simulator and PDA
* Dynamic Interface

Co-funded by
the European Union

sesar’
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RESPONSE What's next?

* Refine concept — IAB feedback

Prototype proof of concept for
assistants

Integrate prototypes in CRIDA

simulators

 Validate concepts — Demo exercise
March 2026 (TRL2)

Co-funded by
the European Union

sesar’
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RESPONSE

THANK YOU FOR
YOUR ATTENTION

https://www.linkedin.com/company/responsesesar

)(~ https://www.sesarju.eu/projects/RESPONSE
Se€sar e e sesa e o

the European Union https://research.dblue.it/response
JOINT UNDERTAKING 16

This project has received funding from the SESAR 3 Joint Undertaking un-der grant agreement No. 101166998 under European Union’s Horizon Europe research and in-novation programme.



Terminal Airspace
Digital Assistant (TADA)

Ana Ferreira and Ginevra Fedrizzi (Deep Blue)

Human-Al Teaming in aviation webinar
29 October 2025

:***: Co-funded by
*.«* | the European Union




T A D A Terminal Airspace s
Digital Assistant v

AlM

* Develop an Al-based digital 4
assistant that supports air
traffic controllers in
decision-making in TMAs.

 Enhance predictability,
efficiency, and
sustainability in terminal

airspace operations. g —INGENA\ " 0 deepblue
0\%

Duration: 2024-2027

I

V' A \ \

Hﬁ
fi
Il
il



TADA

DLH779 -863 M PEXUG 87

FIN389 +01 M ASTIG 79

DLH535 -81 M EVRIP 84
FIN368 -062 M EVRIP 81

SAS125 -83 M ASTIG 64

DLH226 -083 M ASTIG 64

3 DLH172 +606 M MC685 50
SAS176 +00 M EVGIR 42

FIN534 +00 M MC761 24

sesar’
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OVERVIEW

dynamically receives sequence and TTG/TTL
information from AMAN (Arrival manager).

uses algorithms (augmented historical ATCO data)
to generate a 4D proposed trajectory (4DPT) for
each inbound flight.

supports ATCOs in meeting the 4DPT by showing
the trajectory and the necessary ATC instructions.

MXP
08:07:14

Co-funded by
the European Union

Where and when

in Terminal Airspace with moderate to heavy
traffic density and operational complexity.

from the moment flights enter the TMA until they
initiate their final approach.




TADA APPROACH TO DEFINE HAT REQUIREMENTS
A

©

- N\
SN

\=|/= =N
@___/

>
g &@ Real time simulation
= - April 2026
§ GC_DD Low fidelity simulation
b Gc_)D focusing on HMI Design
% — —
Q ojg|o Online HMI requirement and November 2025
3 0|0 _ mockup review
Workshop with ATCOs to
define the HAT and HMI June 2025
Consortium workshop requirements
including ATCOs to define the
assistant concept January 2025
October 2024

Project maturity

Co-funded by
the European Union

sesar’
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TADA Terminal Area Assistant Target Role

Tasks of the Approach ATCO

Approach ATCO (APP ATCO): executive e takes AMAN sequence and TTL/TTG
role that issues clearances and instructions for each flight
to flights.

e decides whether to follow the published

arrival procedure (e.g. the trombone or
Sequence Manager (SM): manages and PMS)

coordinates the arrival sequence for each airport.

e interrupts it to gain or lose time, or
deviate from it to maintain separation
from other traffic in the airspace.

Co-funded by
the European Union

sesar’
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TADA EVOLUTION OF HUMAN ROLES IN ATM

COMMERCIAL AIR TRANSPORT I
ATM & UTM | THE EVOLUTION OF HUMAN ROLES : \
—————————————— 2025 2030 2035 2040 = 2050
SEGREGATED AIRSPACES |  SEGREGATED AIRSPACES | FULL DIGITISATION ; INTEGRATED AIRSPACE

WITH CURRENT ROLES ! WITH TRANSITIONAL ROLES ! & SHIFT TOWARDS i &CONSOLIDATION OF HUMAN-AI
i i INTEGRATED AIRSPACE WITH | TEAMING WITH NEW ROLES
NEW ROLES i

EN-ROUTE
ATCO ;
APPROACH ;
ATCO ;
£, NETWORK
MANAGER

AIR TRAFFIC |

MANAGER

MULTI-SECT. |

PLANNER |
&=, TOWER

ATCO

&) TOWEROPS |
" MANAGER

€ prRONE ;
& PILOT l

S SITE :
INSPECTOR |

@DRONE

=) FLEET MGR |

)

) AIRSPACE
MANAGER

..............................................................................................................................................................

KEY M Existing roles [ New future roles

Figure source: Haiku Project

Co-funded by
the European Union
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From 2035
En-route + Approach ATCOs

« monitoring nominal
operations and manage
non-nominal operations and
emergencies for both ATM
and UTM traffic, aided by Al in
tactical and strategic
deconfliction.

« APP ATCO will have a more
supervisory and strategic role.


https://haikuproject.eu/deliverables/

TADA Terminal Area Assistant Concept

ATCO SUPPORT NEEDS

« To build a good sequence;

« To manage traffic in the most efficient and safe way possible.

« Sequence, speed and relative distances monitoring.

« To deal with meteorological events in the managed airspace:

» Consider efficiency constraints, CO2 emissions and noise level,

» Consider airspace restrictions;

« Maintain an optimal workload and engagement level to deal with unexpected
events.

Co-funded by
the European Union

sesar’
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TA DA Terminal Area Assistant Concept

Level of Automation

ATCOs will be supported up to a Level 1-
corresponding to EASA 2A level. Full
authority must be kept in terms of decision of
action to be implemented.

EASA Al level 1B — Human assistance

Dynamic trajectory optimization: suggest
trajectories that optimize sequencing while
considering aircraft trajectory, profiles and
speeds, ensuring alignment with the
appropriate sequence of arrivals.

PERCEPTION ANALYSIS DECISION EXECUTION Authority of
EASA Information nformati Decision and Action the human
DEFINITION Al level acquisition actlon selection implementation operator
and exchange

LEVELO

LOW AUTOMATION

Automation gathers and exchanges data. It analyses and
prepares all available information for the human operator.
The human operator takes all decisions and implements
them (with or without execution support).

FULL

LEVEL1
DECISION SUPPORT

sesar’

JOINT UNDERTAKING

Co-funded by
the European Union

ion supports the human operator in action selection
by providing a solution space and/or multiple options.
The human operator implements the actions (with or without

hetXecution support).

o e ©

FULL

LEVEL 2
RESOLUTION SUPPORT

the optimal solution in the solution
space.
The human op lid the optimal or comes

up with a different solution.

Automation implements the actions when due and if safe.
Automation acts under direction.

LEVEL 3

CONDITIONAL AUTOMATION

Automation selects the optimal solution and implements
the respective actions when due and if safe.

The human operator supervises automation and overrides
or improves decisions that are not deemed appropriate.

Automation acts under human supervision.

LEVEL4

CONFINED AUTOMATION

Automation takes all decisions and implements all actions
silently within the confines of a predefined scope.
Automation requests the human operator to supervise its
operation if outside the predefined scope.

Any human intervention results in a reversion to Level 3.
Automation acts under human safeguarding.

o e © o o ©

FULL

PARTIAL

O 6 6 6 o @

LIMITED

/,/ 8



TADA  HMIREQUIREMENTS TO DESIGN

TADA will display the instructions to be followed by the Approach ATCO on the flight labels.
Three levels of display are envisaged:

0 On-demand display of the OFF 4DPT
full 4DPT of the flight +00 33 NM
1 e MC761 - INLER
N 83 60 N" KL \\I‘EF EiS\F i & “‘;@w’ M;“:‘EYL il ‘,‘. TrE : 93 : 46
] i ] ASTIG -> INLER e e ISSUE
0 Display of the instructions TTE: 02:31 - WAL
i S O FIN534 B ALERT
to be issued ISSUE A Lh o
DLH226 ol M ' F164
. T ASTIG % & Meise Wb TS
0 Alert for flight deviations F180
from the 4DPT'’s tolerance

envelope.

Co-funded by
the European Union

sesar’
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TADA  HMIREQUIREMENTS TO DESIGN

Explainable Al and Teamwork

ATCO will have a limited time to
consider and accept/reject the
proposal.

O
Qe

3y
ATCO will receive a single proposal to
= ©) | meet the TTL/TTG

Explainability is the way that ATCO can
build trust in the digital assistant — to
support this level of operation the
explainability module will need to be built
to support training and
post-operational phases (debriefings).

ATCO need to have a good
understanding of the proposal being ,
made (either trajectory; speed or level)
and how it is generated.

Co-funded by
the European Union

sesar
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TADA

Expected benefits

Decision-making

Advisory

Workload

Safety

Decision support in
aircraft trajectory
optimization and
sequence
maintenance.

Non-adherence advisory
in case of overlooked
aspects during their
tasks (instructions).

Better workload
management thanks to
the suggestions to
implement AMAN
sequencing.

TADA learning
assurance.

TADA calculation shall
propose only conflict-
free trajectories.

sesar’

JOINT UNDERTAKING

Co-funded by
the European Union
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TADA Possible drawbacks

« Continuous training
« Procedures

Complacency

« HMI Design and test with users
« Procedures

Information overload

« Continuous training
 Periods of work without system

Co-funded by /

the European Union //’/ 12

Skills degradation

sesar’
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TADA

THANK YOU FOR
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Predictive Adaptable Systems to
improve Human-Al Teaming

Anna Vicario, Deep Blue

On Line - Human-Al Teaming in Aviation - Developing the next
generation of EU Digital Assistants

»
SUPPORTED BY 4;

Sesa r +"*. | Co-funded by the

European Union
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SUPPORTED BY 4
Agenda sesar

JOINT UNDERTAKING

= Description of CODA DA concept, outlining its
objectives, and architecture

= Explanation of the methodology used to derive
Human-Al Teaming (HAT) requirements

= Description of the final validation exercises

= Summary of key outcomes, validation results, user
feedback, and lessons for future adaptive Al
assistant development in ATM.

Maturity Gate — CODA Project — SESAR Solution 0447 — TRL2 | 2
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The CODA Solution



Adaptable Systems to improve Human Al Teaming

e
©
-
o
=
Z
o
=

HMPE
INDEXES:

oeijl

ATCO Cognitive ATCO Task
PREDICTION Model PREDICTION Model

11111

Traffic and Flows

PREDICTION

>
SUPPORTED BY 4;
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CODA is a SESAR exploratory research project

The goal is to strengthen collaboration between Air
Traffic Controllers and Artificial Intelligence systems

HOW DOES CODA WORKS?
The system proposes the delegation of certain
aircraft to the Al, considering several factors:

* The current and predicted traffic

* The controller’s mental state (workload, fatigue,
stress, and vigilance)

* The current and upcoming control tasks.




En-route use case, multiple other applications

The CODA system

o ————————————————

Adaptation
Prediction strategy:
Of: Too high? deCide

Workload ——— which
Too low?

actions are
needed to
go back to
safe levels

Stress
Fatigue
Attention

\

e e - - e - e e e . e e e e - —

ONE@TO RULE THEM ALL

It has to be emphasised that the CODA system is not a tool per se. It
is a technological enabler, to be integrated into ATM systems (not
limited to en-route CWPs), providing adaptation capabilities.

The Al tools/Digital assistants that are expected to be activated by
the adaptation strategy are out of the scope of the project.
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CODA Approach to Human
Al Teaming
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“A” definition for Human — Al Teaming

__________________________________________________________________
—————

~
~
~
~
—
~
~
e

+
vV
V
v
,
'I

O,

[

Operators' mental Interaction

states v \ interaction J \ results J
\\\_ \\\_ \\

___________________________________________________________________________________________

1
1
!:P ] !
1
Neurophysiological g\véw AD-HOC 'g\\%“(‘ T System logs !
ind «© questionnaires & ' H Machi
indexes o ! uman achine
1

. V\.loirkload e Trust * Trajectories . Performance
. Vlg.llance * Acceptance e Safety ! Envelope INDEX
* Fatigue * Explainability/transparency * Number of |
e Stress * Situation Awareness interactions/clearances X
:
1



CODA system validation I
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Concept, prediction modules and finals system validation

EXE3: Final Human in the Loop simulation

. B

Human-in-the-Loop Simulation

e When: 17-20 March 2025 Key POIi"FS= . |
e Where: CRIDA premises at Universidad Real-time ops with AT supervisor

Politécnica de Madrid : gggicwp for(ljcl)cf)lt.hhrole; i bef
;. Who: 4 ATCOs (IFATCA Al supervicor confitmed assignments.
* Objective: Validate CODA system )
. y e ATCO saw Al flights 2 min before entry
* Yellow circle marked Al flights
* ATCO could reassign if needed
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Final Validation, data collection

EXE3: Final Human in the Loop simulation

Objective assesment of Workload, Stress, At the end of each run: questions about teaming quality

Fatigue, Vigilance At the end of the sim.: questions on overall impact on ATCO Job

: Electroencephalography (EEG): brain
| electrical activity

* Hearth Rate & Hearth Variation Rate: Open discussion. Useful to get information to make
heart beating activity sense of our results

- Galvanic Skin Response (GSR): electrical Performance measures
skin activity 7+ Radar tracks b

* Flight plans

[
l
l
i * Control events :
; !
: !
: !
!

« Radio communication

|
To get a measurement of the overall performance in
terms of traffic management and safety
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High level results
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HITL Validation Final results (1)

[

Human
Performance

]

A generally positive impact on ATCO performance

Improved vigilance and situation awareness, reduced stress and fatigue

Not significant change in mental workload (due to learnability curve plus a
need for monitoring Al-managed aircraft)

Relatively clear responsibilities and tasks as well as new procedures for ATCOs
CODA’s task allocation was reported to be logical and efficient

The HMI was relatively supportive but there's still room for improvements

The HMPE framework proved to be a strong indicator of controller-Al
collaboration, showing that CODA consistently maintained balanced workload,
sustained performance, and positive teaming without compromising safety or

trust.
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HITL Validation Final results (2)

* CODA maintained safety in normal conditions and measurably
reduced conflicts during peak traffic
» CODA delivered slight improvements in operational efficiency

 No measurable improvement in cost efficiency was observed

* No measurable impact on en-route throughput was observed, CODA
_— : : : OTHER
will likely enable an increase in capacity




The Next Step in Human-Al Teaming Research

CODA

HMPE

Previous projects

HPE

Vigilance

WL SA

Stress Fatigue

Operators' mental
states

Vigilance

Stre @Fatlgue

Operators' mental
states

Teaming
indicators

v

Team
performance

SUPPORTED BY
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Future research

TMPE

Vigilance

Stre @Fatlgue

Operators' mental
states

Teaming
indicators

v

Team
performance




Thank you!
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Let’s stay connected!

JARVIS | LinkedIn | Website

CODA | LinkedIn | Website

TADA | LinkedIn | Website

RESPONSE | LinkedIn | Website

Engage 2 | LinkedIn | Website

Deep Blue | LinkedIn | Website

sesar g

the European Union
JOINT UNDERTAKING



https://www.linkedin.com/company/jarvisproject/
https://research.dblue.it/jarvis/
https://www.linkedin.com/company/coda-atc/
http://coda-sesar.eu/
https://www.linkedin.com/company/tada-terminal-airspace-digital-assistant/
https://research.dblue.it/tada/
https://www.linkedin.com/company/responsesesar/
https://research.dblue.it/response/
https://www.linkedin.com/company/engage-2
https://engagektn.eu/
https://www.linkedin.com/company/deepbluesrl
https://dblue.it/en/
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