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Abstract:

The HAIKU project aims to generate knowledge on intelligent assistants, and to develop
AI-enabled prototypes for six aviation-related Use Cases (UCs):

● Use Case #1 – Flight Deck Startle Response
● Use Case #2 – Flight Deck Route Planning/Replanning
● Use Case #3 – Urban Air Mobility
● Use Case #4 – Digital and Remote Tower
● Use Case #5 – Airport Safety Watch
● Use Case #6 – Airport Spreading Virus Prevention

This document provides results from first validation of WP6 in the HAIKU project – D6.2: First
validation report and demonstrator. Based primarily on the European Operational Concept
Validation Methodology (E-OCVM), the document provides validation studies descriptions and
preliminary project results for each use case.
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VAL1 First Validation
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1. Executive Summary
The HAIKU project aims to pave the way for human-centric Intelligent Assistants (IAs) in the
aviation domain by developing AI enabled prototypes for six aviation-related Use Cases (UCs):

● Use Case #1 – Flight Deck Startle Response

● Use Case #2 – Flight Deck Route Planning/Replanning

● Use Case #3 – Urban Air Mobility

● Use Case #4 – Digital and Remote Tower

● Use Case #5 – Airport Safety Watch

● Use Case #6 – Airport Spreading Virus Prevention

The goal of WP6 is twofold: to assess whether the project and the IA prototypes are proceeding
in the right direction, and to assess the final IA prototypes by providing empirical evidence on
their operational benefits. D6.2 First validation report and demonstrator provide the first
insights on the design and the evaluation of IAs for aviation safety.

Following up D.6.1, D6.2 is generally based on EUROCONTROL’s European Operational Concept
Validation Methodology (E-OCVM). However, the six use cases are diverse in terms of domains,
needs, end users, implementations, and level of automation. Consequently, the actual evaluation
goals, methods, data collection techniques, and metrics vary according to the goals of each use
case.
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● Section 9: References

2.3 TRL objectives

The Table 2 below provides an overview of each use case TRL objective and its current TRL.

Table 2. Use cases TRL overview

Function
ID

Use Case Brief Description of Available Digital
Assistant or Interface Element

Current
TRL

Target TRL

1.1 #1 Startle effect detection 3 4
1.2 #1 Situation awareness augmentation 3 4
1.3 #1 Stress regulation support 3 4
2.1 #2 Communication of high intention for AI

reroute planning and alternate choice
3 6

3.1 #3 AI underlying the UAM Intelligent
assistant DUC

1 1

3.2 #3 HMI - Interactive touch-based interface
and traffic visualisation tool (UTM City)
and IA interface.

3 4

3.3 #3 System and convolutional neural
networks for image recognition to
monitor and process object movement
(SOMA-AI) and overlay functionality

3 3

3.4 #3 XAI UI – Storytelling explainer for
explaining how intelligent assistant
works

1 3

4.1 #4 Service for computing Estimated Time of
Arrival and initial trajectory points

3 6

4.2 #4 Optimisation Algorithm to output
sequence

4 6

4.3 #4 Explainability for sequence changes 2 6

4.4 #4 HMI - Electronic flight strips and strip
board management

3 6

4.5 #4 System’s sequence mode (reduced and
normal modes)

2 6

5.1 #5 Interactive visualisations to communicate
the ML/DL results

3 5

6.1 #6 HMI for Android Application and indoor
air quality tool

2 5

6.2 #6 Routing algorithm 2 5

6.3 #6 XAI using SHAP 3 5

6.4 #6 XAI using CLT 1 5

6.5 #6 Wireless Camera and indoor air quality
prototypes

3 5

6.6 #6 ML algorithms for classification 3 5
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For each UC, more details on the rationale for current and target TRLs are included in the
respective sections (section named UC#n TRL).

2.4 Validation 1 Progress and Demonstrators

The first iteration of validation activities include a data collection and analysis to assess the IA
prototypes with target stakeholders or end users in each use case. All use cases have completed
their experimental evaluations. The table below shows when in time, and with how many
stakeholders, the different use cases conducted their experiments.

Table 3. Use Case experiment schedule and recruited participants

Use case Experiment dates Stakeholder and nr. of participants

#1 28.11.2023 - 06.12.2023 5 Commercial Airline Pilots
#2 15.11.2023 - 26.11.2023 6 Commercial Airline Pilots
#3 29.01.2024 - 02.02.2024 8 Air Traffic Controllers
#4 16.01.2024 - 24.01.2024 8 Air Traffic Controllers

#5 27.02.2024 - 01.03.2024 LLA (3), WIZZAIR (1), NATS (2)

#6 26.01.2024 - 28.02.2024 Injected data simulation, internal validation,
small scale staff operation
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3. Use Case #1 – Flight Deck Startle Response

3.1 First Validation (VAL1) Plan Summary

In Use Case #1, the main goal is to design and evaluate an IA capable of supporting pilots
recovering from the startle and surprise effect. This is done by regulating stress and maintaining
or raising the pilots’ situation awareness level.

The objectives of the first validation were to collect data to assess the key R&D objectives defined
in D6.1.

Table 4. UC#1 key R&D objectives from D6.1.

OBJ-ID Validation Objective

UC1-OBJ-01
To assess the operational relevance of the solution from the CAT (Commercial
Air Transport) pilots’ perspective in SPO (Single pilot Operations).

UC1-OBJ-02
To assess the acceptability of the solution from the CAT pilots perspective in
SPO.

UC1-OBJ-03
To assess the feasibility and integration of the solution in a relevant
operational environment.

UC1-OBJ-04
To assess the effectiveness and efficiency of the assistant support in a relevant
operational environment.

UC1-OBJ-05 To assess the generalisation of the solution to multiple different scenarios.

The design of the IA startle recovery features was guided by the performance targets defined in
D6.1, which are reminded in Table 5 below.

Table 5. UC#1 performance targets

KPA Category KPI

Pilot startle and/or surprise
physiological recovery (partial
incapacitation)

MoE/MoP
Recovery rapidity, recovery rate. Pilot
acceptance, pilot performance on the
operational task.

Pilot situation awareness
sustainability/recovery

MoE/MoP

Subjective situation awareness assessment,
pilot performance on the operational task.
Rapidity to come back to a “normal” scan path.
“Normal” scan path recovery rate.

The European Union Aviation Safety Agency (EASA) provides guidance on Human-AI Teaming
(HAT) with six categories describing Human-AI partnerships. UC1 Intelligent Assistant, named
FOCUS, aims at providing support for the following categories:

● 1B – Cognitive assistant, equivalent to decision support system
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● 2A – Cooperative agent, able to complete tasks as demanded by the operator

3.2 Deviation from Deliverable 6.1

In the deliverable D6.1, three exercise scenarios were proposed: lightning strike on final
approach, shifting cargo at take-off, overspeed upon windshear occurrence in climb. Due to
ENAC’s A320 simulator technical limitations the scenario 3 (windshear) could not be
implemented.

3.3 Assistant Features

Three support functions are currently integrated to the IA in UC1: a startle and surprise
detection module; a stress regulation support feature; and a situation awareness support feature.
In addition, an assistant monitor and a control panel is provided on the pilot’s electronic flight
bag (EFB). The complete architecture and design rationale of FOCUS are provided in the
deliverable D4.4.

Startle and surprise detection module

The role of the startle and surprise detection module is to monitor the pilot’s physiological data
and eye gaze behaviour to identify any situation of startle and/or surprise. Upon startle
detection, the assistant notifies the pilot that it will start recovery procedures by displaying an
image on the primary flight display (PFD) and ECAM for 500 milliseconds. Then it performs
stress regulation support first, and situation awareness support next. In the case where only
surprise is detected, the assistant performs situation awareness support only. The auto-recovery
can be cancelled by the pilots within 5 seconds after startle detection.

Currently, the system is not yet capable to detect startle and surprise states accurately. The
detection of such events was simulated for VAL1. However, the startle and surprise detection
module is being developed and refined in parallel. The physiological and behavioural data
collected during VAL1 will support the improvement of the models for detecting startle and
surprise in the cockpit.

Stress regulation support

The assistant can limit the negative effects of acute stress experienced by the pilot following two
approaches.

The effect of deep breathing on stress has been extensively demonstrated (Perciavalle et al.,
2017). Breathing can be slowed down to a constant rate to increase relaxation and reduce stress
levels (Schlatter et al., 2022). However, reaching an optimal breathing pace requires
self-awareness and control. Therefore, the assistant will help pilots to reach cardiac coherence, a
state where the heart rate variability is better controlled, to reduce the effect of stress. To guide
pilot’s deep breathing, a green halo visual effect on the PFD and a green ambient light in the
cockpit are used (Figure 1). While as the light intensity on the PFD and in the cockpit increases,
the pilot breathes in, as the light intensity decreases, the pilot breathes out. This procedure is
based on the Heart-Focus Breathing technique that is a common step to increase cardiac
coherence where each breathing cycle lasts for 10 seconds (McCraty & Zayas, 2014).

13



Deliverable D6.2 | First validation report and demonstrator

Version 2.0

Research has shown that constant low heart rate feedback can significantly reduce anxiety (Sun
et al., 2023). Experiencing tactile feedback with a simulated heartbeat at 60 beats per minute can
reduce perceived anxiety (Costa et al., 2016) and heart rate after some physical efforts (Choi &
Ishii, 2020). The second approach to limit the effect of stress is to provide pilots with vibrotactile
feedback. The pilot is equipped with a device on the wrist, which provides a simulated heartbeat
through vibration every second, i.e. 60 beats per minute, when the stress regulation support is
active. It is worth noting that any wrist-worn vibrating device such as common smart watches
could be used for this type of stress regulation intervention.

Figure 1. Deep breathing guiding light in the cockpit

Situation awareness support

The situation awareness support ensures pilots update their awareness of the aircraft status.
When the support is active, the assistant highlights the instruments on the PFD that need to be
checked. When highlighted, the instrument is wrapped with a coloured rectangular box. As the
pilot glances at the instrument, the highlight disappears. The assistant uses pilots' gaze tracking
data and flight parameters to assess the urgency of the flight parameter update. Two levels of
urgency are communicated: amber as a warning if the instrument has not been checked recently,
red as an alert if the instrument needs to be checked immediately (Figure 2).

Figure 2. Situation awareness support and alert levels.
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These levels are represented by two distinct designs on the PFD, the navigation display (ND), and
the electronic centralised aircraft monitor (ECAM) (Figure 3). In order to estimate the pilot’s
situation awareness (SA), eye tracking data are used to analyse its visual path and a situation
awareness score is calculated. The SA score for each aircraft parameter is degraded as a function
of time since last viewed by the pilot, it will also be changed if the parameter changed
significantly according to the flight phase since last viewed. For each parameter, according to the
flight phase, a min/max threshold has been set following interviews with commercial pilots. The
eye tracking system helps FOCUS to know whenever a parameter has been seen. More details on
the SA score computation can be found in the deliverable D4.4.

Figure 3. Locations of situation awareness support displays

Assistant monitor and control

The assistant support functions can be controlled using an application from the pilots’ EFB
placed on the window side of the piloting position. Each support function can be activated and
disabled manually on demand. This always provides full control of the assistant to the pilot. The
monitor also displays information which helps the pilots always understand the operation of the
intelligent assistant.

Firstly, the pilot can monitor his heart rate through the assistant. This piece of information is
useful to raise one’s self-awareness of his own physiological state and to create an opportunity to
enable stress regulation support if needed. It also allows the assistant to provide information
about its functioning and some explanation for self-activation to the pilot.
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Secondly, the pilot can monitor the relevancy of his situation awareness. A global situation score
shown on the display indicates whether flight parameters reading is required. In addition, a
widget mimicking the PFD suggests which areas of interest should be checked to increase the
global situation awareness score. These contribute to explain the assistant functioning and
identify directed opportunities to improve the pilot’s situation awareness.

Figure 4. Assistant monitor: stress regulation, situation awareness and auto-support and control.

Finally, the monitor provides pilots with the ability to cancel the automatic support execution
when the intelligent assistant has identified a situation of startle. This ensures that when
support is not required, the support system will not interfere with the piloting tasks.

3.4 UC#1 TRL

In UC1, the FOCUS assistant is composed of 3 main functions recalled below with their current
TRL:

● Startle effect detection, TRL3
● Situation Awareness augmentation, TRL3
● Stress regulation support, TRL3

The startle effect detection module performances were evaluated in laboratory settings, showing
encouraging results. However, the performances were not good enough for using the module in
the simulator for Validation 1 activities. The startle effect detection function was not
implemented for Validation 1. The module demonstratively works in laboratory settings and is
an advanced proof of concept, it therefore validates its TRL3. With the data collected during
validation 1, we hope to achieve a good enough startle effect detection to validate TRL4 for
Validation 2.

The situation awareness function and the stress regulation support were implemented in the
simulator for Validation 1. They achieved TRL3 as it is working well in laboratory. Validation 1
and Validation 2 will permit to reach TRL4 as these functions will be tested and evaluated with
end-users in a relevant environment namely the ENAC A320 simulator.
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3.5 Scenarios description

Due to ENAC’s A320 simulator technical limitations, Scenario 3 described in D6.1 could not be
implemented.

Scenario 1: Lightning strike during final approach

On final approach, the aircraft is struck by lightning. As a result, a loud bang is heard, and an
intense flash is triggered, provoking startle and surprise. Because of the lightning strike,
electrical problems on board of the aircraft lead to automations disconnection.

The scenario begins during the holding pattern for Runway 25 at Orly airport. An event triggered
automatically by the platform software manager will provoke a low fuel warning in the cockpit
(Figure 5).

The pilot is supposed to say out loud ‘Master caution, Low fuel’, remove the auditory warning by
pushing the Master caution button on the flight control unit, and ask the air traffic control to
integrate the final approach immediately by saying “ENAC2023 request radar vectoring for
immediate approach”. In addition, the pilot should also report a low-fuel emergency situation by
declaring “PAN PAN” or “MAYDAY MAYDAY” on the radio. Following this message, the air traffic
controller will give a heading to ENAC2023 in order to integrate the Runway 25 approach.
ENAC2023 is then supposed to call back when the Localizer is captured. This low fuel situation,
while increasing the urgency of the situation and raising the stress level of pilots, is a necessary
“scenario trick” to force participants to land.

At 12 Nm from the runway (t0), the lightning strike and thunder are triggered in the cockpit.
Following this event, autopilot (AP), auto-thrust (ATHR) and flight director (FD) are
disconnected. Since the startle detection is not integrated to our platform for VAL1, the startle
detected event is triggered automatically by the platform software manager, which will lead the
pilot into a startled state.

The startle detected event starts the emotion regulation support function after 5 seconds. This
function lasts for 30 seconds. 15 seconds after the startle event, the situation awareness function
starts and lasts for at least 90 seconds, depending on if the pilot’s situation awareness is
adequate. The pilot can start or stop both functions manually at any time on the assistant user
interface. During the first 5 seconds after startle detection, the pilot can stop the assistant before
its activation.
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Figure 5. Lightning strike scenario script

Scenario 2: cargo shift during take off

At the beginning of this scenario, the aircraft is aligned on LFBO Runway 32R. Weather is clear
with no wind. Shortly after take-off (when the aircraft reaches a pitch of 7.5°), a 6 tons cargo gets
loose and moves from the front to the rear part of the cargo bay resulting in a shift of centre of
gravity (Figure 6).

As a result, a strong pitch up moment is observed, up to a pitch of 20°, that will supposedly
surprise the pilot. Because of the strong pitch, the AP and FD functions cannot be engaged by the
pilots as usual, and the pilot is forced to react quickly and manually control the aircraft.

As a consequence, the aircraft manoeuvrability is impacted, and the pilot is supposed to ask for
an adapted trajectory to come back and land on the airport. 5 seconds after the detection of the
surprise event, the situation awareness support starts and lasts for 90 seconds if the pilot’s
situation awareness is correct.

The pilot can start or stop the SA support manually at any time on the assistant user interface.
During the first 5 seconds after the startle occurrence detection, the pilot can stop the SA
support before its activation.
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Figure 6. Cargo shift scenario script

3.6 UC#1 Validation 1 Procedure

Upon consent form completion, each participant was first introduced to the research objectives.
The experimenters then presented the goal and the proceedings of the study, and specifically, the
context, the AI features and the two flight scenarios of the study without disclosing the startling
and surprising events (lightning strike and cargo shift). In each scenario, the flight was
conducted in SPO. Each flying session took place in an Airbus A320 simulator built at ENAC.

Next, the participant was equipped with the physiological sensors and was invited to sit in the
A320 simulator. Upon eye tracking calibration, one of the experimenters performed a
walkthrough of the IA functions and invited the participant to experience the stress regulation
and the situation awareness support. The participant could ask any question about the IA at this
stage.

When ready, the participant began the training phase. The training phase started with exploring
the cockpit surroundings for at least 20 minutes to give enough time for the participant to
familiarise with the simulator, the controls’ location and sensitivity, and the simulation view
rendering. In addition, the participant was allowed and encouraged to request support and
experience the assistant functions during the training. When the participant felt comfortable
enough to proceed, a baseline scenario was started which consisted in taking off, performing a
short flight and landing back to the airport.

Upon completion of the training, the participant performed the two validation scenarios. During
each scenario, photoplethysmograms, electrocardiographs, electromyographs, galvanic skin
responses (GSR), respiration rates, gaze, participants’ view and participants’ face were recorded.
At the end of the scenarios, the participant was debriefed about the experience and performance
during the flight. Between each scenario, the participant filled a Likert-scale questionnaire to
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assess the subjective perception on the performance, the usefulness and the understanding of
the IA.

Finally, when the two scenarios were completed, the participant was invited to debrief about the
stress regulation and situation awareness support functions first. Then, the participant was
questioned about the IA through a semi-structured interview in which usability, improvements,
AI initiative and trust was discussed.

Five experienced male pilots were recruited for the validation study (mean age = 44.8 SD = 7.5,
mean number of flight hours=4600, SD = 5672). The gender was not balanced, considering that
female pilots represent 5.8% of the pilot’s overall population. All performed the lightning strike
scenario. Three performed the cargo-shift scenario in addition.

3.7 UC#1 Validation 1 Results

Although it is not possible to report statistics analysis given the sample size of the study, the
questionnaires result analysis can provide some subjective perception tendency among the
participants.

The results from the first validation show that:

● the designed scenarios for evaluating the UC#1 intelligent assistant triggers startle and
surprise

● the participants were overall positive with using the assistant
● the participants are aware when FOCUS is active
● the ambient light in the cockpit and on displays is seen as a stress marker
● the physiological data monitoring should not be displayed on the EFB
● tactile heartbeat stimulation is a promising solution to regulate stress for pilots
● FOCUS is found useful especially in manual piloting
● FOCUS provides too many visual alerts on the cockpit displays.

In the next sub-sections, we report the results of the First Validation study in more detail.

General feedback

First of all, the scenarios successfully triggered startle and surprise in the
participants. On a scale from 1 (not startled or surprised) to 10 (very startled or surprised),
participants reported an average score of 7.0 for startle and an average score of 7.6 for surprise
in the lightning strike scenario. The cargo shift scenario was deemed less intense with a startle
average score of 3.7 and a surprise average score of 5. Physiological data and facial expressions
confirmed that all the participants were actually startled or surprised during the lightning strike
scenario (Figure 7). Signs of stress after the surprising event were observed in physiological data
in the cargo shift scenario for all the participants. For example, P4 commented: “I was sort of
surprised and trying to figure out what is working and where I am, what direction am I going?”.

The assistant was generally well received by the participants. P1 stated: “That is a good
approach, that is a good idea”. The participants thought that the assistant allowed them to
maintain a good situation awareness and the awareness guidance was overall relevant. P2 also
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thought that the assistant was not restrictive. The system actions and purpose were well
understood by the participants, and the assistant was thought easy to interact with. Participants
felt somewhat confident to work with the assistant. It is worth noting that P1 said that he would
trust the system. That being said, the participants felt unsure about the benefits of the assistant
to limit the detrimental effect of startle and surprise, and its usefulness when unexpected events
occurred (i.e. in situations of surprise).

Figure 7. Galvanic skin response of a participant following the lightning strike event

Assistant start

Participants were aware when the assistant had been triggered off. P1 stated: “I saw
the small icon” and P4 reported: “I saw the two persons symbol coming up”. The visual alert was
seen as a cue for abnormal situations. It disturbed P4 by disrupting his visual scan but allowed
him to “take a step back” to what was happening. He added: “I am thinking that might have been
helpful because it kind of told me that, now, something is wrong”. P5 underlined that this feature
was reminding him of other features that he already knows such as the traffic collision avoidance
system (TCAS) blue notification1, which is displayed on PFDs when a TCAS Resolution Advisory
maneuverer may be necessary.

Stress regulation support

1 Safe Handling of TCAS Alerts, AIRBUS. https://safetyfirst.airbus.com/safe-handling-of-tcas-alerts/
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The breathing guidance lights were seen as an indicator of stress level during the
exercise (P1). By seeing the light, P4 was reminded to breathe deeply. However, participants
highlighted the lack of availability to perform the breathing procedure. For instance, P2 stated:
“You need availability to focus on your cardiac rhythm” and P3 added: “I was thinking about it
during the last [led] cycle, then I tried to adapt my breathing. Before that, I don’t think I was not
aware of my breathing nor adapting my breathing”. Although P2 saw the lights, he thought that
focusing on his breathing while dealing with the aircraft automation failures was quite difficult.

The tactile heartbeat simulation was not found uncomfortable. As a matter of fact, some
participants did not even notice the tactile feedback during the exercise even though they
experienced it during the training phase. Pilots were eager to know whether the tactile feedback
had a real impact on their heartbeat. P2 thought that pilots could benefit from tactile feedback as
it was “transparent” (i.e. unintrusive) to him and to other pilots, and that it did not have any
impact on his workload. He added that the technology may be promising if it can be compatible
with existing pilot smartwatches.

Finally, it is worth noting that none of the participants found the physiological
monitoring display useful. Even though P3 was monitoring his physiological status at the
beginning of the exercise, he stopped when the assistant support started. The other pilots
reported that they did not look at the electronic flight bag during the exercises. They reported
indeed that they did not have the cognitive resources to check the physiological monitoring
display once the emergency was declared. They had to focus on handling the emergency and
control the aircraft.

Situation awareness support

The situation awareness support was useful to participants, especially when the
autopilot failed in our exercise. The assistant managed to draw pilots’ attention towards
specific parameters. P5 commented: “I missed the speed change. I was glad that the assistant
told me to look at the speed”. P4 thought the benefit of the situation awareness support was to
“increase the sampling rate” to acquire flight information. He thought that it may have focused
too long on the navigation display or on some other information. P2 thought it helped to recentre
the visual path. P3 said that the red boxes helped him to check the right pieces of information,
even though this is what he was already planning. He reported: “I think I would have done it. But
it allowed me to save time”. P1 also commented on the potential for such assistance to support
pilot flying aircraft that they are not familiar with. With more training with the assistant, the
participants thought they could follow its guidance better.

However, they also warned about the potential distraction that could result from the
PFD red highlighting boxes. Because the pilots did not look at all the instruments, more boxes
started to appear on the PFD. They thought that this was overwhelming and confused them
about what instrument to look at first. P5 reported: “at the end there were too many zones to
look at” and criticised the use of the red colour: “I have noticed that when amber changes to red,
it creates a strong distraction”.

The pilot’s inability to make some boxes disappear upon glancing at it was partly due to the
system's lack of performance in recognizing Area of Interest (AOI) in the cockpit. Particularly, it
failed several times to detect the AOIs associated with the heading and the localizer deviation on
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the PFD resulting in constant red boxes around these zones even though pilots were staring at
them.

The reliability of the assistant was questioned. In the thunderstorm exercise, autopilot 1
and 2 are expected to fail after the thunderstrike hit the aircraft. Because the pilot had been
given erroneous information because of the automation failure in the scenario, P2 was not sure
whether he could still rely on the assistant guidance. He was also worried that the assistant
would focus his attention on an erroneous piece of data.

3.8 Improvements and future work

Since the goal of VAL1 was to collect feedback on the use of our assistant, we did not evaluate the
action of cancelling the auto-activation if not needed by the participant. For VAL1, the delay
before the assistant executes support was fixed to 5 seconds. Based on our observations during
the exercises, the delay duration was too short. However, it is not clear how long this delay
should last. Not only it should allow the pilot to cancel the auto-support before it launches but
also provide support as soon as possible to pilots, as startle effects consequences are at the
strongest immediately after the stimulus. This may be investigated further.

Although the breathing guidance lights were not invasive to participants during the exercises,
the demand of resolving aircraft automation failures did not give any cognitive
space to pilots for performing deep breathing. None of the participants froze after the
thunder strike stimulus indicating that none of them were incapacitated during our study. This
may have contributed to ignoring the breathing support. Deep breathing is key to reach cardiac
coherence and reduce stress, therefore we will continue to investigate ways to increase pilot’s
attention to breathing and explore new forms of breathing support to help pilots reduce their
stress.

Along the same lines, the visual biofeedback cues displayed on the electronic flight bag
were not relevant to the pilot’s tasks. Since understanding failures and building situational
awareness requires the pilots’ attention to the flight and navigation displays, none of the pilots
looked at the electronic flight bag on the side panel after the stimulus had occurred. The
breathing light support was seen as a stress indicator. Previous research has shown that
ambient light can convey information about stress levels and facilitate the control of heart rate
response to stressful situations (Yu et al., 2018). Ambient lighting in the cockpit could facilitate
stress regulation without requiring the pilot's direct visual attention. This will be investigated
further.

The simulated tactile heartbeat feedback was well received by the participants.
They highlighted several benefits such as being inconspicuous and undemanding.
The participants were interested in verifying the impact on their stress of such an intervention.
Even though research has found an effect of low heartbeat tactile stimulation on perceived stress
and heart rate, we could not provide the participants with a sound answer as we did not
investigate this research question in this study. Given the potential benefits of this approach, it
seems that it may be worth investigating the effect of such interventions in the cockpit.
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Although the situation awareness support did help participants to pilot the aircraft manually by
highlighting the relevant pieces of information, the system can be improved. As performance
issues of the assistant resulted in the permanent highlight of 2 of the 11 areas of interest, some
participants felt a bit overwhelmed. It underlined the fact that too many eye-catching alerts
on cockpit screens is not an acceptable design and that a prioritisation of
information highlighting could be appropriate as P4 suggested. Another significant
drawback was the distracting nature of the strong red alerts on the pilot flight display.
Participants suggested using auditory messages such as “speed!” to bring attention to the speed,
as they are already used to such callouts done in today’s operations by the PM. In addition, oral
alerts may provide a sense of pilot monitoring presence in a single pilot setting. We will
investigate both priority queues and oral alerts further in the next iteration.

Finally, it is worth mentioning that pilots also shared some ideas for the future of the IA in the
cockpit. For example, P1 envisioned an assistant that could adapt to different piloting profiles. He
also mentioned a voice assistant that could understand pilots’ vocal instructions. Identifying and
analysing system failures in single pilot operations may be more difficult, therefore P2 hoped
that the assistant would support him in this task to relieve pilot’s stress even more.

3.9 UC#1 Validation 1 Conclusion

Upon completion of VAL1, the main lessons learned that point to new design directions are
reported in Table 6 below.

Table 6. UC#1 VAL1 lesson learned and new design directions

Insight Functional Requirements Proposed solution for
next iteration

The duration for cancelling
FOCUS activation is too short.

Pilots should be able to cancel the
assistant as it could create distraction
if not needed.

Increase the delay for
assistant activation and
evaluate that it will not
impact the assistant benefits.

The demand of resolving
aircraft automation failures
did not allow pilots to
perform deep breathing and
regulate their stress level.

Deep breathing is key to reach cardiac
coherence and reduce stress.

Investigate novel ways to
increase pilot’s attention to
breathing and explore new
forms of breathing support to
help pilots reduce their
stress.

The visual cues displayed on
the electronic flight bag were
not seen by the pilot during
manual piloting.

Visual cues can provide pilots with
self-awareness about their stress level
or information about the flight status.
They may support better stress
management and better situation
awareness.

Change the display location
and the design of such
information according to the
pilot’s task.

The simulated tactile
heartbeat feedback was
welcomed by the participants
but the performance of such

Because of being inconspicuous and
undemanding and easily deployable
in the cockpit through existing
technology, this may be one of the

Evaluate the impact of
simulated tactile heartbeat
feedback on stress regulation.
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an approach was not
investigated in VAL1.

best solutions for regulating stress in
the cockpit

FOCUS provides too many
eye-catching alerts on cockpit
screens.

Provide timely information to pilots.
Implement a priority queue
for visual alerts and combine
visual and oral alerts.
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4. Use Case #2 – Flight Deck Route

4.1 Introduction/Background – Use Case #2

In the aviation domain, pilots face a myriad of challenges during flights, ranging from adverse
weather conditions to technical failures and dense air traffic. Limited cognitive resources in the
cockpit can sometimes hinder the precise assessment of flight optimization and risk
management, especially when multiple factors converge.

UC2 is based on a cockpit Intelligent Assistant (IA) to help flight crew re-route an aircraft to a
new airport destination due to deteriorating weather, taking into account a large number of
factors (e.g. remaining fuel available and distance to airport; in-route turbulences, connections
possible for passenger given their ultimate destinations; etc.). The flight crew remains in charge
but communicates/negotiates with the IA to derive the optimal solution.

UC2 explores the implications of integrating artificial intelligence (AI) and machine learning
(ML) in aviation, particularly to alleviate pilots' cognitive burdens and foster collaborative
human-machine interactions.

The purpose here is to provide detailed insight into the methodology used and the results
obtained during the initial validation of the UC2 project. By doing so, it sheds light on the
possibilities offered by AI to address operational challenges faced by pilots, particularly in an
increasingly complex aviation environment.

For reference, the performance targets table from the Deliverable 6.1 is reported below in Table
7. More details of our strategy and approach are given in Deliverable 6.1.

Table 7. UC#2 performance targets

KPA Category KPI

Mission Safety MoE
Safety margin index [ ].
(prescribed activity) (ex.:
fuel at destination)

Mission Commercial
Performance

MoE

Operational impact index
[function of cost efficiency,
punctuality, passenger
experience, …, TBD with
SME]

Decision Quality MoP

Decision quality index
(function of aspects taken
into account, TBD with
SMEs)

Implementation Feasibility
index (function of time to
decide, time to implement,
ATM considerations…, TBD
with SMEs)
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Regulatory Acceptance MoE

Beyond 2030: Self
evaluation against the SoA,
and an acceptance of SMEs
from regulatory
organisations.

Social Acceptance MoE

Usage of the assistance due
to perceived usefulness
(reliability, trust,
performance…)

Note: In this validation, we made some preliminary hypotheses about the technical requirements
and Human-IA interactions. These hypotheses are based on recommendations provided by The
European Union Aviation Safety Agency (EASA) about AI and its potential impacts upon aviation
operations and practices. EASA’s recent guidance on Human-AI Teaming (HAT) suggests six
categories of future Human-AI partnerships. As it is presented in section 4.2.3, we made a focus
on the categories in which the human work together with the IA:

● 1B – Cognitive assistant (equivalent to decision support system)

● 2A – Cooperative agent, able to complete tasks as demanded by the operator

● 2B – Collaborative agent – an autonomous agent that works with human colleagues, but
which can take initiative and execute tasks, as well as being capable of negotiating with
its human counterparts

Research question:
UC2’s proposal is to work on mission management using high-level Operational “Intentions” (e.g.
green operations, quality of service, punctuality, fuel and global cost reduction, etc.). Intentions
involve mental activities such as planning and forethought, they can be declared and clearly
defined, while in other instances can be undeclared or masked, making them sometimes complex
to identify.

To answer this question, we propose to focus on these 3 objectives in this initial validation:

UC2-OBJ-02: What are the key features for each type of assistance (decision
support - 1B, cooperative - 2A, collaborative - 2B) that enable teamwork
requirements assurance and effectiveness?

UC2-OBJ-04 2A variant: HAT cooperative teaming improves decision making
process for on air re-route situation vs. decision support assistance

UC2-OBJ-05 2A variant: 2B variant: HAT collaborative teaming improves decision
making process for on air re-route situation vs. HAT cooperative teaming

In COMBI (COMmunication in BI-directional way) the pilot uses “intentions” to communicate
with the IA. Intention is a mental activity oriented to achieve the goal in a specific way. Once you
have an intention in mind—let us say, for instance, when we want to use our GPS navigator, we
have the objective to go to the airport. There are different ways to go to the airport. The choice
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will depend on our intentions. In this context, several intentions could be proposed: being faster,
being cost efficient, being green, etc. Thus, our GPS will be able to provide us with some solutions
based on these intentions.

4.2 UC#2Material And Methods

Experiments

Six airline pilots were engaged in testing three levels of pilot assistance mock-up based on AI
classification from EASA: 1B, 2A, and 2B. The experiment using an interactive PowerPoint,
simulated a regional flight in Europe, specifically from Marseille to Munich.

In order to determine the need for an IA according to the complexity of the situation, we have
created two types of scenarios with lower and higher complexity. During the flight scenario, the
participants encountered the need for in-flight rerouting to avoid adverse weather conditions
(less complex scenario), and as second step the closure of the destination (i.e. Munich) airport
due to inclement weather, necessitating the selection of an alternate airport (more complex
scenario).

Participants

Pilot characterization (demographic questionnaire)
The panel comprised six male commercial airline pilots selected from diverse aviation
backgrounds. Their ages ranged from 39 to 59 years, with one participant aged between 39 and
40, four participants aged between 40 and 49, and one participant aged between 50 and 59. On
average, the pilots accumulated 9,045 flight hours throughout their careers (SD = 3,099), with an
average of 535 flight hours within the last 12 months (SD = 215), reflecting variability in flight
experience and recent activity among the participants. One female airline pilot participated in
the elaboration of the use case scenario.
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Figure 8. Total flight hours, flight hours last 12 months and pilots' age

The pilots were tasked with evaluating three types of AI assistants and their associated
interfaces using the "Cognitive Walkthrough" method. This method, rooted in human factors
engineering, aims to systematically evaluate the usability of concept by simulating user
interactions and decision-making processes.

In the Cognitive Walkthrough, pilots were presented with simulated flight scenarios and guided
through tasks involving the AI assistants and interfaces. As they navigated through each
interface, pilots were prompted to verbalise their thought processes, interactions, and decision
points. Researchers observed and documented pilot behaviours, identifying potential usability
issues, cognitive bottlenecks, and interface complexities.

By leveraging the expertise and insights of experienced pilots, the Cognitive Walkthrough
method provides valuable feedback for refining AI assistants and interfaces in aviation contexts.
This structured approach facilitates the identification and mitigation of usability challenges,
ultimately enhancing the effectiveness and user experience of AI technologies in aviation
operations.

Test modalities

The three modalities tested are as follows:

● Support to decision (1B)​: 3 routes are proposed linked to pilot’s intentions, and the
associated flight plan (FP) can be implemented in FMS on request​. The 3 routes maximise
the first intention.

● Cooperative Assistant (2A): low-impact threats - 1 route linked to pilot’s intentions,
implemented on request​/other cases - work same as 1B. The route maximises the first
intention.

● Collaborative assistant (2B): ​2 routes are proposed - 1 called “Least negative impact”, and
1 called “Best Compromise”. The respective FP can be implemented in the FMS on
request.
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o “Least negative impact”: the other intentions may lose value, but the loss will be
shared as evenly as possible between the two intentions.

o “Best compromise”: The loss of value for the other two intentions will be
assessed against the gain on the first intention. We will accept low losses for low
gains.

In all solutions proposed by the assistants, safety is always a priority and guaranteed. For the
reroute case, the new route is always safe, ensuring that the aircraft arrives at destination with a
functional machine, safe crew and minimum legal fuel. For the choice of the alternate airport, the
landing with safe performance, safe machine, crew, minimum legal fuel etc are also always
ensured. This information is displayed on the HMI as a grey bar to show that it is not changeable
and set at 100% (see section 4.2.8).

Trials calendar

To randomise the order of assistance, a permutation was designed as shown in the table below.
Two pilots were on each serial. The serial 1 started with assistant 1B in a Winter scenario, then
2B in a Summer scenario, and 2A in an Autumn scenario. The serial 2 started with the 2A
assistant and Serial 3 with the 2B assistant and finished with 1B.

CW1 CW2 CW3

Scenario/Ass. lvl Scenario Ass. lvl Scenario Ass. lvl Scenario Ass. lvl

Rerouting Diversion Rerouting Diversion Rerouting Diversion

Serial 1 W 1B S 2B A 2A

Serial 2 S 2A A 1B W 2B

Serial 3 A 2B W 2A S 1B

Table 8. Permutation order for the 3 serials, with season (Summer, Autumn, Winter) and assistant level
(1B,2A,2B) (CW=Cognitive Walkthrough)

Experiment schedule

The first part of the experiment started with a presentation of the HAIKU project, the objectives
and the whole experiment process (see Figure 9). We ensured that the consent form was signed
before starting the recording. Then the participants were invited to answer the questionnaire
about trust in AI.

A presentation of the assistant COMBI was then realised, with the explanation of communicating
with the assistant via the three high level intentions: Pilot cognitive comfort, Passengers comfort
and Profitability (description of these operational intentions will be provided in deliverable
D4.5). A presentation of the interface and the interactions were then demonstrated and tested
by the participant (see Figure 10) on the interactive PowerPoint. The pilot can select one of the
six triangles to communicate to the assistant the intention chosen.
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Figure 9. Experiment chronology

Figure 10. Interactive PowerPoint as mock-up, communication of the pilot’s intention to the assistant.

For example, in Figure 11, the intention selected is displayed in green. The triangle on the left
prioritises Pilot Cognitive Comfort, then Profitability (same side of the triangle) and at last the
passenger comfort. As safety is always ensured by the assistant, a green bar is displayed next to
the triangle and also under the intention’s figures in grey (see Figure 14).
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Figure 11. Selection of one intention: left Pilot Cognitive comfort, in the middle Passenger comfort, and at the
right the intention selected is profitability.

The format of PowerPoint was chosen to be able to do the remote interviews with the pilots and
be able to easily share the interface and make it interactive.

Questionnaires used

The two questionnaires Trust and Computer System Usability Questionnaire (CSUQ) were
responded to on the Peac²h platform developed by CATIE. Peac²h is a turnkey web-based
solution offering simple, automated online support to help design the evaluation of tools and
services. Peac²h includes the evaluation protocols (see Figure 12), the questionnaires and
supports in analysing and interpreting the data collected during the experiment, thanks to
ready-to-use toolboxes. The two questionnaires can be found in UC#2 Appendix.

After answering the first questionnaire and after each end of a flight scenario the next one was
presented to the pilot like described below.

The flight scenario

To give the pilots a concrete example of how to use the assistant, we've created a story with
several points where they had to evaluate the options presented to them and to make a choice.
Because we're still in the early design phase, and the system isn't yet operational, in this mock-up
version the choice of pilots has no bearing on the rest of the story.
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There are 3 Scenarios, always from Marseille to Munich, only weather conditions changed
(autumn, winter, and summer). For each Scenario, the story is supported by a different type of
assistance as mentioned before (1B, 2A, 2B). For each scenario, 2 events took place one after the
other:

1. Rerouting: Due to bad weather on the original flight path, a rerouting is necessary (keep
the same airport, changing path and the STAR, approach and RWY)

2. Diversion: Around 20nm from Munich airport, ATC inform the pilot, that the airport is
closed due to weather conditions (original destination not available anymore, choose an
alternate airport)

The original flight plan presented to the pilots is here below (Figure 13) with the associated
intentions figures (blue bars in the Figure 14):
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Figure 13. 1st slide to present the flight plan fromMarseille to Munich, conditions and additional information.

Figure 14. Slide presenting the figures and their explanation for the original flight plan to Munich.
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