Aerospace Europe Conference 2023
Joint 10" EUCASS — 9™ CEAS Conference

Abstract #XXX (to be filled by the organizers)

Preferred Topics: HUMANF / SYSINT

Corresponding author: PUCA Nicola

e-mail of corresponding author: nicola.puca@polito.it

Type: Oral

Status of corresponding author: PhD Student

For student corresponding author: student member of one of the following:

3AF / AAAR / AIAE / AIDAA / CzAeS / DGLR / FTF / NVvL / PSAA / RAeS / SVFW / EUROAVIA

Title
Enabling Single-Pilot Operations technological and operative
scenarios: a state-of-the-art review with possible cues

Authors
Nicola PUCA '*, Giorgio Guglieri’

* Corresponding author

! Department of Mechanical and Aerospace Engineering, Politecnico di Torino, Corso Duca degli Abruzzi 24, 10129
Turin, Italy, nicola.puca@polito.it

2 Department of Mechanical and Aerospace Engineering, Politecnico di Torino, Corso Duca degli Abruzzi 24, 10129
Turin, Italy, giorgio.guglieri@polito.it

Abstract

Since the 50s, commercial aviation flights have progressively been changing alongside to the on-board automated
systems’ technological improvements, moving from up to five members populated crews to the current two. To date, a
flying pilot (PF) and a non-flying pilot (PNF) are both responsible for the tasks of piloting, navigation, communication,
and management of flight. However, no further enhancing and cost-reducing modification could be applied with the actual
cockpit configuration, except through persisting in the trend of de-crewing and replacing the copilot with trustworthy
automated subsystems or supporting ground stations. Enabling the so-called Single-Pilot Operations (SPO) is seen as one
way of saving airliners’ money and eventually facing with the future flights increase and lack of commercial pilots [1].
That associated with crews is, in fact, a significant fraction of aircrafts operating costs, especially for regional operators.
Therefore, as the automation capability is rising, an exploration of SPO feasibility shall be conducted. Manufacturers such
as Airbus [2] and Boeing are evaluating this concept for long-haul routes, paving the way for deeper implementation of
Al-based technologies [3], [4] in avionics systems to supplant the copilot loss of redundancy with continuous assistance
to the single PF. Nonetheless, mixed opinions about SPO arise, with many claims about safety risks and possible conflict
with public opinion [5]. The purpose of this paper is to gather a review of the state of the art regarding Single-Pilot-
Operations, with a focus on the topic of digital assistants in commercial aviation. In particular, the collected publications
were classified into five specific headings, each one reporting theoretical discussions and practical cues to address possible
future research activities. Regarding Operations, several SPO high-level architectures have been proposed with different
function and task allocation between the agents, most of them involving a ground support, too, which is specifically
addressed [6] to provide remote assistance in case of high-workload or pilot incapacitation. Communications refers to the
necessary improvements which are required to remotely control the aircraft and cope with new potential cyber
vulnerabilities. Also, Pilot Monitoring concerns with the need to characterize pilot performance during complex and/or
emergency scenarios by defining human performance inference techniques from a set of automated, remote-sensed,
psychophysiological measurements [7]. Certifications heading is then aimed to collect and identify regulatory aspects
requirements for SPO [8] among institutions, creating standards and recommended practices to fill the lack of shared
guidelines. Lastly, Cognitive Human-Aircraft Interface will be the key for enabling the transition to SPO, as the potential
advantages to incorporating intelligent systems into the cockpit could take the shape of Digital Flight Assistants (DFAS).
Regarding this, expert pilots’ opinion is generally collected [9] as a support for these systems assessment, also by means
of Human-In-The-Loop simulations (HITL). This review is also intended to give a brief recap of Machine Learning (ML)
based applications [10], as well as Computer Vision (CV) algorithms candidates for implementation in more-autonomous
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flights. Besides, establishing the potential interrelationships among all these subtopics can be helpful in improving SPO
complexity managing, by trying to gain insight into topics that are mostly fragmented at the subsystem-level.

References

1 D. Comerford, S. L. Brandt, and R. Mogford, “NASA / CP — 2013 — 216513 NASA ' s Single -Pilot
Operations Technical Interchange Meeting : Proceedings and Findings,” no. April 2013, 2019.

[2] EASA, “Artificial Intelligence Roadmap,” Artificial Intelligence Roadmap, no. February, p. 33, 2020,
[Online]. Available: https://data61.csiro.au/en/Our-Research/Our-Work/Al-
Roadmap%O0Ahttps://www.easa.europa.eu/sites/default/files/dfu/EASA-Al-Roadmap-v1.0.pdf

[3] C. Bejarano et al., “HARVIS: Dynamic rerouting assistant using deep learning techniques for Single
Pilot Operations (SPO),” Transportation Research Procedia, vol. 66, no. C, pp. 262-269, 2022, doi:
10.1016/j.trpro.2022.12.026.

[4] A. Duchevet et al., “HARVIS: A digital assistant based on cognitive computing for non-stabilized
approaches in Single Pilot Operations,” Transportation Research Procedia, vol. 66, no. C, pp. 253—
261, 2022, doi: 10.1016/j.trpro.2022.12.025.

[5] ALPA, “THE DANGERS OF SINGLE-PILOT 2019 Foreword from alpa president joe depete,” 2019.

[6] M. T. Koltz et al., “An Investigation of the Harbor Pilot Concept for Single Pilot Operations,” Procedia
Manuf, vol. 3, no. Ahfe, pp. 2937-2944, 2015, doi: 10.1016/j.promfg.2015.07.948.

[7] J. Liu, A. Gardi, S. Ramasamy, Y. Lim, and R. Sabatini, “Cognitive pilot-aircraft interface for single-
pilot operations,” Know! Based Syst, vol. 112, pp. 37-53, 2016, doi: 10.1016/j.knosys.2016.08.031.

[8] Y. Lim, V. Bassien-Capsa, S. Ramasamy, J. Liu, and R. Sabatini, “Commercial airline single-pilot
operations: System design and pathways to certification,” IEEE Aerospace and Electronic Systems
Magazine, vol. 32, no. 7, pp. 4-21, 2017, doi: 10.1109/MAES.2017.160175.

[9] S. Gosper et al., “Understanding the Utility of Digital Flight Assistants: A Preliminary Analysis,” ACM
International Conference Proceeding Series, 2021, doi: 10.1145/3469595.3469627.

[10] S.Yang, Z. Yin, Y. Wang, W. Zhang, Y. Wang, and J. Zhang, “Assessing cognitive mental workload
via EEG signals and an ensemble deep learning classifier based on denoising autoencoders,”
Comput Biol Med, vol. 109, pp. 159-170, 2019, doi: 10.1016/j.compbiomed.2019.04.034.

AEC2023_Enabling Single-Pilot Operations technological and operative scenarios_A state-of-the-art review with possible cues



