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Abstract

The main goal of the HARVI®jBct is to identify how cognitive computing algorithms, implemented
in a digital assistant, couklipport the decisionmaking of single pilots in complex situatiofi&e first
step to reach this objective is to define what is the state of the art ofiéigifintelligence, and in which
context it is expected to work into, having 2035 as a target ezfee.

This documenpresentsthe results of thestate-of-the-art analysis carried out on:

I The future aviation scenariovhat we expect the roles, the techlomies, the procedures and
the traffic will look like in 2035+.

1 Single pilot operationswhat it isexpected to change in the cockpit from the point of view of
tasks allocations and available supporting technologies.

1 TheAirtificial Intelligence:which arethe capabilities oMachine Learning (ML) and Cognitive
Computing (CC) algorithnasd what Al basetechnologies are (and will be) able to do, not
only in aviation but also in other domains.

1 Human Factorshow the interaction between pilots and automatios expected to change,
especially when dealing with highly automated systems.

1 HumanMachine Interface: which interfaces could facilitate a safe and proficient interaction
with those systems, reaching a perfect balance between humans and automation.

The doament also describes tharchitecturebehind the Virtual Pilot Assistant concept.
These are the basinformation the project will use:

1. to develop theconceptof an Al based virtual assistant able to enable and support Single Pilot
Operations(that will be presented in D2.1 Analysis of Potential Cognitive Computing Aided
Taskspnd

2. as a starting poinin the definition of aroadmap highlightingthe steps neededn terms of
technology development, interaction desigmd training, todevelopsuch an assistd (that
will be presented in D2.2 Human Machine Interface and Envelope, D2.3 Pilot training
consicerations for the implementation of a digital assistant and D4.3 Technologies roadmap).
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1. Executive summary

¢tKA&d R2O0dzySyid O2NNBalLRyRa (2 GKS 5mom RSt ADSN
FfA2NRAGKYaé g A0 Kageyof thie KISRVS prbigcii The gunddse df dhisddocument is

to stabli$ a baseline in order to develop the roadmap in how Cognitive Computing (CC) Algorithms

could support the decision making of single pilot in complex situation, which is the main goal of

this project.

Therefore, an assessment of the future aerospace sdwsrbeen carried out, considering future
systems and tasks as well as human factor. Additionally, a-sfdtee-art review in machine
learning and cognitive computing algorithms aneithintegration into several sectors such as
aerospace, automotive, tadthcare, etc. has been made. Furthermore, a research of the different
proposal for the implementation of the Single Pilot Operation (SPO) scenario has been done,
analysing the differenapproaches and current regulations.
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2. Introduction

2.1. Purpose and Scopef the document

This document aims at reporting the results of the staféhe-art analysis carried out to develop a
roadmap focusing on the creation of a virtual intelligent systene dblhelp humans in a cockpit
environment. Future aviatioscenarios, single pilot operations, the use of artificial intelligence to
develop a digital assistant, the human factors and the huimaichine interface are some of the topics
deeply analysed thraghout this document.

2.2. Deliverable Structure

This documents structured as follows:

9 Sectionl details the executive summary of the document.

I Section2 summarizes the purpose and scope of this document as well as the structure it
follows, and the acronyms drterminology used.

I Section3 analyses thduture aviation scenarios focusing on further systems, technologies,
procedures, traffic, roles and human factors.

9 Section 4 describes the necessary changes in the codiqnt, the point of view of tasks
allocatons and available supporting technologisallow single pilot operations.

I Section 5 presents an-otepth stateof-the-art analysis in the capabilities of Machine Learning
and Cognitive Computing in a wide range of domains including aviation.

9 Section Gaimsto evaluatewhich interfaces could fddiate a safe and proficient interaction
humanmachine.

2.3. Acronyms and Terminology

The following table reports the acronyms used in this deliverable.

Term Definition
Al Artificial Intelligence
ADSB Automatic Depndent Surveillance Broadcast
AMAN Arrival MANager
AOCO Airline Operational Centre Operator

PN This projet has received funding from the Clean Sky 2 Jdirdertaking (JU 10
‘, bod * under grant agreement No 831884. The JU receives support from the Eu
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Term Definition
Arrival Manager
ASAS Airborne Separation Assistance Systems
ASSAP Airborne Surveillance and Separation Assurance Processing
ATC Air Traffic Control
AT® Air Traffic Control Officer
ATM Air Traffic Management
BoW Bag of Words
BRLOS Beyond Radio Line Of Sight
C2 link Command andontrol link
CAS Complex adaptive sociechnical systems
CcC Cognitive Computing
CFMU Central Flow Management Unit
CHMI Cognitive Human Machineterface
CloV Cognitive Internet of Vehicles
CNN Convolutional Neural Network
CNS Communications, Navigation and Surveillance
COGPIT COGnitive cockPIT
COGMON COGnition MONitor
CRM Crew Resource Management
CSPO Closely SpacddarallelOperations
DERA Defence Evaluation and Research Agency
DMAN Departure MANager
DPM Deformable Part Model

o

Clean Sky2

* * o
-

*

*
+*
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Term Definition
DRML Deep Region Multilabel Learning
EEG Electro EncephaloGraphy
ETSO European Technical Standard Orders
FAA Federal Aviatiodministation
FAR Federal Aviation Regulations
FCS Flight Control System
FCU Flight Control Unit
FE Feature Extraction
FER Face Emotion Recognition
FMS Flight Management System
FNIR Functional Near InfraRed
GA SPO General Aviation SingRilot Operation
GA Ground Associates
GAN Generative Adversarial Network
GO Ground Operator
GPS Global Positioning System
GPs Ground Pilots
GPWS Ground Proximity Warning System
HF Human Factors
HMI Human Machine Interface
HMS Human Machiné&ystem
HMT Human Machind eaming
HOG Histogram of Oriented Gradients

o

Clean Sky2
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Term Definition
HP Human Performance
HPE Human Performance Envelope
HR Heart Rate
HRV Heart Rate Variability
IAS Intelligent Adaptive System
ICAO International Civil Aviatio@rganization
ITP In Trail Procedure
IVHM Integrated Vehicle Health Management
LBP Local Binary Patterns
LOAT Level Of Automation Taxonomy
LSA Latent Semantic Analysis
LSTM Longshort Term Memory
MCDU Multifunctional Control and Display Unit
MCP Mode Control Panel
ME Maximum Entropy
ML Machne Learning
MTCD Medium Term Conflict Detection
MTL Multilabel Learning
NB Naive Bayes
ND Navigation Display
NGFMS NextGeneration Flight Management System
NLP Natural Language Processing
NMOC Network Manager Operations Centre

* * o

o :
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Term Definition
NMT Neural Machine Tnslation
PACT Pilot Authorization and Control of Tasks
PF Pilot Flying
PFD Primary Flight Display
PNF Pilot Not Flying
RA Resolution Advisory
RCO Reduce Crew Operations
RCP Required Communications Performance
RL Reinforcement Learning
RLOS RadioLineOf Sight
RNN Recurrent Neural Network
RPAS remotely piloted aircraft systems
SA Sentiment Analysis
SA Situation Awareness
SA&CA Separation Assurance and Collision Avoidance
SASS Situation ASSesr
SIFT Scaleinvariant Feature Transform
SPO Single Pilot Operations
SRGAN Superresolution Generative Adversarial Network
STCA Short Term Conflict Alert
SURF Speeded URobust Features
SVD Single Value Decomposition
SVM Support Vector Machines

o
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Definition
Traffic Alert
TCAS Traffic Collision AvoidarcSystem
TCT Tactical Controller Tool
TIM Tasking Interface Manager
TRL Technology Readiness Level
UAS UnmannedAircraft System
YOLO You Only Look Once

Tablel: Acronyms
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3. Future Ariation scenario

3.1. Future Systems

CleanSkpavethe way of next generation cockpit systems and aircraft operations. The main areas of
development concern large passenger aircraft, systems for green operations, airframe and systems.
WP1 on avionics extended cockpit work(ed) on very large intemdtaaddown display, tactile

interactive multifunction display and voice recognition integration in the cockpit. Other improvements
GSNBE Ffaz2 OFNNRSR 2dzi 2y ySg Ca{ TFdzyOuarzya tA71S
surveillance system.

Avionicsindustrials like Thales, Rockwell Collins, Honeywell and Garmin are already working on new
cockpits with larger and tactile displays, voice recognition systems, augmented reality and increasingly
complex automatior{seeFigurel).

Figurel. Thalés next gen cockpit © Thalés

Thales next gen cockpit will include ASAS (Airborne Separation Assistance SysfEams)Ciyital
Taxi) via trajetory upload with datalink, 4D trajectories, Eco tad on large muitouch displays.

In the future, aircraft will be more connected and huge quantity of data will have to be processed in
order to give clear information to pilots and automations systefecent accidents shown that
confusion can occur between the pilotschtine state of automation, there are a lot of work to be done

in order to help the pilot to better understand and interact with automation and recent research work
is focused on giving éelback of pilot status to HMS.

The recent developments in artificiadtelligence technologies could allow the machine to provide
feedback and assistance based on the processing of various sources of information including models

e This projet has received funding from the Clean Sky 2 Jdmdertaking (JU 16
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of human information procesng, physiological measures of pilot state, natural language priocgss

speech recognition and vision. The purpose of such a system would be to support the pilot in the
decisionmaking process by being able to adapt itself when goals and requiremenligeuteract

easily with their human counterpart, identify and exttaelevant elements on the situation including

sensory inputs (vision, sound, gestures, physiological sensors). This new approach could help the pilot

to maintain an optimaskituation awareness(SA) The fields of neuroergonomi¢$] and augmented

cognition[2] NBf & 2y LA OK2LKeaA2t23A0rt YSFadaNBYSyda A
state that could be useahiintelligent adaptive systems (IAS).

3.2. FutureLJA f tfAsfisa Q

As Next Generation Air Transportation System (NextGen) concepts change radically air traffic
management, tasks, roles and responsibilities for the flight crew will evolve dramatically. Figfiire fl
deck will have available more complex and accurate information combined with new automation tools.

With more perspective, the role of pilot can be defined as a pilot or as a mafggHrthe pilot keeps

its role as pilot, he will still&ve he ability to control the aircraft, delegating tasks to automation. If
the pilot become a manager, automation is responsible for the majority of aircraft control and
navigation tasks, as well as the information processing tasks. Regardless of thteoewaflthe pilot

role, its tasks and responsibilities will change.

Pilot of transoceanic flights will have new opportunities to reach more easily their optimal flight level.

Over the ocean, without radar coverage;Tirail Procedures (ITP) enable aiftto change flight level

to optimize fuel consumption. Where previously the separation was 80 to 100 nautical mile®, ADS

GPS and other navigation sensors could divide it by up to 3 and the pilot could decide in this condition

to avoid potentiallyblockingaircraft. In addition to fuel savings, the benefit of ITP through-BR28uld

0S GKS AYLINRB@SYSyld 2F LAt20aQ aAaiddz GA2yIlLt gl NB
have a better understanding of the surrounding airspace.

Closely SpackPaallel Operations (CSPO) with the use of more data (wake, weather, trajectory
prediction) could enable paired approaches to minimum runway spacing in instrument meteorological
conditions with the appropriate safety levidl]. This new technology is designed with consideration of
the pilot capabilities. CSPO will transfer the responsibility for separation from the air traffic controller
to the pilot in the flight deck.

Flight Deck Interval Management Nflis expected to enable air traffic controllers and pilots to
increase runway capacity by reducing the uncertainty of time of amitaln 5 to 10 secondsTo make

GKAE LlRaarofsSy GKS O2y OSLJi LINR LR AaS é&pgddgivenby LIAE 2 0
the air traffic controller This information will baisedto define the safety distance between both
aircraftand will increase the runway capacifjhesystems may have @mpact on the role and task

of pilots andair trafficcontrollers snce the separation is delegated to the pilot

The number of clearances given by controllers will probably increase faster than the traffic itself. This
will saturate VHF radio networks, and this is what motigdtee use of Controller Pilot Data Link
Communicaton (CPDLC). Reducing voice communication will potentially reduce psibtation
awarenessabout aircraft in their vicinityBoehmDavis, in[5], confirmed that not mly the pilot SA
decrease, but the workload could alserease
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4. SinglePilot Operations

4.1. Justification

For the last 10 years, there has been growing research in a concept known as Single Pilot Operations
(SPO), which is focused on reducing the comimkoockpit to a single pilot from the current crew of

two pilots.Recent advances in Communications, Naioga Surveillance/Air Traffic Management and
Avionics (CNS+A) technologies have allowed higher levels of automation, creating an opportunity for
commercial airliners to transit to SPEASA Ames and NASA Langley have spearheaded this effort in
the UnitedStateg[6], but DARPA is also interested in this prob[&n Additionally, many researches

within the European Community habeen carried out in order to address this possib{l@jy

SPO may be regarded as the next phase of ad#sdang downward trend in the minimum number

of cockpit crew required for safe operations. In the 1950s, commercial aircraft typically had fypét coc
crewmembers: captain, first officer (gulot), flight engineer, navigator, and radio operator. Advance

in voice communication equipment removed the need for a dedicated radio operator position. Next,
advances in navigation equipment (e.g., inenmiavigation systems) removed the need for a dedicated
navigator position. Finally, advances in engines, @ir@ystems and improved tools for monitoring
have removed the need for a dedicated flight engineer position.

Over the past 25 years or so, commiat@ircraft have operated with a twperson cockpit (captain

and first officer). It is important to note #t the functions associated with the radio operator,
navigator, and flight engineer positions did not simply disappear, they are now performeceby th
captain and/or first officer, assisted by cockpit equipment that has greatly reduced the human
workload oiginally required to perform those functions.

Despite these advances, the transition from a #pimt cockpit to a singkpilot cockpit will be
significantly more challenging. A key requirement of SPO is to maintain safety at a level no lower than
current two-pilot operations by the introduction of advanced cockpit automation and possibly new
ground operator positions using support tools andgiouy R O2 YYdzy AOF A2y fAylao
is that there is no apparent safety benefit to be gained from sipgbt operations, largely driven by

the risk of pilot incapacitation. Such occurrences are very rare but do occur and how to ensure safe
operationin this case will be a significant hurdle in any SPO future appii®}als

While the safety issues for SPO are still to be fully addresise@conomic case for SPO is clear. There

is a projected increasing pilot shortage through 2022, although the demand will likely be more in Asia
and the Middle Eas{10]. The costassociated with crews (salaries, benefits, training, etc.) is a
significant fraction of the aircraft operaiy cost, especially for operators that typically fly smaller
aircraft with fewer seats than major airline operators that fly lager aircraft. Thakys crew cost and
availability issues provide the motivation to explore the feasibility of safely operé&imghaul and
military operations with a reduced crew, and commercial aircraft with a single pilot in the cockpit

e This projet has received funding from the Clean Sky 2 Jdmdertaking (JU 18
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assisted by advanced onboard aatation and ground operators providing flight support services well
beyond those currently delivered by aiadt dispatchers.

To address these issues, projects such as the Advanced Cockpit for Reduction of Stress and Workload
(ACROSS) 1], Aircrew Labour h€ockpit Automation System (ALIA®) and the studies on SPO
feasibility conducted by NASA under its Airspace System Pn¢gfahave brought together academic,
industrial andgovernment organizations to develop solutions for workload reduction in the cockpit.
These projects have prompted in the deyainent of several concept of operations that covers the

roles and responsibilities of the principal human operators, as well @synarchitectures for the
automation tools used by humans and the operating procedures for hdmuaman and human
automation ineractions. The key points of these proposals are that they have been constructed using
insights gained from a variety of sourceasluding subject matter experts, humamthe-loop
experiments examining the performance these concepts of operations anébeasfit analyses.

With the Captain as the only physical human presence in the cockpit, several theories for future SPO
operations posit that many cgilot functions will need to migrate to a ground control station. Indeed,

research is underway investigag ground control strategies for remote assista@k [12]. Another

theory is that significant improvements need to be made in autontathe ceLJA £ 2 1 Q& Fdzy O A :
board the aircraft, instead of shifting them externally. A derivative proposed architectureneggilot

in the highly automated cockpit, with onboard personnel serving as algagilot, such as commuting

pilots, flight atendants, and flight marshal8].

Regardless of what such a resultant SPO architecture would look like, it is widely accepted that
automation will have to suftantially increase in the air and on the ground for such a SPO concept to

be successfyb], [9]. To this end, substantial galot functions, and even possibly functions currently

assigned to the Captain, will be autoradtin the future. In the following subsections, a summary of

the most remarkable proposals found in the reviewed literature &spnted, which mostly coincide

that the solution should incorporate knowledgpased capabilities as well as cognitive and adapt
AYGSNFIFIOSa (2 YAGAIIGS LAE20Qa 62Ny t2FR FYR AYL]
concepts in civil aviatbut are essential for the introduction of SPO.

4.2. Requirements and considerations for SPO

4.2.1.Systems requirements

Many researchebave been conducted to assess the performance and safety changes to reduce crew
and SPO in a presesay flight deck desigfil3] highlights that Reduced Crew Operations (RCO) and
SPO, using the current tecologies and organization, significantly decrements flight performance, due
to checklist are often sacrificed, more errors aoenenitted, worse flight path performance, etc.; which
leads to unacceptable safety margjfh4] underline that nonverbal communications are an important
aspect of crew coordination and must be maintained or replacegrtonote good awareness and
Crew Resource Management (CRM) in SPO sceraritthermore, in[15] an interview with several

pilots is conducted and they all @grthatd D2 Ay 3 FTNRBY (G¢2 (G2 2yS LIAft2d0a A
frequently in the cockpit, and the nearly universal @pin(at this time) is that we can see a cockpit
with only one pilot (although certainly not with current systems in used.thé eind of this paper it is
proposed a list of 12 functions that an onboard intelligent system should be able to replicade for
single human pilot to be able to manage the workload in piloting an aircraft in transport missions.
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As regards to airworthinegdirective, AMC 25.1523 requires that the aircraft flight deck design must
be compatible with the workload allocated to the ritimum Flight crew. To be noticed that in FAR 23
amdt 64 and CS 23 amdt 5, the notion of minimum flight crew does no longer ajgetetinition is

left to the applicant decision and ability to show complianoethis sense, for SPO scenario become a
reality, it will be necessary to work on these two aspects, for example by: decreasing pilot workload
and flight deck complexity, ineasing aircraft surveillance capacity, and facilitating collaborative work
and information sharing between the aircraft, airaffic control, and ground crews; are some
considerations extracted frorf16].

- G5SONBFrasS LAt2d g2Ny}t2FR o6& GF1Ay3 O2y(iNRt
communication and avigation tasks using Next Generation Flight Management System (NG
FMS); system monitoring through Integrated Vehicle Health Mangent (IVHM) and Avionics
Based Integrity Augmentation (ABIA) systems, with the capability to issue cautions and
warnings to he pilot when required and the ability to temporarily assume control authority in
0KS S@Syid 2F LME.20 AyOF LI OAGEFGA2Y ®E

- 45SONBIasS FtAaA3aKiE RSO1 02 Y Llutéiatkditdsks dryahiged it KS Ay
different levels. This can be achieved by the use of adaptive interfaces which suggest
appropriate atomation modes based on task complexity and pilot workload; or using aural,
visual and haptic alerts triggered by priority 38 A R LA f 2 16102 Yy FdzA A 2y d¢

- oLy ONEBI asSirvellahdedaaphciylthrough advanced avionics systems including: a
surveillance system which ensures autonomous separation assuranambisghn avoidance
(SA&CA) in noenontrolled and controlled airspacfl4]; a weather survilance system,
augmented by ground forecasts from an -giound data link and autonomous
strategic/tactical rereroud Ay 3 YR O2y[EE.AOG NBazf dziA2y oé

- aClFOAtAGIGS O 2firfformatMshaiing @igh thé grolipd statyon through: a
combination of direct Radihineof-Sight (RLOS) and beyoRddicLineof-Sight (BRLOS) air
to-ground communication channels between ground crew and ATCo, supplemented by
groundto-ground channels foredundancy and load balancing; secure, reliable data links with
variable bandwidth and latency performances depegdon available timeframe and task
NBIjdANBYSYGAT GNIYAFSNNIE 2F O2y (I NRf [16].dzi K2 NX

- Adaptive systems: several studi¢t7],[18] argue that while higér levels of automation are
required to support future operations, the nature of automation needs to be-gsetric and
adaptive to the needsf the human user. Thus, these systems should be able to assess the
context and needs of the user based on passivimplicit inputs, dynamically reconfiguring
itself to provide the required support.

The reviewed literature highlights that SPO will movehe pilot monitoring the systems controlled
by an Al algorithm and coordinating some tasks with the groundaipes. Currently, both pilots
require constant communication between them. However, within this context, most of the
interactions on the flightdeck are between a human and a written software. This does not wholly
cancel the need for Crew Resource Managetif€RM) since, in addition to the coordination between
the pilot and air traffic control, ground crews, and potentially other aircraft; thewest still be an
interaction between the pilot and Al controlling the flight. This comes in the form of humahingac
teaming (HMT).

e This projet has received funding from the Clean Sky 2 Jdmdertaking (JU 20
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The HMT must be designed in such a way to achieve results comparable to those observed in a
successful CRM. This meansttilsame human factors and key ergonomic elements should be
considered for system design, such as: facility ofliear and remembering key functions, efficiency

and intuitiveness of using automated functions, and avoidance/reduction ofipitiitced errorsThus,

the Al system would need to learn, communicate, and correct deviations like a second crewmember
would do.

4.2.2.Main challenges

Once the main requirements that must be considered for the SPO scenario have been identified, some
considerations of the chaliges that must be addressed in order to implement this concept of
operation are shown beloextracted from[13]):

A. Operational concepts

G5AA0NROdzIAZY 27T -ia-godkpitfadd gound &éwgrglSpjlot redburca
management, communication procedures and processes, as well as m@iot/taining
requirements are important issues. Two conceptually different, but complementary
operational concepts are considered herein, in addition to the curdayt two-crew
complement:

a) Reduced Crew Operations (RCO):

In RCO, two human pilots are-board the aircraft. However, during the cruise phase of flight,
only one pilot is actively engaged in flying the aircraft. The resting pilot may, in fact, leave the
cockpit or may be seated in their cockpit seat.

b) Single Pilot Operations (SPO):

The onlypilot on-board the aircraft serves as the captain and pitetommand (PIC), making
all decisions and performing actions pertaining to command of the flight. Ireteat that
assistance is needed, a ground operator may be linked to the cockpit vid dajyaéink, video,

' YRk 2 NJ13)J RA 2 ®¢

B. Remote pilot assistance

aLd A& | aadmeSRschédGled) perdidd sifiport from a ground operator is a

necessary condition for SPO. Thus, a ground operedor handle multiple flights, and if

dedicated support is necessary, dedicated assistants can be provided. This concept raises the
issues caused by the lack of ialtsituational awareness (SA) of a ground operator, when
specialized assistance is requaktdhe conclusions ¢19] highlight that, with appropriate

displays, ground operators were able to provide immediate assistance, even if they had
minimal SA prioto getting a request during #route scenarios. The design of the ground

station, the infomation, and the security and content of the datalink as well as the expertise

of the ground operator are critical issues. NASA has been conducting research ite rem

LAt 20 FaaAradlyOSs RS@GSt2LAYy3 O NR 2 dzi pe2 LISNI G A
5A&LI GOKSNEOD FYR Y2480 AYLRNIFydfes SELX 2NRAy3
GKS GlraiAay3a YR NBRdAzOS GRS 62N f2FR (G2 &l FS¢ ¢

C. Pilot Incapacitation
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In-flight medical incapacitation is defined as a condition in which a flight crewmember was
unable to perform any flight duties and impairment as a condition in which a crewmember
could gerform limited flight duties, even though performance may have been degriz@d

TKdza 2 G KS YSI & dzNEB Y S-phigsioldgical stéteSandliderttifeah Qfzadvekee OK 2
human physical and cognitive impairment will be crucial technology for RCO/SPO. The
development of psychghysiological measures, fatigue and state identificatechnologies

are ongoing[21] to meet the challenges of:

a) Developing sensor suites with appropriate data fusion methods since the resutlate
suggest that multiple sensor modalities are needed for most classifications.

b) Creating measurement and identification technologies that are robust and reliable enough
to match the appropriate performance standards of nowadays onboard avioniesrsyéte.,
FAA Advisory Circular AG2309).

c) Meeting these technology goals while simultaneously not -eneumbering the pilot,
interfering with their operations on the §ht deck, or violating privacy concerns.

D. Increasingly autonomous systen{tAS)

GbSg Fdziz2aYFGA2Y 2NJ Y2NB FLXWiftex L!{X Ydzaid LISNJ
that the second pilot in RCO/SPO flight would normally do. This does not necessaily m
relegating the RCO or SPO pilot to the pitainitoring role; the roles andunctions for IAS

must be tailored to the operation and the needs of the human. IAS are envisioned as intelligent
machines (hardware and software systems) seamlessly integvatbdhumans, whereby task
performance of the combined system is significagtigater than the individual components.

IAS utilize machine learning concepts and cognitive computing algorithms to perform functions
without explicitly being programmed. Thesgstems have the ability to modify and adapt their

behaviour in response to #ir external environment and conditions. Nevertheless, these IAS

are also designed using humantonomy and automation interaction teaming principals. IAS,

if properly designedgan replicate and in fact should enhance safety and reliaf@2&y (e.g.,

provide the ability to adapt to changing patterns and preferences; remain vigilant at all times;

tailor automation actions to specific circumstances/add flexibility; increase situation
awareness by contexdensiive information; monitor human actions and alert or intervene to
LINE@SY G SNNBNET AYLINROGS |dzi2YFGA2y @3t AdGe O:z

E. Technical and Communications

Since SPO will irease airground communications anignpact in the actuaCRM paradigm

for both normal and abnormal conditions, it will be necessary to face these technical
challengedy developingHigh bandwidtrandlow latency communications (liref-sight and
beyondline-of-sight data links for aito-air, airto-ground as well as grouAm-ground
systems), autonomous navigatiaystems(flight planning, management, negotiation and
validation), autonomous surveill@esystemgsenseand-avoid, health monitoringlas wel as,
adaptive automation and interfaces for pilahdground crew

F. Safety

e This projet has received funding from the Clean Sky 2 Jdmdertaking (JU 22
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Increase system integrity and performance, as well as assess the impact of higher levels of
automation on flight safety andpgcify incapacitation procedures. Developing an Intezpa
Vehicle Health Management (IVHM) subsystem to monitor aircraft systems, providing
appropriate updates, warnings or alerts; or increasing aircraft surveillance capacity to ensure
autonomous separadin assurance and collision avoidance, would be somésgodollow.

By creating these associated technologies and ensuring the proper haotanomy teaming,

the unique abilities of intelligent machines and humans are leveraged to create levels of safety
and performance above and beyond that each one coutiple individually. Such a systems
may be especially suited during @fdminal events or in conditions where less experienced or
non-expert operators are involved.

G. Human factor

Develop automation tool# order to achieve HMT, by assessing pilot workloaaintaining

IANRdzy R 2LISNI (2N FyR LIAf23GQa apidi adapasitatign; € | g |
developing new CRM procedures for interactions between the pilot and ground operator,
building aubmation trust, as well as designing appropriate hurmaachine interfaces and
interactions.

4.3. Tasks allocation for SPO

This section presents a concept of operation for the SPO scenario, as well as some suggestions for
function and task allocation among the@&aft crew and ground operators, which summaries ladl t
approaches analysed in the literature.

Implementation of SPO involves a transition from the current paradigm of a Captain, First Officer, and
Dispatcher team using conventional automation toolsataew paradigm of a Captain and Ground
Operator teammteracting with advanced humagentred automation tools, which results in changes

in the operational mode as well as in the responsibilities of relevant personnel.

This new paradigm requires an evoartiof the system in aircraft management centres, givisg to

an evolution of the current Airline Operational Centre Operator (AOCO) role, as well as, the
reallocation or introduction of new tasks and jobs such as the Ground Operator (GO) role, which is
analogous to that of a Remotely Piloted Aircraft Sys(RRAS) ground operator.

In[19] is proposed a scenario in which the AOCO assists the pilot with strategic tasks such as dispatch,
optimal route planning and coordination with ATCo while the GO asHist pilot with tactical or
emergency tasks such asn@uting and conflict resolution. In case of PF incapacitation, the GO will
perform duties similar to those of a RPAS operator executing an emergency mission egress (i.e., landing
in minimum time) andthe associated landing procedure in-caination with the ATCoFigure2
compares the tasks carried out by the pilots and ground operators under normal conditionsvwaith

pilots, as well as in SPO and in the case of RPAS.
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— —
Two-pilot Single-pilot RPAS
operations operations operations
Aviate Aviate Mission planning and plishment
F = Monitor aircraft, traffic and weather status «  Monitor aircraft, traffic and weather status +  Check all relevant information to create and
L Manually fly the aircraft Manually fly the aircraft validate the mission plan
Configure the autopilot to Configure the autopilot to +  Check for any deviations in the executed
I assist/supplement the pilot in attaining the assist/supplement the pilot in attaining the mission plan and perform corrections
G desired flight profile desired flight profile +  Monitor compliance with the applicable
H required navigation performance
Navigate Navigate
T «  Monitor the aircraft state «  Monitor the aircraft states Communicate and coordinate with ATCO
Select and tune applicable navigation Select and tune applicable navigation +  Monitor compliance with the applicable
C modes modes required communication performance
Menitor compliance with the applicable Monitor compliance with the applicable
R required navigation performance required navigation performance Manage
E Process and resclve any identified Process and resolve any identified conflicts +  Monitor the system state
w conflicts +  Monitor compliance with the applicable
Communicate and coordinate with the ATCO required surveillance performance
Communicate and coordinate with ATCO and the ground flight crew +  Detect system failures
and other flight crew members Monitor compliance with the applicable + Manage the aircraft to avoid any sensor
Monitor compliance with the applicable required communication performance degradations or losses based on predictive
G required communication performance cautions
R Manage
Manage +  Monitor the system state
0 = Monitor the system state Monitor compliance with the applicable
U Monitor compliance with the applicable required surveillance performance
N required surveillance performance Detect system failures
Detect system failures Process declarations of emergency
D Process declarations of emergency
c Reduce the workload of the on-board pilot
in extreme situations (e.g., turbulent
R weather conditions)
E Support the approach phase in case of
w blind landing
Take over the on-board pilot's responsibility
in the event of incapacitation

Figure2. Piloting task analys[46].

A first analysis of the concept of operations for SPO is introducgBhywhere it is exposed that the
roles/responsibilities, tools, procedures, etc. will depend in part on the nature of the operating
condition. This article proposes a taxononfyigure3~ o6l &SR 2y (KS LIAf203Qa
behavioural condition (normal vs. incapacitated) and flight condition (nominal vweoaifnal). It is

Yy20SR GKIF G GKSA ZSNNONBRemwMasTactors affecyhi theliflight other than the
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Flight Condition
Nominal Off-Nominal

Normal

Pilot
Condition

Incapacitated

Figure3. A taxonomy of operating conditions for SEZ3].

As the taxonomy aadition (TG progresses from 1 to 4, the operating conditions become more
challenging, and the requirements for safe implementation of SPO become more complex. For
example, in T€1, there may not be much need for ground operator assistance; the cockpitraation

could provide most of the assistance needed by the capt@inl €4 the ground operator, acting as
captain, may need assistance from other ground operators to land the air€ratissue will be a key
driver in order to lay out the safety, relidity and edundancy technologically requirements for cockpit
automation, remote flightcontrol tools for the ground operator, and air/ground data links.
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In the following subsections, the concept of operation system architecture for SPO scenario will be
discussed imepth. It has been differentiated in two large blocks. The first bléck J) focuses on the

tasks performed by humans and the second ode3.Q) address the advanced humaentred
automaton tools mentioned before and introduce the concept of Virtual Pilot Assistant (MPch

is discussed on section 8

4.3.1.HumanOperations

This subsection summarizes some considerations for function allocation among the human operators
on the aircraft andground, discussed if23]. In the following lines, characteristics of functions
performed by the captain and ground operators are describki; includes options for organization
structures for ground operators. The material presented in this section is not intended to bé an a
encompassing treatment of RSO/SPO options for function allocation among human operators; its
scope is limited to theptions being considered by NASA in its ongoing developmentoheept of
operationsfor SPO.

4.3.1.1. Captain

G¢KS OF LIi I Ay oimaked régardiri zhg flight nmis&§dd, AasdA(according to procedures)

calls on automation and ground operator assetsd¢o@nplish this mission. Thus, unless incapacitated,

she/he serves as the pilin-command (PIC), making all decisions pertaining to canthof the flight.

¢KS OFLIWIFAYyQa YIFAYy G(GlF&al1a FNB (2 YIlylFr3S NRA&]l YR

Under SPO smnario, the fundamental command/leadership role of the captain will not change, but

the individual tasks and duties of the Captain walilhnge significantly. The captain will likely take on

some of the conventional Pilot Flying (PF) and Pilot Not FlyME) (Buties, while other PF and PNF

duties are allocated to the automation or the ground operators. The characteristics of the resources
available to the captain will also be quite different, e.g., no first officer in cockpit, expanded menu of
resources avidable from ground operators, new/advanced automation available in the cockpit. With

this change in function allocation,anew CRMmadél t £ t A1 St & 0 S[28l51j dzA NER dzy/

4.3.1.2. Ground Operators

GLY OdzZNNBy G 2LISNI GA2yas Tt A3IKGIBAIrNBPSRSCemdl2 dzy R
(AOC)Figure4 depicts key positions in a typical AOC, which is supervised by an operati@ayer.

There are various AOC teams that provégecialized services, e.g., dispatch, ATC coordination, crew
scheduling, maintenance operations, customer service, and weather operations. It is anticipated that
SPO would primarily affect the functions bgtdispatch operations, with limited impact orher AOC

services.
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Conventional Operations Single Pilot Operations
s Ground
Dispatchers
Operators

Ty e

Meteorologists Other Positions

Figure4. Representative layousf AOJ23].

In current operations, each dispatcher serves around 20 aircraft that are in various phases of flight at
different locations around the country or even the world. A signifidait Ni 2 F G KS RA&LJ G C
lies in the preflight phase, where the dispater consults with the captain and uses various AOC tools

to develop a flight plan (e.g., routing, cruise altitude, airspeed), determine fuel loading, meet weight

and balance regirements, and ensure compliance with the minimum equipment list (MEL). Afeer t

dispatcher and captain sign the flight release, the dispatch functions transition to flight monitoring and
serving as a conduit for information between the aircraft and oth@C operations. The dispatcher

also plays an active role supporting the cotlkgew during offnominal conditions such as aircraft

equipment malfunctions, diversions to a different destination airport, and large (> 100 nmi) changes

in routing. Dispatcher generally serve their flights all the way from {ilight planning to gate aival.

In SPO, certified dispatchers become ground operators Egare4) who collectively perform
conventional dispatch functions as well as pilgtsupport fundbns, although each ground operator
may not necessarily perform both functions. Ground operator teams will collectively perform the
following three core functions: (1) Conventional Dispatch of multiple aircraft; (2) Distributed Piloting
support of multiple nominal aircraft; (3) Dedicated Piloting support of a singlenofhinal aircraft.

TheConventional Dispatcliunction has been described above.

TheDistributed Pilotingfunction corresponds to basic/routine piloting support tasks sucheasding

a checkkt, conducting crosshecks, diagnosing an aircraft system caution light, etc. It is presumed
that a single ground operator can provide such services to multiple aircraft because thesegeon

and relatively brief tasks can be priorittzand executedequentially, and that little or no specialized
training would be required if the distributed piloting function was performed by a dispatcher who has
been certified for the aircraft type. This function would be applicable only to nominetasir
correspading to Taxonomy Condition 1 definedrigure3.

TheDedicated Pilotingfunction corresponds to sustained oma-one piloting support requested by

the captain undehighworkload or challenging cfiominal operatng conditions such as an engine

fire, cabin depressurization, or diversion to an alternate airport due to low fuel and/or bad weather,

etc. This function is also applicable to situations where the groundadpehas to take command of

an aircraft whose gatain has become incapacitated. The tasks associated with this function may
AyOf dzZRS FteAy3d GKS ANODNIFOZ Sead>x NBY23GS YIyAaLd
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for route amendments,orre® i S Y I yA LIz F GA2Y 2 F PanklSICP)¥oNgedingr i Q &
speed/altitude/heading commands to the autopilot. The Dedicated Piloting function would be
applicable to Taxonomy Conditions 2, 3, and 4 defindeignre3. The skills and training required to
perform the ckdicated piloting support function are essentially the same as those of a conventional
pilot. One possibility is a rotating schedule whereilatgs scheduled for several weeks of airborne
(cockpit) assignments followed by a week of ground (AOC) assigainitowever, depending on the

ground operator unit structure employedde Figureb), the pilot may need additional training in
RAALI GOK PRIISNI A2y a dé

Although safe operation is the primary concern, another point to consider in order to develop a
structure for organised ground operations, are the operating costs. Some of ttuetdactors are:
number of ground operators relative to the number of aircraft they can safely support
training/qualification requirements for those ground operatptise nunmber of ground stations that
require complex and reliable (and hence expense@)ipment such as that required to remotely
O2y (i NRt |y -pgath MIhkIthE GaRtaxt2B]prapdsé dvo ground operator organization
structures of interesthybrid ground operator unit(where all operators can perform any task) and
specialist ground operator unifwhere each operator performs a specific tasidpich aredescribed
below and illustrated irFigure5. These ground operator organizatictructures have éen selected

by NASA, based on subject matter expert opinion, for evaluation in an upcoming hosteloop
evaluation.

Supervisor
Hybrid Ground
Operators Hybrid Ground
Operator Unit

.
e
.
-

~
o

Dedicated piloting support
of one off-nominal aircraft

Conventional dispatch | »/51GE E TR el
of multiple aircraft of multiple nominal aircraft

\

Supervisor

Ground

Ground Pilots

Associates

Specialist Ground
Operator Unit

Figure5. Examples of ground operator unit structurf@s.

4.3.1.2.1. Hybrid Ground Operator Unit

din thisorganizational unit, each hybrgtound operator (HGO) is trained and certified to perform all
three core functions: Conventional Dispatch tasisswell as Distributed Piloting and Dedicated Piloting
support tasks. Each HGO generally serves multipletdlistbm preflight planning to gte arrival.
However, iffwhen one of these flights encounters an-diminal condition that requires dedicated
ddzLILI2 NI GKS 20KSNJ FANDNI TG FINB KIFIYRSR 2FF (2
supervisor. Tase handoffs will require someibfing given that most dispatch operators monitor and
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aircraft from preplanning to gate arrival. A more extensive briefing will be required if the involved
aircraft needs special handling instructions. The HGO then prowvitesn-one support to the off
nominal aircraft, calling upon other AOC positions (e.g., maintenance advisors) as necessary. After the
off-nominal situation is satisfactorily resolved, the aircraft previously handed off by this HGO are
returned to him/herif they have not already landed]23]

4.3.1.2.2. Specialist Groud Operator Unit

GLY GKAA 2NBFYATFGA2Y I f dzyAdTX GKSNB FNB Gé2 Ge&LIS
certified to perform tasks associated with Conventional Dispatch and Distributed Piloting support for
nominal aircraft. Ground Pilots (GPare trained and certified to perform tasks associated with
Dedicated Piloting support for effominal aircraft. There would be many more GAs than GPs in these

units.

Each GA generally serves multiple flights fromffight planning to gate arrival. Haver, if/when one

of these flights encounters an affominal condition that requires dedicated support that aircraft is
handed off to a GP identified by a supervisor. Prior to the handoff, the GP may be on standby or
performing collateral duties and wouldeed a handoff briefing from the GA who was serving the off
nominal aircraft. The GP provides eor-one support to the ofinominal aircraft. The GA maintains

general situational awareness of the-oibminal flight in casehte GP requires dispatch supportany

other AOC support. After the aeffominal situation is satisfactorily resolved, the GP returns the aircraft

OAFT Al KlFa y2d4 | fNH2Re fFyRSR0O o6F0] G2 GKS D! o¢

4.3.1.2.3. Harbour Pilot

G! KFEND2dzNJ LIAE 20 Aa | G& LS »fh hydrdBrzgrR spRdaising ( 2 NJ & ¢
(or any other type of ground operator unit). The function of a harbour pilot is similar to current practice

in maritime operations. For example, there could be a harbour pilot with comprehensive knowledge

of the Metropex airspace in a concrete zorigach harbour pilot provides distributed piloting support

to individual nominal aircraft as they climb and descend through a complex terminal area airspace.

This could reduce the workload of other positions in the ground-afee units, enabling each po&in

02 &adzLL2 NI [¥3@ NBE | ANDNIF T ¢

4.3.2.HumanAutomation function allocation

This section presents some considerations for allocating functions between human operators and
automation in SPO scenario. As mention before, in SPO the captain (in the cockpit) and ground
operators (in aperations support centre), working as a team| imtleract with advanced automation

tools (located on the cockpit and in a ground station) to maintain flight safety and efficiency. Some of
the simplest functions currently performed by a human pilot tmwa-person cockpit, such as reading
checklists anatonducting crosshecks, are good candidates for automation, although such systems
will have to possess some of the same characteristics as the operator they are replacing. Highly
complex functions, suchs formulating options to address challengingmdminal flight conditions,

are likely best suited to human cognition given the current state of automation sophistication and
reliability. Other functions could be performed by humans assisted by varivats lef automation.
Higher levels of automation wijenerally require fewer human ground operators to service a given
fleet of aircraft. It is likely that there will be a progression, along the SPO implementation timeline,
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from a larger ground operator coplement using lower levels of automation to a shlaalground
operator complement using higher levels of automation.

Many previous researcheACROSH)1] and (ALIAS)7], suggest that this new human centred

advanced automationdols should incorporate knowledg®ased caphilities as well as cognitive and

I RFLIGADGS AYOGSNFIOSa (2 YAGAILGS LAE20Qa g2N]f 2 R
are essential for the introduction of SPO. Considering both, the SP&moof operations and the

evolving regulatoy framework for conventional, general aviation and unmanned operations, the

system architecture for a certifiable Virtual Pilot Assistant (VPA) is proposed in several studies, as a key

to enable the implementatin of SPO for commercial airliners. The V& knowledgdased system,

which reduces singipilot workload in the cockpit through increased system autonomy and closer
collaboration with the ground component.

In the following subsection it is summarizéte approach carried ouby [16], whichdiscusses the
integration of Communications, Navigation and Surveillance (CNS) systems with the VPA and
introduces the concept of a novel cognitieiman Machine Interface (CHM24], which provides a

reaki AYS SaidAYlFrGAz2y 2F (KS LAf ya@iaskabayn 6 A 39S adl aS

4.4. Certification and Nomative

There are naperational regulations allowin§PO forcommercial aviation at thigpoint. However,
there is ample literature covering conventional tpdot operations, GA SPO as well as remotely
piloted aircraft systems (RPAS), which can be asswanelde basis for the development of commercial
SPO certification standards.

In terms ofairworthinesscertification standards, currerfturopean andrederal Aviation Regulations
(CSFAR Parts 25 in particular CSFAR 25.1523 and Appendixdd not explcitly exclude SPO.
According to them, the criteria for deciding minimum flight crew are based on pilot workload and flight
safety when a pilot is incapacitated; to achieve certification, SPO neeslsoiv that pilot workload
remains at an acceptable levdlring normal/emergency operations, and that pilot incapacitation
does not compromise flight safety.

Unlike airworthiness, the operational requirements for commercial air transport described iBUWhe
Air OPS (EU) 965/2012 Part GRE200 as well as in FA121.385(c), require a minimum of two pilots
for commercial operationsWhereas ICAO standards for air operators i.e. Anneg ®.1 on
Composition of the Flight and 9.4.5 on Single pilot Operatiowier the IFR or at Night do not explicitly
require Two fots for Commercial Air Transportation and do not limit the single pilot operations under
IFR to turboprops with less than 9 passenger seats

The following section provides a review of currenttdigations extracted from[16]. Within this

review, Acceptable Means of Compliance (AMC), Guidance Materials (GM) and recommended
practices applicable to SPO are presented. The mat&riaourced from national/international
organizations suchs the International Civil Aviation Organization (ICAO), Federal Aviation Authority
(FAA), European Aviation Safety Agency (EASA), Civil Aviation Authorities (CAA) from Australia, the UK
and New Zeland, the US Department of Defence (DOD) and the Institnt®efense Analyses (IDA).
References are also made to standards from Aeronautical Radio Incorporated (ARINC), American
Society of the International Association for Testing and Materials (AS@Mp Rechnical Commission

for Aeronautics (RTCA), SocietyAutomotive Engineers (SAE), and NATO Standardization Agreements
(STANAGS).
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GC2NJ {thX GKS YIFIAY 3JdzARStAySa FT2NJ ONBg NBALRYAA:
(before amdt 5 & ardt 64 respectively), EU Air OPS Annex VIIFFR@ (Speali Operations), Subpart

A (SPO.GEN.105/106/10BASA's AMC/GM to Annex lll provides additional guidelines for SPO
personnel (SPO.100), higisk commercial operations (SP0O.110) and CRM traifiag115). ICAO

Annex 1, Section 2.1.3 provides recommendaditor class and type ratings for singléot aircraft. EU

Air OPS Part ORO.FC.202 provides requirements for-pilwjleperations under IFR or at night.

Section 911 to 917 of FAAH-80839A gves an overview of Singfg#lot Resource Management (SRM);

FAA AC 9I3Bprovides guidelines for taxi procedures for Part 91 and 135 SPO; CASA EX43/11 provides
an exemption for SPO in Cessnha 550/560 aircraft along with accompanying requirements and
conditions; CAA AC 911 is an advisory circular for SPO unddR® Hales containing the relevant
checklists, CRM guidelines, and outline of a typical SPO flight; CAA Standards Document 14 provides
guidance for the required skill tests and proficiency cheokihié certification and licensing of SPO
aircraft.

9 Technical Apects

Technical considerations capture the requirements and recommendations for the design and
development of CNS systems. There are no specific technical requirements unique to SPO iat this po
although some are embedded into twmlot requirements (eg., EASA Annex VI, SPO.IDE.A.126, FAA
AC 91100(0) Sect. 6). Thus, some Requirements from-flat operation, as well as references
covering aspects of the Command and Control (C2) linlsanskeand-avoid functionalities from RPAS
have been consideredelevant for SPO scenario.

For twaopilot aircraft, the requirements for system design and installation are given under FAR 25,

along with the communication (RTCAR288, ICAO 9869 AN/62), naaiipn (ICAO 9613 AN/937) and
surveillance (RTCA EX89, ICAO Z24) system requirements. For RPAS technical requirements,
NEFSNBEYyOSa IINB YIRS (G2 020K OA@GAf YR YAfAGENE F
Manual of RPAS makes techniedommendations for communications, surveillance and C2 system
WHw!{ 5dan O2@0SNE (GKS NBIdZANBR /H tAYy]l LSNF2NXIY
technical requirements for integrating UAS into the civil airspd28], including ground
based/airborne sense and avoid, as well as C2 andoipégability requirements; these are expected

to be (or have already been) captured BHuropean Technical Standard Orders (ETé8@) RTCA
Minimum Operational Performance Standar@4OPS) referenced in its Appendix. CAP 722 provides
some guidance on systeautonomy, as well as sensad-avoid. Military regulations for unmanned
aeaisSya NP ALISOATASR AY bl!¢hQa {¢!b!'D npyc |
the former defifd G KS AYGSNBLISNIoAftAGE FYyR | alL bl dzA
Environment while the latter recommends research areas to achieve greater interoperability.

y
N

bj) puli

\

I Safety Aspects

While there are no specific safety guidelines for SPO, the necagspryements are similar to (and

can be derived from) twgilot and RPAS @pations. The safety requirements for system design are
extracted from CS/FAR 25.1309 and the corresponding EASA AMC and FAA Advisor25Cird0ar

on showing compliance witlail-safe design. SAE provides Aerospace Recommended Practices for the
develgoment and design (ARF754A) and safety assessment (ARB1) of avionics systems. JARUS
AMC RPAS.1309 provides a means of compliance for the safety and risk assessment Gft&R#&,S sy
also making reference to ARIF54A, ARR761 and CAR22. EUROCAE -BRO accompanies
RPAS.1309 and presents the safety objectives, risk assessment approach and guiding principles for
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safety/risk assessment. CAP 722 Section 4, Chapter 4 offersoadtiguidance for general safety
assessment, and ICAO 10019 AN/507 ChapteroVides guidelines for safety management in the
operational context

 Human Factors Aspects

The human factors considerations provide a framework for interface and interactiogndessistem
behaviour, crew resource management (CRM) and humaaohine teamig. FAA TQ@3/44 is a recent

report by the FAA, comprehensively addressing the human factors considerations on the flight deck.

These include the design and evaluation of: disdlaynats; the organization and content of
information elements; visual and aiidry alerting, control/input devices; design philosophy and
function; error management, prevention, detection and recovery; workload and automation.
WS dANBYSYGaiaNBt ERADEaAGEYaLYER Sl dzA LbasSheé foundl 2 NJ
inCHFAR 25.1302 Yy R JdzA RIF yOS Yl GSNRALIFE 2y aiGKS RS&aAdy
0SKIF@A2dz2NE |yR aeadasSy AyaSaNridiazyszs a ¢Sttt I a
EASA AMC and FAA AC 25.13BRINC 837 goes into deta@garding desigguidelines for cabin HMI.

The SPO publications in this area are related to SpitgfeResource Management (SRM) in-&wraft

(CAAP 5.59(0)). For RPAS, CAP 722 provides an overview of the human factors issue in design,

production, opeations and maitenance. STANAG 4586, Appendix B3 provides the HMI requirements

for interoperability within NATO operations, and Chapter 10 of the DOD Unmanned Systems Roadmap

(11-S3613) provides a discussion of past, present and future requirements adifttimachine teanng
GAGK | dzi2y2VY®Hza aeadsSyvyaosg
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5. Human Factors

Human are good at reasoning, interpretation and problem solving. Unlike machines, they are able to
adapt to new problemsor which norules or procedures already exists. However, they are prone to
well-known limitations with regards to information processing. Humans can remember a limited
number of information and have difficulties to perceive changes in their environmaata limited
detection and vigilance capabilitiz6] .

For decades, in order to address those limitations, automation has been integrated in complex
systems. In the cockpithé first autopilot has been introduced in 1912, contextual alarms and modern
flight management system where integrated in eighties. Since then, automation has been the only
answer to flight management and human computer interaction in the cockpit. The dnaivback of

this approach is that automation do more than simplify tasks for pilbtso changes the nature of

their tasksand can lead to the out of the loop syndrome described by Endsley & Jofe4 as a
Situation Awareness enemy with Requisite Memory Trap, Workload, Anxiety, Fatigue, Data Overload,
Misplaced Salience, Complexity Creep, Errant Mental Models.

The HARVIS project aims at considering also the Human Factors aspects of the introdudligitaif a
assistant in future cockpit. To do this, sortfeoretical and methodological framework will be
applied:

I Look for the correct balance between humans and machines, selecting the right tasks to
automate and the right level of automation, paragraph.

1 Select the most appropriate level of automation considering the impact on safety and
performance, paragraph.2.

I Understand which Human Factors will be most impacted in the new scenario, pardg8ph

I Associate combination of Human Fadde.g. specific levels of workload, attention, stress) to
Human performance, paragrajih4.

These frameworks form the basis on which the Husviachine partnerstp corcept will be built on
(in Deliverable D2-HumanMachine Interface and Envelope)

5.1. The interaction between automation and humans

As postulated in research ®heridan & Verplanci [28] automation is not atbr-nothing, that is,
automation is not only a matter of either automating a task entirelypai; but to decide on what task
to automate andon the extent it should be automated.

In fact, dfferent tasks involve the use of different psychomotor and cognitive functions, which in turn
implies the adoption of different automation solutiorfsor exanple, expanding human capabilities to
monitor a @rtain process (e.g. a Remote Tower) is not the same as replacing the human in the
execution of a certain action (e.g. the aircraft almi@king system). Similarly supporting the analysis
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of a complex datasesuch as that involved in predicting the ridladraffic conflict, is not the same as
identifying the best solution to resolve the conflict.

Automation thenis not seen to replace operators but to empower them and to improve the overall
performance of gstemsas clearly defineth [29] the research network on Higher Automation Levels

in Aviation (HALA® ¢ KA a | LILINRIF OK Aa AAYAfIFN) G2 G4KS 2yS
large civil aircraft was reduced from three to twgadding sophisticated Flight Management Systems
(FMS)30].

However, it is important to design this automation very carefully taking into accourglémentsof
Complex adaptive sockechnical system@CAS)As clearly pointed out by Lisa Bainbridgen [31]
automation malfunctions end up most of the time in the hands of operators that weeeigely
supported with automation as their tasks were too complex or tosorgce consuming. Moreover,
introducing higher level of automation requires (beyond design issues) an evaluation of the impact
which the new technology may have on edtASart (operator, computing system and organisation)
such agasks migratn and/or unctions allocatiorj32].

On the topright side ofFigure, Air Traffic Controllers communicate with pilatia datalink or transfer
aircraft interacting on the electronic labels of the aircraft on the radar screen instead of using paper
strips and communicating by voice ushigry High Frequenayedium.

Similarly, on the airborne side (lower part Bfgure6), glass cockpitd33] provide a means for
integrating information to support pilots activities while this information was previously distributed
amongst multiple displays throughout the cockpit.

In both cases, task migration and/or fummns allocation require that humans improve their
knowledge, ¢arn how to interact and collaborate with the new technology for accomplishing tasks.
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*  Stripless
An Air Traffic Control Centre in 1987 *  AMAN/DMAN information
¢ Controller—pilot data link communications (CPDLC)

Airbus A350 uses interchangeable multifunction displays
that allow the pilots to see a variety of flight and other
information systems parameters

Cabin of an old military C130 presents a large amount of
analogic instruments

Figure6: The enhancement of integrated automation support in ATCs and cock@tgime

In automded systemsfunction allocation[34] between human ad machine has always been a point

2F O2y(iNROSNBRE® Ly GKS O2yGSEG 2F tdzi2YlFdA2y>
human or machine) that is best suited (based on some continuum of parameterdygferform the

function. The basis for gtion and grading of such parameters is at the heart of the issue of function
allocation and has been subject to much investigation over the years

The selection of the HARVIS solutiaill be based on the seldéoh of the right tasks to be automated
(considering the future scenario described in the previous paragraphs) and a framework that considers
the pros and cons of the delegation of them to the machine, looking for a safe and efficient balance.
Such a framewark has been already be applied in prevddaU funded projects (NINA, STRESS) and is
described in the next paragraph.

5.2. Levels of automation taxonomy

The approach proposed by Fitts with M&n are best at Machines are best at (MABMABA) list
[35], relied on the idea that, given a set of fde-existing tasks, one should decide which ones are
worth automating, considering the strengths and weaknesses @e@s/ely humans and machines.
Althoughthis approach is now deemed outdated, there is still limited awareness of the fact that
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introducing automation brings qualitative shifts in the way people practice, rather than mere
substitutions of preexisting huma tasks.

An initial scale of levels otitomation was proposed b$heridan & Verplandik [28] representing a
continuum of levels betweetow automation, in which the human performs the task manually, and
full automation in which the computer is fully autonomosge€Figure?).

Low 1  The computer offers no assistance, human must take all decisions and
actions
2 The computer offers a complete set of decision/action alternatives, or
3 Narrows the selection down to a few, or
4 Suggests one alternative, and
5 Executes that suggestion if the human approves, or
6  Allows the human a restricted veto time before automatic execution
7 Executes automatically, then necessarily informs the human, and
8  Informs the human only if asked, or
9  Informs the human only if it, the computer, decides to
High 10 The computer decides everythung. acts autonomously, ignores the

human

Figure7: Levels of Autoration of Decision and Action Selection by Sheridan and Verplanck

A decisive step was madte[36] by Parasuramaret al.who acknowledgd the SheridafVerplanck 10
point scale andnitroduced the idea of associating levels of automation to functigigure8). These
functions are based on a fostage malel of human information processing and can be translated into
equivalent system functions:

(1) information aquisition,

(2) information analysis,

(3) decision and action selection and

(4) action implementation.

The four functions can provide an initial categorisatior types of tasks in which automation can
support the human.

Information Information Decision Action
Acquisition Analysis Selection Implementation
Automation Automation Automation Automation
Level Level Level Level

High High High High

System B // \\

System A <

Figure8: A modd of types and levels of automation by Parasuraman et al.
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Most of the timeautomation is only partial keeping the operators in the loop so that they can forecast
what will happen next and interfere with automation in case of adverse events or automation
malfunction. The design of this cooperation requires understanding how tanical automation and
interactivity and specify how a task can be performed by assigning the generic functions to the
operator and the system in terms of function allocatiofunctian allocation cannot be based on a
consideration of the tasks only, but mustonsider the total equilibrium of a work situation
corresponding to a notion of balanced worR.he concept of equilibrium emphasises the fact that a
change in function allocationisturbs the established equilibrium. This will have consequences for the
system as a whole, and one result may be that a new equilibrium is established which differs
AAAYATFAOIylGfe FTNRY (GKS LINBGA2dza 2y Soé

Previous work on automation can be divided acaogdo three different perspectives:

1) the design perspective which dases on how to engineer the computing systems (offering
automation) and more precisely its useterface[37];

2) the evaluation perspetive which focuses on how to assess theemgbional aspects of
automation including performance impact of automation @merations[38], [39}

3) the human perspective which focuses on how to understand the role of the operators who
deal with a new technology or a differeleivel ofautomation[38], [40]

While this research work has been mostly conducted in separate fields, as the increase of automation
might come along with an increase of performance variability of the wawgiation systemespecially

in case of new automated systems, thesea need to provide an integrated view on these disjoint
researchactivities[41].

In the framewak of the SESAR Programmelevel Of Automation Taxonomy (LOAMas been
developed to classify and compare different kinds of automasiopport[40]. The LOATFigure9) is
basedon the taxonomy of Endsfe& Kaber and the principles of Parasuraman, which combines
cognitive functions and levels of automation, and on ideas from activity theory and distributed
cognition [42]. Its purpose is ta@lassify automation examples in a practicaywThe Taxonomy is
organised as a matrix. In the horizontal direction, four functions are depicted: information acquisition,
information analysis, decision and action selectiand action implementationA consequence of
having four functiong differentin naturec is that each function can be automated at different levels.

In line with this, wertically, each cognitive function groups a number of automation levels (between 5
and 8). All automation levels start with a default level 0, corresponding to ualamask
accomplishment, and increase to full automation. Automation level 1 is based on the principle that the
human is accomplishing a task with primitive external suppehich is not automation as suchAny
non-automated means that support the humanmd, e.g. using flight strips to compare parameters of
different aircraft and to preplan future traffic, could correspond to this intermediate level.

The classification oht level of automation is provided according to the concerned cognitive function.
This means that a certain technology may have different levels of automation according to whether
we look at the information acquisition (A), information analysis (B), aseimiaking (C) or action
implementation (D) fields. Examples of technologies actuded in the LOAT, to facilitate the reader

in understanding how to interpret and use the table for the classification of a techndtagyre9
presents a simplified version of the LOAT. The full version is providggpandix A
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Figure9: The LOATfrom dblue.it/projects/projectlevelsautomationtaxonomy)

The way LOAT is designed demonstrakesfollowingprinciples[40]:

T 'y 1dzi2aYFGSR aedadasSy Olyy2i KI @S 2yS W2@0SNJI f f ¢
statement about a level of automation for a system always refers to a specific function being
supported;

I One automated system can support more thanecfunction, each having a different level of
automation;

9 The description of each automation level follows the reasoning that automation is addressed
in relation to human performance, i.e. the automation beinglgsed is not just a technical
improvement lut has an impact on how the human is supported in his/her task
accomplishment.

It should be kept in mind that these generic functions are a simplification of the many components of
human information processing.he functions are not meant to be understoad a strict sequence,

but they may temporally overlap in their processing. From a practical point of view, the human may
be performing a task that involves one or several functions. However, it is usefuldoedifte the
subtleties between the functioss when one wants to identify how a specific automated system
supports the human.

5.2.1.Automation support to ATCOs and pilots tasks

Pilot and Controller tasks are not automated in the samagy [43]. Aircraft automation is sometimes
considered to be more advanced th&TC automation. This perceptias only partially true, as it
seems to disregard the nature of pilot and controller activities, at least toetktent that nonpilots

¥ ©¢2019¢{ 1 @t AFS 9y3IAAYSSNAyYy IS 9 Onivedsitd 37
" bod * Politecnica De ValenciBeep BlueAll rights reserved. Licensed to tB8&2Joint

* *

Undertaking under conditions
www.harvisproject.eu

Clean Sky - |



http://www.harvis-project.eu/
https://dblue.it/projects/project-levels-automation-taxonomy/




































































































































































































