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Abstract

The concept o8ingle Pilot Operatiarherafterreferred to as SP@n commercial aircrafhas been
considered for aolng timeasa potentialsolutionthatcanreduceairliner operatingcostsand increaseverall
efficiengy. SPOoccurs in many differertontextsof aviation today, however, for large commercial aircraft
such as the most common airliners of tqdagreased complexityand safety consideratisare the major
obstacleso overcone and demonstratthe airworthiness afuchairplanesn operation This project
exploresandevaluateshefeasibility of different SPQOalternativesandtheir possible implicatiorior new
sustainable commercial aircraftsinga product development procesdsfferent guidelines and
recommendationareconstructed which can hesedfor theimplementation oSPO in a large commercial
aircraft

These guidelineandrecommendationsonsist of different parts and can be roughly categorizedtiree

areas: generaleedsandstrategiesregulationandsocial acceptanceas well axzonfiguratiors andfunctions

Human factors are also an important component in the,wdtkkencingmany parts of the project. While

there is overlap in the content of these areas, gaining multiple perspectives on the subject of SPO provides a
more comprehensivendersandingof the subject

The general needs and strategies prowvigmrtantparameter$or the projecto which all solutions
generated relat@ he regulatiorand social acceptanaeea providsinsight into how SPQ®elates to existing
regulationand sociaperceptiorby consideringvhat possible opportunities and challenges therebath
todayandin the futureTher e p anore technical detailed pastcoveredby theconfigurationand
functionswhetre practicalelements of SPO are covered

These differenpartsare coveredhroughouthe reporin differentcontextsto provide insighténto the
feasibility of SPO.As a result of scope limitations and uncertaintiesprojectaimsto provide agood
foundationfor further workand investigatioon the subject.

Keywords: Single Pilot Operation, SPA&ircraft, Aeroplane Commercial, Aviation, Human Factors,
Automation,Risk, Safety,Flight Deck,Regulation RoadmapProduct Development
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1 Introduction

Through the yearflight crew membersvithin the flight compartmendf commercial transport aircraft &
been reducetb the general minimum of o d &onvemstional airlinersvhich is two pilotsReducing the
number of piloteeven furtheto just onesingle pilothas become a discussed topithin the industry.
Stakeholders such as authorities, airljreesl research institutes have shamterestin single pilot
operationshereafter referred to as SPO, which is a great step in totharibea becoming reality for
larger aircraft whicloffers new possibilities and challenges for aircraft manufacturais.thesis project
will investigate if and how SPO can benefitaerospace company without a legacy in the indulstrshis
section, an introduction will be given to the topic.

1.1 Background

TransitioningtowardsSPOin large commercial aircrai todaya highly debatedsubject It has the potential

to reducecosts for airlinesindenablethemto offermoredeparturedy increasing overabperational

efficiency. In asafetyorientedindustry such as aerospace, SPO has aippeoached carefully to ensure an
equal level of safety as witiwo pilot, also known as dual pilot operations which hereafter wileferned to

as DPOThe aviation industry has a strong legacy when it comes to $afeBecause of its extensive work
with certification and procedures to maintain aircraft airworthiness, it can be considered as onef@étthe sa
meansof transportation.

To succeed wittan aircraft, it has to be an attractive business option from adongperspectivevhich
makes SPO relevant to investigdfer an organizatiorwithout a legacy in the industry, such decisions can
be madewith less impact oprevious workas well asmplementingnewdesignphilosophiesand methods
which can be harder to transition towards in larger and more establishe®Bfrmgloling andevaluating
therisks and opportunitieassociated with SP@erospace organizationsybe able to decide the concept
of SPOQis feasibleand should bpursuedr not As thesubjectof SPQis alreadywell-researchefrom many
perspectivesthere isaneed fora detailedresearctprojectfor moreaccurateevaluations

Whenreferring to a large commercial aircraft, the general definition for large used in thiscepes from
the type certificates fdarge aeroplaneshich isthe most commonly used for European airliragplies to
aircraft with more than 19 passenggp More about the type certificates and other regulations will be
further explained and investigated throughout this refihit means that a large commercial aircraft can
vary a lot in sizeWorth noting however is thatSPOcan be considered especially suitable for smaller
aircraft as flight crew cost will consequbnbe a largerraction of the total flight cost allowing the SPO
transition to have a larger financial impact than it would on larger airetaftever the actual financial
benefit needs to be further analyzsdl compared to the cost of developing andlementingSPQ If the
development and implementation ctstwithstandingequivalentsafety levels for SP@s DPQoutweigh
the SPOsavings, then the business model becomes unsustainable.



Another potentiabenefit of SPOis that it increases thaperational efficiency which enables nbusiness
opportunities for the airlines. For exampfOmakes it easier to operate less popular routes in the case of
pilot shortage due to easier planning with limited pilot resources. With increased opésdticieacy, it

might also be possible to provide more frequent departures on already existing routes.

Most commercial aircrafinanufacturerss well as aviation agencies assessing thgossibilities and risks
with SPOJ[3]. Numerous indicators are suggestihgt SPO is a matter of "when" rather than "ifhis
makes itrelevantfor corporations within the industtyp evaluate SPO to remaiompetitivein the
foreseeabléuture, especially sincaircraft usually have a long time in service.

Considering the economic advantages and potential drawivactter areassuch as uncertaintf overall
feasibility, safety concerns, human factors, and regulatory challengestesearch projesarene@ssary
for determininghe feasibility ofSPQ

1.2 Aim

The aim of the thesis is to provide guidelines and recommendations to support the -tegisigprocess
and early development of SPThe recommendatiorad guidelines will be provided through a praduc
development process systematically generating different afehsonfigurationselated to the topic
Configurations refer to various types of solutions for different operational princifiese will beevaluated
on relevant aspects such as feasibility, safety, human factors, and regilatienaluation processill
assess the different solutsinom apresenperspective, with thgoal of possible implementation in the near
future.

Theformat of the guideline andrecommendatioproduced will bea set of suggestetwedsfunctions,

suitable matriceand tables as well digjuresand diagramslo complement this, a technology roadmap will
be provided, outlining a timeline for the implementatiomiffierentsolutions It will show how different
strategies and time perspectives could possibly alter which solutions are most feasible.

1.3 Project Scope

SPO is a broad topic, and investigating all related subjects would quickly exceed the given timeframe for the
prog ect . For this reason, itds important to establi
relevant areas of investigatiofs there is plenty of earlier research on SPO in general, sartier findings

from related workwill be interpeted and used in thipojectinstead of redoing similar analysisThis

interpretation will be placed in thEheoretical Frameworkection and used as a basis fresal of the

evaluations and decisions made in the project.

This project is aimed to be a product developrugignted report rather than a purely resedrased report.
This meanghatpractical and specific ideas about SPO will be evaluated and expiadiit moredetail
compared t@ome ofthe earlier research that actsadmasis for this project



While several findings in the report can be used for SPO in general for any large aioonaftnidpt not be
universal depending on given constraige general developmebnstraintin this project is toenable
both DPO and SPO from either siofethe flight deckin the same solutiowhich canpromotea smootter
transitionfrom DPO to SPOThis implies that the fundamental elements found in a traditional-igbi
layout will be used in this project as well.

The areas which will be focused on in this report are feasibility, safety, human factors, and regtlation

are directly or clodg related to the flight crew and the flight compartment/cockfghile external factors

also impact SPO such as training, operation regulation (Working schedule, routines, etc.), and the possibility
to introduce new airport technology, these will be giganore limited amount of consideration and not fully
investigatedAspects such as ethjgmlitical and public acceptance will partly beplored and evaluated in

the researcthowever, these are major fields on their owmswe consideration than whatgiven in this

project should be explored. Detailed parts for the development of SPO apecalswled if they are assumed

to be subject to high uncertainty which would not provide any result of true value at thidPstitges and

other regulatory dgsion-making processes which may impact the final solution will also be given a limited
amount of consideration as there is high uncertainty regardasgabsumptioa

In terms of feasibility, it has been decided to actively promote alternatives siothegiocesses which lower
uncertainty and makes the solution more realistic within the near future. In this way, assumptions that stretch
far in time do not necessarily favor the alterngtexen if it promotes a higher level of performantiais is

alsotrue for regulationalternativeghatchallenge regulation to a higher extent than ather efavérable,

even iftheypromise higher performance theyincreasaincertainty and decrease feasibil#ytechnology

roadmap will be provided to show hovffdrent strategies and time perspectives could alter which solutions

are most feasible over a timeline.

In terms of function and requirements in the work, new requirements for SPO will not be decided. The
reason for this is thattis necessary to obtamore detailed knowledge about the function than what can be
done at this stage to provide accurate requirements. Requirements for functions that are not explicitly
designed for SPO and already exist in aircraft today will neither be evaluated nor decidegioject.



1.4 Research Questions

After reviewing the project's contexdim and limitations four researclguestionsan becreatedwvhich
coverthe fundamentgbarts These questions widlssist in keepindhe process within the scope as well as
make sure that the relevasubjects and areas is being researched.

RQ1- Whatconfiguratiors for single pilot operationarebestsuited within given constraintsand

need?
RQ2- Whatfunctiors would supportsingle pilot operatioh
RQ3- Is single pilot operation a feasible alternative incheentenvironment?

RQ4- How could the use of a single pilot be phased into operations?

RQL1 is a questiowhich coverhow apotential solution coulgvork on the highest operational principles
with the given constraints on the projecinitludesa proposabf configurations and selection of the most
suitable one while still complying to the constraints and needs giverefprofect RQ2is related tdRQ1las

it aims to provideseverafunctionsto enablethe use of a selectezbnfiguration RQ3requires analysis of the
environment where th&olution would be implemented such as social and political acceptagoégtions,
market,and the availability of technologyhich are alrelevant for an implementation siingle pilot
operationsRQ4 requesthow single pilot operations can be phased into operatidrishis also a subject

of high relevance when it comes to novel technologies in a competitive market such as the aerospace

industry.



1.5 Glossary

Airworthinessi Defined by the MAA(Military Aviation Authority) master glossary d8 he ability of an Air
System or ther Airborne Equipment or system to be operated in flight and on the ground without significant
Hazard to Aircrew, ground crew, Passengers or to third parties; it is a technical attribute of materiel

throughout its lifecyclé [4].

AMC i Acceptable Means of Compliance

ATC i Air Traffic Control

CRM - Crew ResourceManagement

CSi Certification Specification

DPOi Dual Pilot Operation

EASAT European Aviation Safety Agency

FAA i Federal Aviation Administration

FHA'T FunctionalHazard Analysis (Someties Function Hazard Analysis)
FTAT Fault Tree Analysis

GM i Guidance Material

HMI i HumanMachinelnterface

OEPT Onboard Emergency Pilot (Defined in this report)
SOPI StandardOperatingProcedure

SPOi Single Pilot Operation



2 Theoretical Framework

The concept c68POhasbeencontinually discussed and researcti@dughoutherecent yearand

intensifies even furtheas automation technology rapidly becomes better and more accessible. There are
papers written and research being performed on the subject today and during the past couple of years. To
move forward or8PO, the initial phase of this thesis was all aboutmctating knowledge and information
about previous research and investigations. In this chapkevant information from previous research is
compiled and presented as a knowledge foundation.

2.1 SPOlIncentivesand SafetyConsiderations

There isstrongconpetition between airlines that are continuously pushing the development of aircraft and
business models teduce overhead and sunk co€se of the largest direoperatingexpenses in aviation

is the flight crew costs which can reach fractions betw@3b6% depending primarily on the size of the
aircraft [5]. This naturally makes it an industry wide interest to reduce these costs which SPO solutions
potentially can do. With the evolving industry of commercial aviation anthtnease in flights, SP€ould
alsoprovide some mitigatioto pilot shortageq6]. While SPO has been discussed and researched for a long
time, increased capabilities with automation make SPO closer to reality than evemar€hadkcators that

show that SPO is closing in on commercial aviation and that the industry is preparing for it, for example,
there is new ongoing research contracted by EASA regarding SPOs which suggests that even the regulatory
agencies see this aseal potential future with SPOs, and how they might need to revise their approval
processes for such aeroplafés

As previously stated, a main driving factor thdluencesthe development of SPO is the flight crew cost

savngs enabled by reducing themberof pilotss | t 6 s al so i mportant to consi
implementatiorand potential maintenance/reliabilitgsts of the new technology needed for making PO

reality. To this, there is also the increased cost of training pilots for using such technology in different SPO
configurationsThe significance of thesmstsis currentlyuncertain anavill depend on various factors such

as what kind of new technolpgs needed and how complex it will be for the pilot to kit@wever, the costs

will most likely not neglect the savings of SPO for commercial aviation in the londylareover, SPO

would directlybring economic benefits iin SPO solutiomith its relate technology, trainingand

operational coswith a significant reductiom flight crew cos{8].

As a large fraction of the cost is being allocated to the flight crew, implementing SPO thus becomes more
beneficial with fewehauled passengers which means that SPO is generally more cost effective on smaller
aircraft[8]. Consequently, this makes &iavelcheaper in commercial use, which targets a large customer
group and allows for more route cajdies, more frequent flights, and a more economically viable product.
It was found in the repoResign of a Single Pilot Cockpit for Airline Operatidhgt a range between 1.25

and 4.38 million dollars per aircraft could be saved with RO



2.2 Social Aspects and Acceptance

There are conflicting perspectives concerning the future of SPO, where some claim it is already technically
feasible and ready for implementation while offaim that the technology is not ready yet, or at least not
ready for norstandard operation and emergenciaguably, the lack of social acceptance for SPO remains
one of the main barriers to getting it into operation. To get the social acceptanad treetkechnology and
operation of SPO must prove itself safe, and the advantages must outweigh the disadvantages.

Advantags of SPOare possibleconomic benef and consequently, it also presents the opportunity to
offer more routes to the public dteincreased affordability and flexibilify.0]. However, the disadvantages
when it comes to social aspects are sevBraharily, lack of trust in the safety technology itself could be
one of the larger barriers, but factsigch as how a potential solution is introduced and how it is used in
operationcanalsobeimportantfor gairing social acceptance.

For example, if technology seems forced into the market by aircraft manufacturers ansifairiigenomic
gains rather thmimplementedvhenmaturedaccording to public perception,ritayinfluence theoverall
demand for the SPQhe flip side to this is that it may be impossible to perfectly time the market and that
public perception will not change unless exposed to wgr&man SPO concefdo ensure social
acceptance, it is crucial to engage a key group of stakehalldepslots. This is particularly important
because the safety of the initiative will directly affect their wemkironment

From an economic perspectjan aircraft with SPO capability may lose its economic gains in terms of
demand if there is low social acceptance due to-talated issues in terms of aircraft airworthiness.
Depending on how solution for SPQAs shapd, it will influencefeasibility and trustworthiness-or these
reasonsmarket research and product developnvghtbe highly dependent on trespects of social
acceptance and culture.

2.3 Technology and Human Factors

Today, commercial aviation is a globally operational systenmoghatates around the clock where thousands
of flights depart every day. For each flight, the public relies on safe departures and arrivals on schedule
aviation is considered one of the safest means of transportation. Over the years aviation has been
increaingly influenced by new automation technology to solve complex problems and allow aircraft to be
safer and more efficient to operate. This has opened many new doors to aviation; however, it has also
brought some new challenges to the table, many of thiewedeo the subject of human factors. Human
factors in this project follogthe FAA definition, which defines it asfimultidisciplinary effort to generate

and compile information about human capabilities and limitations and apply that information poreonbj
systems, facilities, procedures, jobs, environments, training, staffing, and personnel management for safe,
comfortabl e, and ef f[EFLThe sugectofinumamfaciprevimrken withal overe o
the wotd in all kinds of industrieBy havingan effective human interface or involvemeneguipment,
servicesor environmat etc.theusefulness and efficien@an besignificantly increasedl herefor human
factorsis an important part of developing a sauatfor SPO where one pilot aloméll interact with a whole
aircraftwhere effectiveness can be considered key to feasibility



Developing aircraft for safer and more efficient operation is a constant work in progress, and behind every
flight is a flight crew. The performance of an aircraft no matter how safe and high performing it may be, is
limited by the integration and capabiliof the flight crew Allowing the crew to efficiently interact with the
aircraft and do their job without unnecessary obstacles is crucial to keep up with the commercial aviation

standards of today.

For apossible implementation of SPf@levant subjds to the researchre operations, flight decknd
automationThe operations are important since they cover how the plane is used in terms of what tasks and
activities are performed by the flight crew and why. This also makes automation importanstigatee

since it assists the crew and handles some of the tasks traditionally handled by the crew. The automation
used in aircraft is continuously being developed and may solve certaintail€nges in the future
Transitioningfrom two pilots down to onwill affect how the pilot interacts with the aircraft in a handful of
ways and it is therefore essential to look further into the layout and design of the flightltes& subjects

are all connected in one way or another and as illustratéidime 1 human factors are involved in all of

them.

Flight Deck

Human
Factors

Automation

FIGURE1 - DIAGRAM SHOWING HUMAN FACTORS INVOLVEMEINTSPORELATEDSUBJECTS




2.3.1 Human Factors

The success of an aircraft being used by humans will be dependent on humanTiactagh the years

human factors have become a key aspect in the design of aircraft and oparatieitisin the military, it is
considered one @he most important factors. The flight crew can affect the success of a flight in many ways,
for example by human error where a person does something that should not be done or in a way that it should
not be done. This could for example be due to physisalictions like obstacles or a high cognitive

workload. These situations as well as many more are human factors etatiédstrated inFigurel,

Human factors ifn some way related to aircrafts operation, flight deck design, and automated systems since
all these together make up the interface between human and aircratft.

Understanding human behavior is fundamental for succeeding with SPO. There are a coungs tf th
keep in mind as well as tools to utilize when designing for human involvement. Examples of important
subjects to consider are workload where crew resource management (CRM) can be helpful as well as
remembering tasks in critical situations wheredgad operational procedures (SOPs) can be used which
will be further explained and described in the coming chapters.

2.3.2 Operations

This section of the report will outlirmeSPGrelatedoperational aspects of aviatifor organizations
such as airlinesSpecifically, it will cover how these organizations utileSPO capablaircraft, as well as
the corresponding activities and procedures involved.

2.3.2.1 Organizational Aspects

When designing an aircraft, it is important to look at the organizational aspects of commercial altiges.
aspectsnaydiffer betweerairlines andhow they use anircraft The organizations operating the aircraft
have specifiprocedures for howhe aircraft ismaintained and operatdupwthese procedures will look
depends on the design and potential SPO configuration of the aircraft. New levels of automation will
potentially require a reduced amount of inspection and maintertdoaever, it willalsorequire new
procedures and organizational configurations due to the novelty of the techfidbgy

There are different configuration solutions proposed for SPO {d&}y14] [15] [16] where some require
different levels of ground suppolimplementing ground support will require an organizational change in
operation with new functions, roles, and training. Implementing ground control solutions will also require
new system architectures and adaptation of technology since this is not wged tod



When it comes to reduced crew resources and only using one pilot there are many aspects that are influenced
by this. SPO will generally require realHowewergt i on
whenitcomestothesinglepisoh ar eas of responsibility some task
trusted by the pilot in commantl7]. One common example of this is the {ilight walk around where the
captainchecks and verifies the aircraft. i§ttould potentially be completed by a ground crew which would
removet hi s task fr om t heThgwalkaroundhswever, lsstunderthe ppobaedbébses.
responsibilitysincehe/she is responsibler theflight. This could be problematic $bmeone else performs

the walkaround andhissesa fault. This could result in the pilot being left responsible for a failure due to the
ground crew performing an incomplete inspectione aspect of this is seeing it from the ground crew
perspectivavhererepetitively performing numerowgalkaroundsand in someases during high workload

scenarios might lead toissed detection of a faulthese aspects atieusrelevantto consider when

developing for SPO since the airlines using the planes might not be able to use the aircraft in service
otherwise[13].

2.3.2.2 Crew Resource Management (CRW)

Crew Resource Management (CRM) is used to effectively distribute work among the flight crew and further
improve safety and webeing during operations. Crew resources are the resource amount the looandon

a plane can put into completing required tasks. To fulfill the tasks there must be enough crew resources to do
so, which might be a challenge when it comes to.$ducing the number of crew members redtices

number of immediately available creesourcesvhich is why it becomes significantly important to manage

the crew resources in an effective manare key goal with CRM is to ensure that teamwork always

remains functional, and that situational awareness is not lost, which can be catastrophic during certain
scenarios. CRM is a complex subject that includes factors such as decédmy, teamwork,

communication, and problemsolving to name a fewts strong relation to human factors makes it complex in

a different way compared to other types of engineering issues and must be considered during the entire
product development cycle of an aircraft.

In fadt, poor CRM is the second most contributing factor with 33% of fatal airline accidents related to poor
CRM within the period from 2062011[18]. Poor CRM can be many different things, for example,

forgotten or failed crosshecks, incomplete communication or coordination between flight crew or even
remote personnel.

FromanSPO perspective, there amanyemerging challenges related to CRMRjor task reallocation must
be considered and duties witisponsibilitiestransferrecelsewhere as simply moving all current
responsibility fronthe pilot monitoringo the pilot flyingwould in abnormal and emergency situations
greatly reduce performance and workload would become an even bigger issue thafidoskeguently
depending omow the specific solution is designerw kinds of taskeay be introducedor the pilot

flying. This couldinvolve tasks such asionitoring automation, communicating with remote personnel or
similar. Some of these tasknaybe repetitiveand consequentlgould be considereidl b o r whittgcould

be apotential issue from a huména c tperspéctiveNew types oftasksmeanthat newtypes ofCRM
proceduresirerequired which could require further pilot training in the case of BBD
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2.3.2.3 Standard Operating Procedures (SOPSs)

When operating a commercial aircraft, there are plenty of procedures and tiipiace to ensure

operational safetyThese procedures have been developed and evolved over a long period of time by
monitoring, researching, and investigating accidents to further improve efficiency and safety and are backed
up by several regulatiori9].

Standard Operating Procedures (S@however not universals theyare differentbetweeraircraft and
airlines buttheyserve the same purpose, to generalize and standardize actions to be taken in different
scenariosThis is tosupport the piloby giving him/her guidelines to followSOPs promote the optimal use
of the aircraft features but are also written to suit ligatfdeck design philosophy and related operation
philosophy. The SOPs usually function as a template for individual airlines to further optimize their
operations and how they use the aircratft.

One keyelement in SOParechecklistshatcover normalseeral abnormaland emergency situations.

These checklists are today usually designed for the rolgitbflying andpilot monitoring. They describe

what certain action should be performed by whom and in what sequential order, as well as verify decisions
and information by using croshecks between the roles. Crasgecks help with reducing the risk of human
error or action based on faulty information from example instruments and are a major part of aircraft
operation. The checklist is algesigned withCrew Resource Management (CRM) in mind to evenly and as
logically as possible distribute workload between the roles.

Many of these checklists are covered in the physicabied Quick Reference Handbook (QRH), but
nevertheless, pilots still must be thaghly trained to be able to handle many steps from memory without
having to reflect upon certadecisiondor an extended timd=ailing to execute SOPs, either completely or
partly, has still proven to be one of the main causes of accidents in theyindfusting SPO and a new type
of sustainablaircraft, major changes from typical SOPs are to be expected to cope with new kinds of
automated processes, new failures, changes in CRM strategies, and task rearrangements.

2.3.3 Flight Deck

The design and layout of a flight deck is an important part of the aircraft since this is where the machine is
integrated with the human, commonly referred to as HMI (HuMaohine Interface). Henchavingan

HMI thatallows for pilotingthe aircraft sucessfully in the most efficient way possilidecrucial

Consequentlythe HMI should allow the flight crew to operate safely and with a workload not greater than
necessanif new technologies such as hew automasigstemsandSPO configurations are being
implementedthere is asignificant chang@ how thepilot interacts with the aircraft and its systerfer this
reasonj tnécessary to evaluate aoptimizethe flight deck of such an aircraft.
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The flight deck of an airliner has numerous panelgrgwvand switches that serve different functions and
should be easily accessible. IDROconfiguration, certain elements in the flight deck have dual inputs,
such as the flight controls with each pilot having their own pedals and yoke or sidestick ejoegucing
the amount of equipment toatchone lesgilot can increase the likelihood of catastrophic outcoasethere
is a higher risk ofunction loss/acces$he reason for this more single points of failurer thatit may be
impossiblefor a sirgle pilot to regain control of the equipment if it has not been designed with-pifale
redundancy equipment. Even if redundancy equipment is praseiné flight deck, butiot optimized for
SPO, it can be difficultor a single pilot taccess/reacmput forfunctioning equipment due to physical
limitations.

When designing a flight deck, a hureentric approach should be applied to make the integration as

effective as possible. Thabjective of humaistentric design is to try to understand the afallity constraints
associated with the different ergonomic pilot aspseth aseachability or similarThe flight deck should
therefore be designed maitigate the risks from these drawbacks as well as allow the benefits to be fully
used.In other words, the flight deck should, together with the human operate the aircraft in the safest and
most efficient way where humans and automation fill in each'sthapslt is also important to consider

that all people are different and have different preferences, form factors, physical and cognitive abilities. For
this reason, allowing people to adjust and arrange the flight department to a certain exttwito fit

preferences is important since this will allow them to reach a higher potential in work perfofg@nce

2.3.4 Automation

Automation is increasingly used throughout most means of transportation and not least in aviation. The
automatic functions are getting better all the time allowing for safer flight as well as reduced workload for
pilots. Aircraft automation solutions come in a variety of automation levels from basic cruise control to more
advanced automatic landing systeifise use of automated systems, which was initially viewed as
emergency solutions or luxury agas is now considered standard in aircraft operations.

The main purpose of implementing automated proces
some of the tasks to the systeAutomation can be categorized into 6 different Ieasl suggested 421]

where level zero ianentirely manual operation and level 5 is a fully autonomous operation. By increasing
thelevelofat omati on within the flight deck, pilotsdé wo
controlling the aircraft and insteaaiove closer toward a monitoring and decisioaking role. It has been

discussed whether the implementation of automationime& cases even increases t|
to the need of monitoring afdhndling ofautomated systefii2]. In the papeHuman Factors in Highly

Automated SystemR. McLeod points out another challenge which is thahwitreased automation comes

reduced manual operation for the pilot and thaseforecreated concerns abauteduction in skill among

pilots in commercial aviatio[21]. During regular operations under norroahditions and with no faulty

equipment, this is not an issue, howewverenever there is an emergency where the pilot must manually

react and act the reduced skill and familiarization of the aircraft and operationdeagytdacatastrophic

outcomes

12



InL . Bai nbr ilrehgpseodAutoraatiansheantites (ascitedifgl)fi . . . a formerly exp!
operator who has been monitoring an au22pThiaised pr o
important to keep in mind when implementing new technologies and automation in general but not least for
aircraft due to the potentially catastrophic outcomes due to small errors or wrong ddtefect that a pilot

relies on automation to perfarflight procedures also generates the possibility of an overreliance on

automation. This essentially means that the pilot gains trust in the automated functions and intentionally or
unintentionally violates procedures and activities such as monitorirmgtbmated system and its outcome.

This can also lead to the pilot being undémulated and therefore shifting thoughts or activities to subjects

not related to the flight. These kinds of issues and possible activities are purely human factors nekdted as

as very relevant when it comes to the implementation of SPO.

Automationc an al so increase safety by outperforming th
reduced visibility or wher e Attdmatedmysterostar@ also anmune fot y t
making human error which is the most comnesanse to commercial aviation accidej23]. Therefore,

automation is of high relevance when it comes to SPO where the conventional redundancy of two pilots is
removed. When investigating the possibility of SPO itisimpottant | ook at cases where
ability to react and control the aircraft is reduced or even neglected. In this case, one possible solution would
be to have an automation system takeover, which will be further discussed in this report. Witle 8B® t
resourcesrenaturally significantly reduced which is another problem where automation can assist by taking
over tasks.

One of the most discussed issues with SPO is pilot incapacitatimnis likely due to the potentially

catastrophic situatiowherethe pilot isnow unable to control the aircraft and there is no one else onboard

with the required expertise, the aircraft is now flying on its own. In these cases, an automated landing system
can mitigate concerrend skepticisnas wellassolve he problento a certain degre&lowever, athis point

in time, the required technology is ng¢t implemented and socialicceptedor commercial aviationn

commercial aviation todaypomearge companies have landing assistance systems that aregrea d

considered automatg®4]. These systems allow the aircraft to touch down on the runway in poor weather
conditions and really assist the pilot in bringing the aircraft down sadelyever, these systems are not yet

fully autonomous and are not capable of solving the situation of SPO pilot incapacitation since they still need
a pilot to perform tasks in combination with automation.

If an automation systetiet is approved by agenciesn navigatéo a nearby runway and s&f land the

plane as well as alert AT@ mightbe able tsolvesome of the challenges with pilot incapacitation in SPO.
For such system to be implemented¢ammercial aviationt hasto comply withregulationandget social
acceptance.
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In summary, automation can been as doubleedged sworgif everything works asintendedt 6 s a gr e a
tool to reduce workload and assist in various scenarios. However, in scenarios where the automation system
doesndt wo rdisplagsmconsigentdehdviordor is put in a situation above its capability, the

effect might be the opposite. As an automation system is coraptikleaves the operator a smaller chance

to be able to troubleshoot the system and correct the potential issues, gsgecdiadl high workload

scenarios, aircraft in certain situatiawuldbe better off without automation.

2.4 Configuration for Single Pilot Operation

The concept of SPO has been discussed for several years and during that time many different approaches to
howthis can be solved have been presemsdechnology rapidly evolves, especially around software and
automation, the idea about whspossible and what risks thesieeconstantlychanging however, one

variable has remained the same, the ethical aspéotduced human involvement during operatfidns

parameter is constantly challenged as technology becomes safer and more robust. There are different ways to
approach SPO from a theoretical per speaaentywitin fAcon
the subjectDuring the first brainstorming of the project, it was decided that the configuration approach

would be used in this project as well in a way that suits the sifdpis project.

An SPO configuration can in this case be seehaastst abstradevel of solution approach to SPO where

it is generally decided where atmlwhomatask is reallocated to avo@hincrease in workload for the

captain whickcouldresults insignificantlyincreased riski-rom the reporf25], some of the preliminary

findings from the meetings on which the report is based on it were that the participants generally saw two
different possibilities on how to reallocate tasks. Most commonly, the concept of haeipgat on the

ground replacing the epilot in the flight compartment was discussed. Another concept discussed was just
the use of a single pilot, in other words, a true SPO without any help or assistance from another individual.
On occasion, it was alsbiscussed the concept of not having any pilot onboard at all as many of the problems
and solutions related to SPO are also relevant for unmannedvaides(UAVS).

In the NASA Single Pilot Operation Technical Interchange Meeting, more specific waitopns compared

to [25] were discussed and evaluated. From the report, five different configurations are discussed, some with
subcategories, which can be used to reallocate the tasks involved during operation to realltes&PO.
configuration principl es 8imglepid drsneopératigns: Dasignmgthed i n
aircraft may be the easy pafifferent research on SPO usually uses one of these variants or a modification
of them, such af8] and[26]. However, details on how these configurations are technically designed and
solvedarenot described and the feasibility will depend on the detailed soldi8}i10].

In the reporiTask allocation for single pilot operations: A Role for the GroopdNASA [25], it was found
that there are generally five areas of relevasuas that affect any type of SPO configuratumomation
issues, Operational issues, Pilot incapacitation, Communication/social essdéertification and approval
issuesWhile the areas are somewhat overlapping, considering these elements nayefacilefficient
judgment and evaluation of different solutions.
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2.5 Research and Developmentloolsand Strategies

Somemore specific tols used within aviation which may no¢ considered general engineering knowledge
arebriefly explainedn this sectionThesetools and strategiesreused during the project amaaybe
referred tahroughout the report.

2.5.1 Accidentology and Accident Reports

Today air travel is very safe compatedther means of transportation, but it has not always been that way.
When an aircraft takes to the air, it becomes more vulnerable than other means of transportation such as a car
or a ferry. This vulnerability has caused widespread societal respesbraetimes skepticism toward

aviation. This also means that it is crucial to prevent and mitigate failures since a minor fault can have
catastrophic consequence&sen though aviation accidents today only occur at a small fraction of successful
flights dueto years of developing safer aircraft wittoreredundanciesaccidents still happeikvery time

an accident happens, the industry learns something which is used to prevent future accidents from occurring.
Therefore, accident reports play a significame io the development of safe aircraft and the theory of the

subject, its causes, and consequences, are called accidentology.

More problems in aviation in general can lead to catastrophic outcomes and affect a large number of people
and cause significamiconomic damage. This means that there are mostly detailed investigations performed
into each accident with plenty of documentation. This makes accidentology a source of information that is
useful in the development of safe aircraéfhalysis of accidentaports allows developers to identify patterns,
trends and specific causes which helps identify safety risks and improve safety featureamghithritical

steps in the direction towards safer flight.

2.5.2 Aircraft System Classificatiort ATA 100

Aircraft are often complex products with various systems and subsystésmsommon for manufacturers of
complex products to decompose the product into different systems or zones of the product to allow for easy
navigationthrougha large amount of informatiott.can also be beneficial for companies to use standardized
systems to easier interact with each otAdA 100 is a numbering system proposed by the FAa&has

been widely used and accepted within the aviation industipnémy years and proposes a categorization of
aircraft system§f7].

2.5.3 Design Guidelines in Aerospace ARP4754A and ARP4761

SAE International or former Society of Automotive EngingsisUS basedjlobal developeof standards
for engineering professionalBhe organization has developed a framework called ARP (Aerospace
Recommended Practicas guidelines for developing civil aircrafi28]
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ARP4754 - Guidelines FoDevelopment Of Civil Aircraft and Systenssused forPart 25 aircraft
organizations and provides guidelines for the devebot processeand certificatior29]. ARP4754 is
intendedo be used together withRP4761- Guidelines and Methods for Conducting the Safety Assessment
Process on Civil Airborne Systems and Equipm&RP4761 provides process foassessinthe safety of a
system being developéakcluding useful methods for analysis and assess{@ehtSimilarly, to SAE,
EUROCAEEuropean Organisation for Civil Aviation Equipmextso has corresponding versémf the

ARP documentsCorresponding to the ARP4754A is the ED79A and to the4¥BR is theeD135 during

this projectonly the SAE versionkavebeen used

2.5.4 Workload Assessment The Bedford Scale

The Bedford scale is a commonly wused [B81¢ The method or a
is initially a modified version fathe CoopeiHarper rating scale which is used for assessing aircraft handling
characteristics. There are a handful of tools available for workload assessment and the most common are the
NASA TLX (Task Load Index)32] and the Bedford scal&éhe NASA TLX is considered to be slightly

more advanced and requires more detailed knowledge and experience about the tasks and operations in order
to accurately assess them compared to the Bedford scale. Since the knowledgsks ttoebe evaluated in

this project which is the potential functions to implement for SPO is limited and the experience is non

existing the Bedford scale was chosen for workload assessments.
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Operator Demand Level Rating

Workload insignificant. 1
> Workload low. 2
Enough spare capacity for additional tasks. 3

Yes

Insufficient spare capacity for easy attention to 4
additional tasks.

Was workload
satisfactory without
reduction?

Reduced spare capacity. Additional tasks cannot be 5
given desired amount of attention.

Little spare capacity. level of effort allows little 6
attention to additional tasks

Very little spare capacity but maintenance of effort 7
on the primary task not in question.

Was workload No
tolerable for the

task?

Very high workload with almost no spare capacity. 8
Difficult to maintain level of effort.

Extremely high workload. No spare capacity. 9
Serious doubts on ability to maintain level of effort.

as it possible
to complete the
task?

Task abandoned. Operator unable to apply 10
sufficient effort

FIGURE2 - BEDFORD SCALE MODEL

TheBedford scale can be used for a subjective assessment of the workload in different tasks or activities and
result in a rating on a scale frorrilO where high workload results in high numb@itse model idvased on

three questions that agenerallyasked ¢ the operator which in the caseSRO suitablyhe single pilot

flying. However in since this project is at an early state of the development oft&R@thorsanswered the
guestions with the help of knowledge gained from relevant literafine quesons relate to whether the task

was possible to complete, had a tolerable workload and satisfactory workload and the answer is either yes or
no. By following the path of answering either yes or ndtigure2, a workload rating of the specific task is
attained.
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2.5.5 Engineering Ethics

When engineering for SPO in aviation, ethics must be considered at major decision points as it will influence
the solutions in several way#/hen discussing engineering ethics, it is important to understand that there

will be tradeoft. These tradeoffs are not always easy or even possible to perfectly balance as it many times
is a question of subject values and morals. Theskeoffdecisiors will many times directly impact how the
solution works practicallyFurther ontypical questions that will arise during the sub@cEPO isghearea

of responsibilityfor certain outcomes and decision owriEnisis anaturalconsequencehen automadn is
becoming increasingly used aperationsThere are several aspects to consider when taking these decisions,
technology readiness level and stakeholder acceptance are two of these which can provide guidance.
Following a Code of Ethics or a specifithies approach is another way.

There are plenty of approaches used and suggested in the world of engineering and implementation of
automatior{33], one used within engineering is the NSPE Code of Ethics provided by the NSoaretly
of Professional Engineef34].

Depending on what decisions are made, these will ultimately have a strong relation to how values of safety
and risk are considered in relation to opporturiityr. every commercial flightegardless of the operation,
whet her it 6 s DROortSRGethe flight iesdilijett to @ neadin level of risk, the question,

however, becomes what level of risk is acceptahfiigh the help of engineering and evaluation, risks can be
mitigated to further improve safety, however, reaching zero risks is just not po$d#olecing uncertainty is

the keyword here, but ultimately, there are still subjective decitiiamaeed to be made that will influence
several aspects of the final solution.

2.6 Regulationand Certification

Certification of commercial aircraft and operations is complex and has long product development lead times
where a new airliner takes several years to get certified. Therefoea implementing SPO solutions as a
novelty in tre industry, certification will naturally be a significant phase in the process.

The aviation industry today is regulated by different authorities responsible for different regions of the
world. Two significantonesare the EASA an&AA. EASA is responsilel for the European region and FAA
is for the American region.

EASA, being the European regulatory agency, provides comprehensive documentation regarding fulfilling

t he European Unionds | aws for aircraftmeadingtheyEur op
are legally binding and must be fulfilleHASA provides different sofaws documentatiothatare meanto

practically fulfill these laws, these are, Certification Specification (CS), Acceptable Means of Compliance
(AMC), and Guidance Material (GM35]. Some of the more relevant hard laws which will be used in this

project in @mbination with the related and applicable CS, AMC, and GM are:

1 For Basic Regulation- Regulation (EU) 2018/113B6]
91 For Initial Airworthiness - Commission Regulation (EU) No 748/20[37]
1 For Air Crew - Commission Regulation (EU) No 1178/20[BB]
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1 For Air Operation - Commission Regulation (EU) No 965/20[33]

In theNorth American regionTitle 14 of the Code of Federal Regulations (14 CFronautics and

Space) is the regulation corresponding to the Europaan ofinhsaér d Thedirat shapter in 14 CFR is
the Federal Aviation Administration, Department of Transportation which imtst relevant regulation to
investigate at this stageéurther on within Chapter, the focus will be aimed towards Subchaptér C
Aircraft, Subchapter D Airmen, and Subchapter iGAir Carriers and Operators for Compensation or Hire:
Certification and Operations.

Subchapter C includes parts for airworthinghesg correspond to the Camission Regulation (EU) No
748/2012 but also general laws and rules of certification procedures similar to the Regulation (EU)
2018/1139These general laws and rules are found inPhifbcated in Subchapter C. Subchapter G on the
other hand includes ratations regarding aircraft operations and in that sense corresponds to the
Commission Regulation (EU) No 965/20T2e corresponding American regulation to the Air Crew
Commission Regulation (EU) 1178/2011 is subchapter D where training, ¢caradiaginilar subjectsare
addressed for crew working on aircr&tmilarly, to the European hard laws presented above the relevant
corresponding American laws treated in this project is:

For Airworthiness & Certification Procedures i 14 CFR, Chapter 1, Subchap@i Aircraft
For Airmen - 14 CFR, Chapter 1, Subchapki Airmen
For Operationsi 14 CFR, Chapter 1, Subchaptei @ir Carriers and Operators for Compensation or Hire:

Certification and Operations

EASA and FAA have divided their documentation intdetént smaller parts which are categorized to fit the
hard laws but still provide increased practicality for developers of aircraft. This thesis will primarily
investigate the regulatory sections regarding airworthiness and air operations since tihesmase related

to SPO. A noteworthy section and a good example are Part CAT which is a part of the air operations
regulations provided by the EU and EAS®]. Similarly, FAA has corresponding parts which will be
explained futher in the following sections.

2.6.1 Basic Regulationand Aircrew/Airmen

The EUs basic regulation for aviation can be considered as a set of principles for all other regulation
documents which EASA provides. The EASA Aircrew and FAA Airmen regulationsge@antent that
covers elements such as pilot qualification which is partly out of scope for this project. For these reasons,

unl ess any obvious regulation with a direct corre

elaborated upon.
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2.6.2 Airworthiness

Aircraft aregenerally classified based on their size and field of operdtemge commercial aircralies

within the CS-25 classification(Large Aeroplaned-ASA, [2]) or Part 25 Airworthiness standards:
Transport Category Airplane§AA, [41]) which is the type certificates which will be of focus in this report.
For smaller commercial aircrathere is another classification which is-28Part 2§NormalCategory
AeroplaneseASA/FAA).

The CS25 provides a framework that specifies what is required of an aircraft to have it certified and brought
into serviceEASA also provides AMC 25 which contains acceptable means of compliance and can be used
as gudelines for testing and validating that the aircraft meets th@3tHteria As stated, EASA G35 is

active for the European region while FAA part 25 fills a similar purpose for the American regibasand
corresponding section to the AMC 25 called 2&for Advisory Circular.

Since SPO is an emerging topic and still considered ndlielCS-25Part 25regulations are still primarily
designed for configurations with two pilots; however, it can be discussed whether some chapters are
obstacles for SPOrmot which will be further discussedtine sectiorRegulatory Landscape Anaigand
Forecasting

2.6.3 Operation

In the world of commercial aviation, there arestated a handful of regulation sections. Apart from

airworthiness, this report will also investigate the operation of aircraft. These regulations provide criteria
required of aircraft and procedures depending on their field of operatieraircraft opetins certification

is also provided by the authorities where the regulation for the European region is published in the
Commission Regulation (EU) No 965/20[B®] and for the American region in 14 CFR Chapter 1,
Subchapter G

Depending on what kind of operations the aircraft will be used for there are different rules and regulations.
EASA has a section called P&AT i Commercial Air Transport Operationghich isrelevant for SPO in
commercial aviationThere is also a séoh called ParOROT Organisation Requirements for Air

Operations this section is alselevantand will be further explained in tleectionRegulatory Landscape
AnalysisandForecasting

For the FAA there are two similar sections called PartilR&gularly Scheduled Air Carrieend Part 135
i Air Carrier and Operator Certificationwhich should be consideres well

The regulations cover areas such as flight operations, maintenance, aircraft performance, required
equipmentandemergency procedures but also include fligletrelatedcriteria such as CRM and training
which makes it important to consider for the inmpentation of SPO.
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3 Methodology

To answer the research questions, the project will be divided into several different\stagekated

activities.While the different stagesrepresented in sequentihd logicalorder, the development process

has beeiterative and flexibleBecause of the iterative approach, the process has evolved to become what it

is today, an outline of the final process can be se€igure3. In the flow chart diagram, the different steps

are tied to different headings in the report. The iterations made are not explained as independent processes. If
an iteration is made that changes the result, elaboration is made on that specific chengeddihg where

the change occurred.
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3.1 General SPOConfiguration

The project started with an extensive research phase that was used to build up a theoretical framework that
wasused throughout the projedthe frameworks based on previous research on the subject of SPO as well
as literature and document studies in related fiétddsoholdsinformation on how to ussuitable methods

and tools commonly used for similar applions. The theoretical framewaodid not only assisin
brainstormingdeas and making projedecisionsbut the processself creatinghe frameworKacilitatedan
understanding and knowledge basis of the subject.

When the theoretical framework wagasished, the next step was to analyze the regulations related to SPO
for a large commercial aircraffThe regulatory landscape analysis used the different regulation documents
highlighted from the theoretical framework to understand what criteria meagt &PO and what precautions
are necessary for developing an SPO solution. This involved specifying and explaining how and why
regulation could potentially impact SPO solutions.

Continuing from the research phase, the next phase was the system devetdpnseitable SPO
configuration.The configuration in this context refers to the highest operation principles, meaning answering
guestions such as where and when people will be needed, what tasks are auamahadedhich level.

Further, this could bexplained as dividing areas of responsibilities. It was found during the early
discussions that the use of different configurations would be a pillar of this research.

The firstactivity in the development of@nfiguration was to construct differeggneal needs to be used
throughout the project for shaping the solutionS&0. Thesaeeds could also be considered general SPO
strategies. These general needs were found by interpreting project constraints and analyzing the regulatory
landscape for SPO tommercial aviation.

Once the list of different general needs had been established the process continued by brainstorming on
differentconfiguration concepts for SPO. This brainstorming was based both on the explored system needs
and findings from the theetical framework. Thesgenerated configuration concepts were then analyzed on
the parameters of political, economic, social, ewthnological through a PEST analysis. The use of the

PEST method facilitated an effective evaluation of the different gexaksalutionsTheanalysis washen
compiled into a evaluatiormatrix where the concepts receive ratings based on the PEST ahwlysis
converting qualitative to quantitative dalad the most promisingnewaschosen for further analysis and
improvementThe final concept was then validatedvards theelevant regulations found in the regulatory
landscaping section.

3.2 Specific Configuration Functions

Once the configuration was decided, a new development cadéniated with the purpose of adding
technical details for the selected configuration. These details are in the form of specific functions related to
flight compartment equipmerithese functions have a clear connection to human factors as it is cedside
one of the more crucial safety aspects when it comeartsitioning to SPO.
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This next development cyclgeganwith a FunctionalHazardAnalysis(hereafter referred to as Fhvhich

is based on potential failure conditions which are believed to be severe or have a higher frequency of
occurrence for SP@ompared t@PO.The failure conditions included in the FHA were found by literature
and document studies, accidentology, and internal company discussions. Parts of the risk assessment process
in ARP4761 were then used in timject, sed-igure4, where the failure conditions in the Fhifere

further analyzed by decomposing them usiageral spcific Fault Tree Analysis (hereafter referred to as
FTA). By usingspecificFTAs, it was made possible to fitlteleading causesf these different failure
conditions.The way these failure conditions were decomposed was by using principles fridmmtlae

Factor Analysis and Classification Syst@ri-CAS) and technical failures as two major categories to be able
to explore different kinds of problenmBhe decompositiowas in some cases limited since a leading cause
might be out of scope or relevance to the project or too complex to be evaluated at this time.

Aircraft FHA

Funct.  |Function Phase Failure Failure Classification
Failure (Condition Effect
Red.
1.1.1 Decelerate |Landing Loss of Crew is CAT
Aircraft on  |RTO Deceleration unable to
Ground Capability on  [stop aircraft
the Ground on runway

1.1.2 Decelerate |Landing Crew must |MAJ

Aircraft on use manual
Ground procedures
to stop
Ffinctions aircraft
|
| *
, Aircraft FTAs
Loss of Deceleration
Capability on the
Ground
Loss of Thrust Loss of Effective
Reversers Wheel Braking
Loss of all
Speedbrakes on a Loss of all Wheel
Contaminated Braking
Runway

FIGURE4 - PART OF Al RISK ASSESSMENPROCESEXAMPLE[30]
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Another type of FTA with a similar structure was made to specifically address human factors related to needs
and function. This tree, however, used another perspective by having human factor as a main cause of a
problem in a general accident ratheartta technical one, the tree was thus not inherited from the FHA but
delivered the same kind of result and covered different groitndas designed with both SPO and DPO in

mind which made it possible to find risk scenatizstwere more critical for SB compared to DPO.

These specifiETAs and the human factor FTA resulted in different needs; this time more specific ones
compared to the general ones at the beginning of the project. The main purpose of these specific needs was
consequently to addressfdifent safety risks and gaps with SPO to be able to address them with new

functions. In contrast to the earlier phase where the general needs were used for brainstorming different
configuration alternatives, this time these specific needs were usedif@mtdimaing specific functions. The
functions®d main purpose was to remove or mitigate
functions that were found were not novel, the performance and requirements of these functions can be more
critical in SFO.

To further develop the specific functions which would be the next step in approaching a final solution was to
find alternative suffunctions for the specific functions. Due to the limited time of the prdjeistwas done

for only one specific function with the main purpose of providing guidelines and an example to follow for
future work. Brainstorming allowed for stibnctions to be designed for the specific function which was

then evaluated through an FHAda Bedford Assessment.

The findings from this second development cycle were specific functions that should be considered when
designing for SPO with the selected configuration. Several of these functions are also applicable to SPO in
general. As there &e many needs/gaps explored in the FTAs, not all functions that were found to address
these were analyzed or evaluated in dedait to the project timeframeolhave all needs/gaps been fully
covered with function at this stager the same reason.

3.3 Complete Project

Following this second development cycle, a result and conclusion were made on the important findings of
the project. Most notably, these findings include a huanced description of the selected configuration and the
specific function and howhey relate to existing regulation, safety, human factors, and feasibility. The result
and conclusion were also supplemented with a posSgroadmap to help map out the different
configurations and functions over a timeline.
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4 Regulatory Landscape Analgis and Forecasting

In the early stages of a product development project, one of the first steps is product planning with its related
activities such as identifying and analyzing the business environhilemtvith many developments project,

SPO also haa high level of uncertainty. In the boBkoduct design and Developmetite authors present

ten types of product development projgdi2]. Because of the wide scope of the project, it fits into several

of the different types hilgenerally the product can be considered as a+nigk product development

process and a complex system development process. While the concept of SPO is not new, there is still
plenty of uncertainty with the concept from different aspects such asiliggsshfety, human factors, and
regulatory aspects which is partly why it fits the higgk product classification. With these types of
projects,uncertaintyand risk is to be expectegnd inanattempt to partly reduce the regulatory uncertainty,

an evaluationof the regulatory landscape is conducted.

Doing an analysis of the regulatory landscape and forecasting the future for SPO is crucial as aviation is a
highly regulated industnBy analyzing the existing regulation and the landscape in general, it becomes

easier to assess and better predict the potential impact SPO will have on the feasibility of the product. Further
on, by understanding the regulatory environmfemecasting futire regulatory trends becomes more

attainable. Thigs important for this project as SPO (or fully autonomous operation) is more consigslered a
whenquestionrather tharanif. This analysis aims to find potential obstacles with certain solutions which

may pose regulatory challenges. The purpose of the landscape analysis consequently becomes to minimize
risks by adapting to suitable needs and strategies.

The EASA and FAAegulatory regions have similar criteria and regulations when it comes to aerospace
certification which makes it easier for manufacturers to certify aircraft in more regions than itsTdrayi.
are also other regions with logalgulationsfor exampleAsia. However, during thiproject,only theEASA
andFAA regulations will beanalyzed Only when there is a deviation between EASA and FAA regulations
related to SPO, the American regulations will be addressed. From the four different regulation parts
described in the theoretical framework, the basic regulation and aircrew/airmen parts will not be analyzed
and evaluated in detailhis is becausdrom these regulations alone, there has not been any cémiedt
which directly prohibits the use &POunder normal operatigror nothing which indirectlygloesso within a
reasonable distance to the suhbjedtich leaves little room for further evaluatiorhe airworthiness and
operations sections of tiegulations will be analyzed from a SPpérspective. Té sections presentamd
discussed within this reportiis some way related t8POwhere it for example can be considered an
obstaclegnableror guideline.
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4.1 Airworthiness

In this sectiontheregulatory landscapeom aninitial airworthiness perspective analyzedand evaluated.
g The abdity of §n Al s
System or other Airborne Equipment or system to be operated in flight and on the grthaod significant

Airworthiness is defined by the MAAMilitary Aviation Authorityyma st e r

Hazard to Aircrew, ground crew, Passengers or to third parties; it is a technical attribute of materiel
throughout its lifecycle [4]. To certify an aircraftit needs to be proven that it is airwortijow this should
be proven and whatiteriaand rules are required to call it airworthy is specified by regulatory authorities
depending on the region altound the worldDepending on the/pe of aircraft as well as other parameters
such as size and field of operation the proven airworthy aire@gives a type certificate. In this chapter
airworthiness regulations will be discussed from a SPO perspadise both EASA and FARegulations

will be investigated

4.1.1 EuropeanUnion Safety Aviation Agency (EASA)

EASAsCS-25is the certification basis for a large commercial aircraft, with that classification comes specific
regulatory challenge&rom the official EASA certification specificatis, many of the regulations are either
directly or indirectly affected by the type of operation (SPO or DPIG)vever, the regulations are not

always easy to interpret and auat alwayddirectly linked to a single specific condition, meaning that several
certifications are applicable for the same area but use different persgpebtavesiating this to regulation for
SPO, there are however some certificatihraddo in fact have a stronger correlation toward technical and

human factors aspedtsatare afected by SPO, these can be seenahlel.

Equipment Installation

25.1302

25.1309 Equipment, systes) and installations
25.1321 Arrangement and visibility

25.1303 Flight and navigation Instruments
25.1307 Miscellaneous equipment

25.1329 Flight Guidance System

25.1301 Function and installation

Equipment Operation

25.1523

Minimum flight crew

25.1525

Kind of operation

Design and Construction

25.671

General

25.771

Pilot compartment

25.777

Cockpit controls
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Of these different certification25.1309and25.1523can be considered as the most relevant certifications
which should be considered early in the evaluation process, this is because these certifications fall into the
scope of most of the other certifimmns. When analyzing the certification basis, there is no statement that
directly prohibits the use @PO. Fron25.1523i Minimum flight crewthe followingcriteriafor fulfilling

this specific certificationar8 Th e mi ni mum f | i g lhad (seerAB@ 25m5a23) o tHatdtise st a
sufficient for safe operation, consideringa) The workload on individual crew members; (b) The

accessibility and ease of operation of necessary controls by the appropriate crew member; and (c) The kind
of operation athorised under CS 25.1525he criteria used in making the determinations required by this
paragraph are set forth in Appendix W/hen interpreting this regulation, no specific arguments, neither in

the specification itself il\ppendix D, explicitly imply that two pilots are required for operatidmstead, the

flight crew needs to be dimensioned to fulfill safe operation on different several different aspects such as
workload and more humagentric approaches describedAppendix D.

In thecertification specifications (CS) for large airplaneghimg directly addresseke specific number of
persons irtheflight crew, howeveri twidsly understood in the industry that a large airplane is operated by
at leastwo individuals.The regulatoy document often refers to the captain and first officer as distinct roles
with separate responsibilities that operate in different zones. There is no indigatidwithin the

document thatules out a combination dtiese roles into one individual Witncreased responsibilities,
provided that the requirements outlined in section 25.1523 ardemtnding on what system support is
available for thesingle pilot flying there is a high possibility f@5.1523to be fulfilled during SPO if safe
operaion can be demonstrated for the authorities. In fact, require2Benit1li Pilot compartmensays,i | f
provision is made for a second pilot, the aeroplane must be controllable with equal safety from either pilot
s e awhichocan be interpreted as DPO ig remuired.

Specification25.1302- Installed systems and equipment for use by the flight, a@vers how different
equipment, and their related systems can fulfill2Be.523requirements in a safe way with respect to
human f act or mentoriddinihe doeument with thesrelated AMC (Acceptable Means of
Compliance) that showing compliance with human factors is difficult and that a structured approach is
needed. Th&5.1302specification does however not directly disallow SPOdwétsstatecriteriathatrequire
specific consideration which may prove challenging to fulfill from an SPO perspective,tindgisly up to
interpretation.

In the AMC, several of the related epguient certifications are also listed, soafievhich are included in the

list above which indicate th26.1302is a more general and higHewel certification compared to the
others.These related listed requirements and the AMC itself are thus higalarglto take into

consideration when developing a specific operation configuraligarticularly interesting part of the AMC

is the statement that if applicants involve the authorities early in the design phase, they can gain a significant
advantage, soething which should be crucial for successful SPO implementation.
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As of today, no currer€S-25 aircraft which is approved for SPO during normal operation has been found
with a type certificate from EASA. There is however another EASA classificatiorofaral aeroplanes,
CS-23which is for aircraft smaller than the large aeroplanes captured by tB8& €Stification.Today there
are severaCS-23 planes with a type certificatbatenables operation with a minimum flight crew of one,
thus operation witla single pilot is fully possible from these types of aeroplafes.question that arises
from this conclusion is, what actual differences are there between these aircraft?

CS-23andCS-25 have several things in common but also many things that makediffemFrom a
manufacturerds per spect iIC8&2requoes @ moneacamprehersivecandftimee r e n ¢
consuming certification process as there is a bigger need for more documentation and hestiman

reason for this is th&lS-25 aircraft are considered more complex as the planes have more systems onboard.
This statement alone, however, is debatable as size alone is a simplified approach to determining an aircraft
complexity.

Aircraft has grown in complexity as more and more automstetms are implementdtjs automation

can make aircraft more confusing to understand, especially when the system fails, but the increased
complexity does have significant advantages. As one of the main issues with SPO is workload related
problems, autmation can play a crucial part in relieving pilots of work and handling different scenarios
without any human intervention, and with that, human error related accidents become ledn litbéyr.
words, the more technology advances, the less need sHeredPO.

Technology leaparehowever not isolated t6S-25 aeroplanes, in fact even normal airplanes today are
equipped with sophisticated safety related technology to make them easier to operate. While the level of
technology typically differs betwearormal and large airplanes, it is hard to justify the need for DPO on
largeairplanedrom a technology perspective only, especially when regulation is designed with a certain
level of technology in mind. However, the question of SPO and DPO is not ksahthevhite as lookingt
technology capabilities only, there are more ethical concerns linked to the problem.

With theCS-23typecertificate, a maximum of 19 passengers is allowed, this limit does not exist ©&the
25which is likely one of the stronger reasons why DPO is still used ®Safl5 airplanes. This is due to the
fact an accident related to the lack of pilot redungiasconsidered worse as more lives potentially can
come to harmThis could be seen aso c i a&cteptable level of risk and consequences, where we more or
less accept the SPO related issues in normal aircraft but not for large aircraft, settingedsictenibal

aspects. However, to be consistent, these acceptable limits (which translate to passenger limits) should
reasonably move as technology progresses, whicthaseshe level of safety. However, the difficulties then
becomeassessingndprovingthe increased level of safety as well as socially accepting these changes.
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4.1.2 Federal AviationAdministration(FAA)

The airworthiness criteria provided by the FAA can in most scenarios be considered equivalent to the EASA
criteria, this is managed by a li#aal agreement between the two parties. Certification reviews and
agreements can supplement croegional scenarios. However, there are some significant differences that

are important to consider during the development and implementation of SPO. Asigisestated, the
corresponding airworthiness certification typed8-25is Part-25. When comparing th€S-25 chapters

discussed in the previous section to the corresporitiing25 sections there are many similarities. As for

SPO implementatiorthere isno section irPart-25 eitherwhich precludes itNonethelessit is clearly

specified inPart-25, 25.1523imilar to theCS-25, 25.1523that the minimum flight crew must be sufficient

for safe operation and handling the workload of the tasks needed.

CS-25andPart-25are type certificates which makes it convenient to have them similar since it allows for
manufacturers to minimal effotd certify an aircraft for multiple regulatory regions. The two regulations
have many similarities and some differences, howeween it comes to SPO the two have almost identical
approaches and criteria.

4.2 Operation

As type certificates for aircraft aomly a part of the regulation applied for aviation, therena@maymore
regulatory aspects to take into consideration. Aircraft operation is one element that must be taken into
consideration when considering the implementation of SPO.

4.2.1 European Union Saféy Aviation Agency (EASA)

Looking beyond the soft laws produced by EASA and observing the actual European laws, no directives
have been founthatdirectly prohibit an aircraft from being designed and used for a single pilot during
normal operationdn fact, if one observes tl@ommission Regulation (EU) No 965/2012vhich regulates
the operation of an aircraft.

As stated in the theoretical framework, aircraft operations are regulated by the same authorities as the type
certificates, EASA. EASA has multiple frameworks for air operations wh&adsCAT - Commercial Air
Transport Operationgrovides a general fraework for all kinds of aircraft-or commercial aircraft®art-

ORO - OrganizationRequirements foAir Operationsis also relevantPart-CAT andPart-ORO both

belong to the regulation group for Air Operation which is directly related to the European law earlier
mentioned EASA provides more frameworks for aircraft and operations development, however for this
project of investigating SPO possibilities folarge commercial aircrafRart-CAT andPart-ORO are the

most important sections to further investig&unilarly, to EASA, the FAA also provides regulations for
aircraftoperations which will be covered in the following section.

In general, there is rgection in eithePart-CAT or Part-ORO that directly precludes SPO. However, there
are a few sections related to the subject which could be considered either guidelines or obstacles to
implementing SPO. This section presents an analysis of these reletiedsfrom an SPO perspective.
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Part-CAT contains rules and requirements which need to be complied with for commercial air transport
operators to ensure operation safégrt-CAT applies to both aeroplanes and helicopters for commercial air
transport with means transportation of either cargo or passengers with commercial intértopsirt is

not restricted to any specific type of aircraft sucic&23 or CS-25and therefore contains a broad and

general set of rules and requirements to cover difféypes and sizes of aircrafit. containsoperational
requirements of among others, procedures, qualification and training, maintenance, and safety systems. As
stated, there is no sectionRart-CAT thatdirectly precludes the implementation of SPO.

However, there is one specific section important to keep in @iAd:.IDE.A.135 - Additional equipment

for singlepilot operation under IFRtatesiAeroplanes operated under IFR with a singlot shall be

eui pped with an autopil ot wit h Thidreguireraesttspedfiestthatttou d e
allow the plane to be flown by one pilot there is a need for an autopilot with altitude hold and heading mode.
These modes are common on modergdaairplanes and are essenfialSPO to reduce the workload of

the single pilot as well as allow him/hergerform other duties durirttpe cruise. In general,

CAT.IDE.A.135 provides a minimum level for the automation neediiecbuld be discussed whettthe

specified autopilot requirement provides enough automation for adangeerciakircraft to be safely

flown by one single pilot only.

Part-ORO, just likePart-CAT, originates fronCommission Regulation (EU) No 965/2012art-ORO

provides a framework with organizational rules and requirements for air transport operations. It applies to
organizations such as airlines, airports, and maintenance parties to ensure airworthiness and safe operations
of commercial aircraft. Worth mentiomg is that it does not apply to a specific aircraft type but rather the
organizational operationSimilarly, toPart-CAT there is no section iRart-ORO precluding SPO entirely

but in the flight crew sectio®@RO.FC.200- Composition of flight crewtateghe following:

fi(@) There shall not be more than one inexperienced flight crew member in any flight crew.

(b) The commander may delegate the conduct of the flight to another pilot suitably qualified in
accordance with Annex | (PaRCL) to Regulation (EU) No 1178/2011 provided that the
requirements of ORO.FC.105(b)(1), (b)(2) and (c) are complied with.

(© Specific requirements for aeroplane operations under instrument flight rules (IFR) or at night.

QD The minimum flight crew shall bedwpilots for all turbepropeller aeroplanes with a
maximum operational passenger seating configuration (MOPSC) of more thaamuiak
turbojet aeroplanes.

2) Aeroplanes other than those covered by (c)(1) shall be operated with a minimum txew of
pilots, unless the requirements of ORO.FC.202 are complied with, in which caseathey
be operated by a single pilot.
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The (a) section mentions having no more than one inexperienced flight crew member, which in the case of
SPO would generally mean a singitot. For SPO to be implemented an experienced pilot would be

required which leaves no room for inexperienced flight crew members. SPO is likely to require new sets of
criteria and rules where having a restriction to experienced flight crew might beargc$ere are

drawbacks to this kind of restriction where, for example, the inexperienced flight crew have a harder time
accumulating experience. However, the majority of flights are still likely to be DPO in the coming decade
where flight crew can gaiexperience before taking on SPO flights on their own.

Depending on what thmeans of propulsioare (c)(1) maynot apply due to the turboropeller or turbojet
criteria. The maximum operational passenger seating configuration will also exceed whatfiegpe

(c)(1) on a large commercial aircraft)(2) states that aeroplanes not covered by (c)(1) which applies to the
CS25 categorynay be operated by a single pilot if it complies with the requireme@Raf.FC.202
ORO.FC.202- Singlepilot operations under IFR or at nigktates the following:

filn order to be able to fly under IFR or at night with a minimum flight crew of one pilot, the following

shall be complied with:

@) The operator shall include in the operations manuplia| ot s conversion and r
programme that includes the additional requirements for a sipifji¢ operation.The pilot shall
have undertaken training on the operatords pro

QD engine management and emergency handling;

2) use of normal, abnormal and emergency checklist;
3) air traffic control (ATC) communication;

4) departure and approach procedures;

(5) autopilot management, if applicable;

(6) use of simplified iflight documentation;

@) singlepilot crew resource management.

(b) The recurrent checks required by ORO.FC.230 shall be performed in the-gilogle®le on
the relevant type or class of aircraft in anvironmentepresentative of the operations.

(© For aeroplane operations under IFR the pilot shall have:
QD a minimum of 50 hours flight time under IFR on the relevant type or class of aerapflane,
which 10 hours are as commander; and
2) completed during the preceding 90 days on the relevant type or class of aeroplane:
) five IFR flights, including three instrument approaches, in a sipdt role; or
(ii) an IFR instrument approach check.

(d) For aeroplane operations at night thidop shall have:
) a minimum of 15 hours flight time at night which may be included in the 50 hourgifight
under IFR in (c)(1); and
(2) completed during the preceding 90 days on the relevant type or class of aeroplane:
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® threetakeoffs and landings at night in the single pilot role; or
(i) a night takeoff and landing checé.

This can be seen &R0O.FC.202specifies requirements that need to be complied with fort8P@

implemented. Section (a) provides requirements for what additions are needed in the operations manual as
well as pilot training. It is required that the pilot has undertaken SPO procedure training specifically
regarding section (a) {7).

The (b) ction specifies that recurrent checks accordifgR®.FC.230shall be performed in the single
pilot role, which will be further discussed later in this section.

(c) specifies pilot requirements for operations under IFR regarding minimum IFR flightdvawedl in the
aircraft type as well as performed takeoffs and landings in the past 90 days in IFR conditions. This
requirement could be discussazitowhether it is relevant or not for this thesis and design for SPO in
general, howevesince the configration of the crew and automation solutions is still uncertain this should
be kept in mind(d) is similar to (c) however the difference is that the minimum flight hours, takeoffs, and
landings should be performed at night.

OverallORO.FC.202provides rguirements foSPOunder IFR as well as at night in terms of training,
operation procedureand familiarization with the aircraft typ@/hen it comes to implementing SPO, the
section does not preclude it but rather provides requirements for it.

Section b) refers tdORO.FC.230- Recurrent training and checkinghich states the following

@) fiEach flight crew member shall complete recurrent training and checking relevant to the type or

variant of aircraft on which they operate.
(b) Operator proficiency check

(© Line check
(d) Emergency and safety equipment training and checking
(e) CRM trainingbo

ORO.FC.230requires that each flight crew member which in SRIDbe the single pilot flying undergoes

recurrent training and checking to ensure fitness for duty on the aircraft type. The training and checking
required includes (b)), operatorsoé proficiency che
proficiency required for operating the aircraft safely and efficiently. This is important in the case of SPO

since there is no epilot available to correct or help perform valid actions which can be seen as reduced
redundancy. Line checking is also reqdite ensure that the pilot can fly the aircraft type for commercial

line flight according to the operations manual, which also is important due to the reduced number of flight

crewmembers
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Pilots are also required to go through training in the locatidmancedures of how the emergency and

safety equipment should be used. This is regularly checked, which ensures that the flight crew is always
well-prepared for potential emergency situations. The last requirement is CRM training which is significant
for SPO since the crew resources are reduced from two pilots to one. Training and checking are to be
performed recurrently according to specified time periods ensuring the flight crew is fit for duty at all times.
In general ORO.FC.230is essential for all fiiht operations but could be argued to be specifically more
significant for SPO and should always be kept in mind when operating the afbeafiection does not
preclude the implementation of SPO but states clear requirements of what needs to be watinplied

From this regulatory investigation, no evidence has been found in RalteCAT or Part-ORO which
implies that EASA directly prohibits SRO

4.2.2 Federal Aviation Administration (FAA)

Similarly, to the European Union and EASA, the American regionhtalsamperational regulations. These
regulations are provided by FAA in 14 CFR, Chapter 1, SubchaptekitCarriers and Operators for
Compensation or Hire: Certification and Operatidfiben analyzing Subchapter G there are a couple of
parts specificallyelevant tdarge commerciadircraft and the implementation of SPO. The two most
interesting sections further investiga@Part-1217 Operating Requirements: Domestic, Flag, and
Supplemental OperatiormdPart-1351 Operating Requirements: Commuter and on Demand Operations
and Rules Governing PersoasboardSuch Aircraft These parts are Operating Requirements meaning that
they need to be complied with to operate the aircraft under the specified circumstanceseahaes.

Part-121is a regulatiorthatapplies to largeommerciakircraft during air carrier operations primarily

focused on scheduled transportation of cargo or passeklgees. it comes to the commercial airlines of

today most flight in the Americamregion is operated und@art-121. When it comes to SPO from the

perspective of FAA it seems to be much less promising than from the analysis done on EASAPhArtfact,
121has a regulation that of today does not allow SPEA 121.385Composition of flignt crew stated ( ¢ )

The minimum pilot crew is two pilots, and the certificate holder shall designate one pilot as pilot in
command and the ot hehi s emeards itnh ato mnta nids or equi r ed
pilots which clearly can be sge as an obstacle to most SPO solutions. However, it does not specify that both
pilots need to be present on the flight deck at all times.

121.543Flight crewmembers at controls, section (a), states that each crewmember must be seated and
fastened using seatbelt at his/her assigned duty station during the whole fightever, section (b)

provides some exceptions where flight crewmembers are allowed to unstrap and leave their station. It is
stated that.

(b) AA required flight crewmember may leahe assigned duty statién
(2) If the crewmember's absence is necessary for the performance of duties in connection with
the operation of the aircraft;
(2) If the crewmember's absence is in connection with physiological needs; or
3 Ifthecr ewmember i s taking a rest period, and
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The first point states that a crewmember is allowed to ldaiestation if it is necessary for the

fiperformance of duties in connection with the operation of the aicctafs, however, noturther.

explained or defined what this means and what kind of duties it applies to. It can be argued. that the general
understanding of duties in connection with the operation of the aircraft is the kigkdhat allows for the

safe and efficient opation of the aircraft. However, what tasks could be executed by a flight crewmember
outside the flight compartment is likely required to be discussedhatidated by FAATo conclude section
121.543 it is required to have two pilots onboard the airadafing operations however both pilots might

not always be required to be present within the flight compartment during the wholeFlight.21does

not directly preclude SPO, however, it is providing some potential obstacles and challenges with the
devdopment and implementation.

Within subchapter G there is another section caflad-135Operating Requirements: Commuter and on
Demand Operations and Rules Governing PersoimardSuch Aircraftwhich is also reasonable to

investigate in the case of SPIDhas a lot of similarities t®art-121,however instead of regulating

scheduled aircraft transport operatidtast-135covers air taxi fashioned on demand operatidhsre are

some differences in safety requirements between the two parts where the general understanding is that the
Part-121 criteria are tougher to comply with than the oneParft-135

When it comes to SPO, sectihB5.89- Pilot requirements: Use ofxggenis relevant to keep in mind. The

section does in no way preclude or turn down SPO however it touches upon some interesting and important
aspects of t he Tieisdction shates thakifyogeepitot laathesr duty station when at

altitudes above 25,000 ft MSL, the remaining pilot shall wear an oxygen mask until he/she returns. The main
idea of these requirements is that there should always be arpila flight deck who in emergency
situations wondt needItmiigates tha riskhaf an oxygemneask bemg fidkyta | o n e
put on or even being faulty and causing the single pilot to not be able to breathe. If during a SPO flight, there
is only one pilot present it could be argued that he/she should wear an oxygen rimagsthdurhole flight.
According to the section, if a pilot is flying above 35,000 ft MSL and does not possess an approved quick
donning type mask, they must continuously wear a secured and sealed mask. This implies that the pilot must
either wear an oxygemask throughout the flight or keep an easily accessible -gignking mask nearby.

Related to SPO and minimum flight crew is al$%.169- Additional airworthiness requirements$.covers
theairworthiness of aircraft according ¢a) which states thahiorder to operate a commuter category
airplanethatfits the category ofilarge airplane three specifRart-121sectionsneedto be complied with.
Thesesections are not SP@lated and are therefore not further investigated in this prdjeetb) section

on the other hand refers to small airplanes with more than 10 passengers and requires complidarde with
135 Appendix A 16Minimum flight crewThe appendix section proles guidelines for what is required
from the minimum amount of flight crewhe section refers to FAR3.1523which is a corresponding
section ta25.1523found inCS-25 andPart-25 however this one is from anotheghter-regulatedaircraft
type.Appendix A 16 Minimum flight crew section states
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16. fiMinimum flight crew. In addition to meeting FAR 23.1523, the applicant must establish the

minimum number and type of qualified flight crew personnel sufficient for safe operation of the

airplane consideringd

@ Each kind of operation for which the applicant desires approval

(b) The workload on each crewmember considering the follawing

(1)
(@)
3)
(4)
(5)
(6)

Flight path control.

Collision avoidance.

Navigation.

Communications.

Operationand monitoring ofll essential aircraft systems.
Command decisions; and

(©) The accessibility and ease of operation of necessary controls by the appropriate

crewmember during all normal and emergency operations when at the crewmember

flight stationo

To conclude, sectioRart-135does in no way preclude SRBDt can rather be seen as guidelines for what

needs to be fulfilled by the flight crew in the sense of duties but also workloddCRM.These guidelines

are useful for the development and evaluation of solutions and concepts for SPO.

4.3 Regulatory Landsca@ Conclusion

As a conclusion to the regulatory landscaping neither EASA nor FAA strictly say no to the implementation

of SPO in any of the investigated chapters and parts. Some criteria can be seen as challengingaftstacles

also as guidelines and regements needed to comply with in order to make SPO a resditgn be seen in

Table2. Findings from

this landscape analysiwuldbe kept in mind during the process of developing and

implementing SPO for large transport aircraft in order to mitigate bargaining discusdioniserauthorities

as well as to providihe maximum possible safety withthe operation.

Airworthiness EASA

25.1302 Installed systems and equipment for use by the flight crew
25.1309 Equipment, systems, and installations

25.1321 Arrangement and visibility

25.1303 Flight and navigation Instruments

25.1307 Miscellaneous equipment

25.1329 Flight Guidance System

25.1301 Function and installation

25.1523 Minimum flight crew

25.1525 Kind of operation
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25.671

General

25.771

Pilot compartment

25.777

Cockpit controls

Airworthiness FAA

25.1523

Minimum flight crew

Operations EASA

CAT.IDE.A.135 Additional equipmenfor single-pilot operationunderlFR
ORO.FC.200 Compositionof flight crew

ORO.FC.202 Singlepilot operationsunderlFR or at night
ORO.FC.230 Recurrentrainingandchecking

Operations FAA

121.385

Compositionof flight crew

121.543 Flight crewmembersit controls
135.89 Pilot requirementstseof oxygen
135.169 Additional airworthinesgequirements

TABLEZ2 - COMPILED LIST OFEASAAND FAAREGULATIONS RELATED TE6PO
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5 General SPO Configuration

The SPO<onfiguration is used to provide a general solution to SPO from a holistic perspective. Since the
subject of SPO is broad, selecting a suitable configuration is necessary to determine the main constraints
with a general solution that can be used for farttevelopment. It is possible that there is more than one
suitable configuration or that different configurations perform well in different scentri®sherefore

important to evaluate and select one that suits the spaictiaft and its type of @yations

To develop a suitable configuration, a preliminary analysis was done to discover the general needs for a
single pilot configuration which gave insight into the main thingsotwsideiwhen implementing SPO. As
stated in th Theoretical Frameworkhere are some existing ideas and concepts available on the subject
where the usef some new technologies and functions is introduced.

When developing new configurationvariousproduct development methods and procedoagsbeused to
assess what needs to be solved, what ways are there to sakvithich way is optimalependig on the
specificscenario The final configuration is then analyzed from the Z&certification perspective as well as
verified to the projectds gener al needs.

5.1 General Needs

Based on the project constraints, literatamed documengtudiesjnternal canpany discussiongnd project
iterations, a list of general needs has been developed through interpretation. These gene@lertieels
fundamental aspects of the project and will serve as a guide for all the proposed solutions and
recommendationg.hey are intentionally broad due to the uncertainty associated with SPO in commercial
aviation, and they can be viewed as strategies to follow during the development process. To avoid restricting
the solution space, the decision was made not to specify ¢hsarey/further. Therefore, the primary

objective of this list is to ensure that all the project outcomes can satisfy these fundameéaichigieds.

The list of needs can be seeriable3 below.
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ID Title

N1

N2

N3

N4

N5

N6

N7

N8

N9

39

Prevent single point of failure to affect
equipment

Enable both SPO and DPO

Optimize for left side SPO while still
delivering full right side SPO capability

Prevent or minimize conflicts with
regulations

Provide a solution which is technically
feasible within the near future

Description

Equipment Failure is generally worse in SPO as there
less pilot redundancy and crew resources. Therefore
equipment needs to have redundancy solutions in orde
to not allow a single point of failure to have catastrophi
outcomes.

Solutions should be optimized for SPO but also work f
DPO to align with current and future regulation as well
to make for an easier transition and implementation.

Standard SPO is to be Performed from the left seat,
however, all critical inputs and outputs for operating th:
aircraft should be possible to utilize from right hand se
as well without difficulties or increased risk.

Complying with regulations is essential. However,
conflicts with regulations is time-consuming and costly
and should therefore be avoided as much as possible.

Implementation should be feasible within the near futul
This means that the technology shouldn't be futuristic
should be rather similar to today. This also relates to
keeping costs within reasonable amounts to ensure th,
SPO is still profitable.

Provide a consistent standardized interfadene pilot to aircraft interface should be consistent in or

Prevent pilot incapacitation from having
catastrophic outcomes

Provide ergonomic use of critical inputs
from both sides

Ensure pilot is fit for duty

to reduce the workload, confusion and the overall
cognitive activity required.

Pilot incapacitation is likely to occur at some point in tin
and it is therefore crucial to be prepared by for exampl
automated or remote operation solutions

Critical switches, levers and other equipment should b
ergonomically positioned for easy and effortless acces
for the pilot. Critical inputs refer to inputs which are
mission critical such as manual control, communicatiol
etc.

In SPO there is no first-officer able to notice suspiciou:
behavior from captain. Neither is there a redundancy
similar to in DPO where the first officer is always read)
assist and take control of the aircraft if something
unexpected occurs.

TABLE 3 - GENERAL NEEDS AND STRATEGIES




When combining the scopiimitations,and constraintsf the project withthe literature researckeveral
conclusions can be matteatconsequently generate thegmeraheedsTheseneedamighthave a major
impact on the flight deck layout atite configuratiorsolutiors. For examplethe fact that the solution
shouldbe feasible within the neartfire and enable both SPO and DPO results in a flight compartinagnt
needs to have two seats from where the aircraft can be safely operated from. H8REwel, have a
dedicated sedbr the operation which is the leftand side which means that thadtionality will differ
between the seatas seen by the nee@N

In N3, Elementghatcan be considered optimized for flight deck design are most notably safety and related
aspects such as easily accessible redundancy equipment for ionitica(flight control, etc.)from the left

hand side. However, negritical inputs which can be ad to enhance the operation but are not used
frequently may be placed in more ergonomic and accessible positions from-tlenkb&idecompared to

the righthand side.

To fulfill N1 while still complying with N3 redundancy could be providég either taving three

independent pieces of equipment where two is accessible and optimized fortiamtefieat and one which
is accessible and optimized from the riglaind seat. Alternatively, there can be independent pieces of
equipment where both are assible from the lefhand side and at least one is accessible from the right
hand side since this mitigates that a single point of failure for example either failure of the equipment or
human error to cause catastrophic outcomes

In these listed needs, tleeare several which can directly or indirectly be consideréihdsofs, hence,
focusing on excelling in one area may limit the potential for success in arbtkidrbe hard to perfectly
balancehesetradeofs while being consequent, and the balance point is highly subjective and depends on
the desired goals and related ethics. Howeaver,6 s e s s e n both aidesnttradeotf sitmasonsd e r
make SPGolutions turn out as intended

5.2 Ideaand Concept Genreration on Different Configurations

The idea generation on the system configuration for SPO was donw&instorming session based on

earlier literature studies while still applying new creative thougMits main purposef the brainstorming
session i$o open a space for different solutions that address the gaps and challenges of SPO while taking
into consideration the differeitNs 0 ( Ge n & Table3. INiing tlesbjainstorming session, it was
concluded that using different configurations would be an effective system to find different ways for how a
general SPO solution could work. The configuration is in its most basic form a framework for how different
types of tasks are shared between different people and/or systeddition to this, the framework also

shows who has the primary, secondary, and postilstyresponsibility over these tasks and what capability
the specific person/system has in perforgrihe related tasks.
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5.2.1 Task Groups

It was decided that the different task groups were to be arranged on a high level to ensure that most of the
tasks within the flight crewbs respongdabled | i ti es a
Because of the wide scope of each of the categories and the uncertainty of the future SOPs, there are likely
cases where certain tasks would fit in one or more of the cated®eiesuse of the possibility for task

overlaps, the model is prone to furtliprovement once more detailed SOPs have been determined with

related CRM work and workload analysis.

The different task groups used are Aviate, Navigate, Communicate, and System Management, a
categorization system that is commonly used within the awi@tidustry[43]. A representation of these task
groups and their overlap is illustratedrigure5. However, to be able to assign ditet types of tasks more
specifically to different people/systems, these categoriesexpanded to subategories as either simple or
advancedSimple task groups refer to those which have a higher standardization and predictability whereas
advanced tasgroups are the opposite. Advanced task groups also involve tasks that have a higher likelihood
to create hazardous events if executed incorrectly during critical scefiggpisal scenarios for the

advanced task groups could be but are not limdegry high workloadsituations pilot incapacitationor
severdechnical failure.

System
Management

FIGURES - TASKGROUPSREPRESENTATION
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5.2.1.1 Aviate

The tak groupAviate includes tasks that are directly related to controlling the trajectory of the aircraft such
as roll, pitch, and yaw input¥asks that are closely associated with direct aircraft costroh asauto-pilot
settings, are also included in the tgskup. While many aviate tasks can be considered advanced due to the
amount of information that needs to be processed, the specific scenario and preconditions will decide if the
task is to be considered a simple or advanced task. Bad weather, complicaibegdttafiic, and technical

failure are examples of situations that can potentially require more information processing and more
advanced techniques to be able to aviate and thus be classified as advanced in this case. For the simple
aviation task groupcenarios such as normal cruise, approach, and decent are some examples that would fit
into the category. Other scenarios with predictable patterns such as normal landing and takeoff could also
potentially fit into this group depending on what technologwvailable and used. This means that situations
that fit in the simple category are in some cases more advanced than what automation handles today,
however, this project is conducted with a near future timeline in mind which leaves room for novel
automatio solutions to be implemented.

5.2.1.2 Navigate

TheNavigate task igpup contains tasks that increase situational awareness in the aircraft. Such tasks are to
make decisions on where to fly the aircraft and what to avoid. This is done by processing inforimation fr

the environment such as visuals, instruments, and communication. Navigate is in many ways a precondition
to enable safe and correct aviate, so there is an overlap in terms of specific tasks between this group and
aviate. Complicated navigation tasks tire@se that require extensive sensor data and/or information
processing that depends on many different factors or that have uncertainty. Simple navigating tasks are the
opposite such as applying waypoints in the system, entering holding patterns, anelatikiety straight

forward duties.

5.2.1.3 Communicate

Communication includes tasks that cover both-iakacommunication and ordinary voice communication.

When messages are transmitted or received as expected in a regular and standardized formaté¢hese can
considered simple communication. Advanced communication is primarily unigue messages that require more
knowledge about the current situations and input which are more difficult to interpret and potentially can
require a complicated response. Ultimately;nmunication either is purely for informational purposes or to
request/ recommend certain actions to be taken. | f
responsibility for the task group, the rest of the configuration system will either endabieation to act

itself or request input from another actor.
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5.2.1.4 System Management

Systemmanagementefers to both the ability to read sensor dag&form calculatiorand monitor processes

but alsathe abilityto send certain commands to the aircraf, whh doesnét directly aff
aircraft. System management thus also includes the possibility to verbally communicate within the cockpit,
monitor and verify the aircraft system, change certain avionics settings, and similar activeiadvaiced

task group for system management covers execotingnands and interpreting complicated aircraft data

whereas the simple category is for more traditional monitoring and callout such as airspesd,Wany

systems management tasksocth@nge the precondition of the flight and can thus indirectly alter the

navigation and aviation trajectory of the aircraft. This means that there is overlap between the different task
groups and specific tasks must be assigned to a group with considerattron s equent |l y, it 6s
automation is handling system management tdaskseshouldbd ayer s of securi ty. I n
also important to provide clear information to the other actors about what the automation is doing tnd why
enable humans to detect wrong decision errodgegeaincontrol.

Task Groups Example Scenarios

Aviate - Simple Passive Flying - Normal Cruise etq
Aviate - Advanced Active Flying - Take-Off, Landing,
Pilot Incapacitation, Technical

Navigate - Simple Avoid terrain
Navigate - Advanced Avoid bad weather

Communicate - Simple Standardized Messages
Communicate - Advanced Unique Messages, Receive Vocal

System Management (Verify / Monitor / Calls / Commands) - Simple¢Basic digital data, Airspeed, Altitug
System Management (Verify / Monitor / Calls / Commands) - Advanpéidual, Weather, Fire, Vocal

TABLE4 - ACTIVITIES CLASSIFICATION SYSTEM

5.2.2 Actors

It was determined that there would be 3 different types of actors that coulésakasibilityover task

groups, either aonboardp i | ot ( r e f e r r albardawtomation syisem (refetredl Joas a n
AAutmomro)an external operat or o Todgearidedntheiordedthe( r e f er r e
responsibility over the different task groups, letteere used from A to C and to decide the corresponding
capability to perform the tasks the numbers 1weBused as seen FFigure6.1 t 6 s | mportant t o
that these numbers are primitive and lack accuracy from a more degigebctive. Because each of the

task categories a group of more specific tasks, when for example one of these groups is classified with the
number 2,timeans that most of the tasks within that group can be performed but not all. Where for example

the number 3 would indicate that only a few of the reltdaskiswould be able to be performedl.dash ¢)

indicates that there is little or no capability kta perform tasks within the task group.
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5.2.3 Responsibility Priority and Task Capability

The reason for using primary, secondanyd third responsibility for different task groups is to show how
responsibility would be transferred whanincreased worklador limit of capabilitywould affect the safety

of the operationT he responsibility scheme is designed for
possibility into consideration even if there is ssapport. For example, if the tasks wit#iwmiate i

Advancectan be performed externally, there is also likely that tasks wiieitei Simplecan be

performed.This would mean that some specific tasks would overlap between groups, but the idea with the
framewor k i s not turatlsehhowit siobldite domathghe spedfibdorgiguration in
mind.

A = Primary, B = Secondary, C = Third

1 = Full Capability, 2 = Limited Capability, 3 = Low Capability, - = No Capabil

FIGUREG - RESPONSIBILITYAND CAPABILITY CLASSIFICATION SYSTEM

5.2.4 Configuration Generation

From this framework, it became possible to generate different types of configurations with their own
strengths and weaknesskstotal, four different configurations were generated with the aim to differ as
much as possible in their operation while stflblyingalogical synergies mindset to ensure the

configuration is practically usabli.was found that the pilot will generally have better capability to perform
tasksthatrequire more creativity, but automated systems have the possibility to peefoetitive tasks

better and thus careduce the workload. Within SR@any tasks will still be performed by an automated
systemeven if it is not as capable as the pilot for that specific task. The purpose tis thdnce the

workload of the pilot and keethe person focused on more critical decisitaiking tasks. This phenomenon
can be seen in the framework when a task group has a higher priority compared to the capabilithZuch as
or B3.

Figure7 provides an overview of the generated concepts, presenting a bar plot diagrantlitregthe

distribution of resourceavailablefor accomplishing different tasks among the different configurations for

each actor, and compares them to the DPO bashlintgher words, this shows the workload capabbitay
cannotbeinterpretedassafetylevelsas itdepends on several more fact@gks can be seen, the different
configurations take different approaches to replace the loss of a secondary onboardepd@gram is not

exactin terms of comparable values between the configuratindsonly provides a general model for the
distribuion, and as can be seen, concept C provides less total capability to perform different tasks compared
to the DPO baseline whereas concept D has more capability.
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Workload Capability for Generated
Configurations

¥ ®
o -

DPO Baseline A B C

o (L3

M Pilot Flying ™ Auto External ™ First Officer

FIGURE7 - CONCEPTOVERVIEW

It was also found during tHerainstorming session that ethics can dramatically change how the different
configuratiors behave in terms of who or what systhas the authority to make different decisidfishe
framework were to be evaluated with different ethical principles, itdvsiginificantly affect the

functionality of the different configurations in various situatiofs.ensure a formal and impatrtial approach
toward the configuration development, ethical considerations are not further elaborated or evaluated during
the develpment process as ethican be considered asabjective topiclnstead, an ethical model has been
created which can be applied to all configurations. This model is further explaisectionDiscussion and
Conclusion The different generated concepts are described in more detail in the headings below.

()
5.2.5 Concept A - Remote Assistance withControl Authority &

In this concept, the main idea is to transfergi@ monitoringrole in traditional DPO configuration partly

toward an external operator and patdwardonboardautomation The single pilot onboard should focus

tasks related to controlling the aircrafhereasthers are taken care of by the automayetesn onboard if
technically possible, otherwisihe external operators manage these tagies external operator should

always be available to relieve the onboard pilot from tasks to reduce the workload if the situation requires it.
There will also be SPs that require both the external pilot and onboard pilot to perform certain tasks

together, not just in nenominal situationsWhile the configuration is designed with one external pilot in
mind, itds possible to f uraltolfermore effigienhusezaesourcese gr oun
where a group of external operators would share a larger numéiecraftto further increase efficiency.

Several external operators could also join forces on a single aircraft to increase knowledge and reduce
workload among the involved ones to increase safety or handle emergency situations. The framework for this
specific configuration can be seenTiableb.
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A = Primary, B = Secondary, C = Third
1 = Full Capability, 2 = Limited Capability, 3= Low Capability, - = No Capability

SPO Configuration - Concept A

Task Groups Example Scenarios Pilot Auto  External
Aviate - Simple Passive Flying - Normal Cruise etc|
Aviate - Advanced Active Flying - Take-Off, Landing,

Pilot Incapacitation, Technical

Navigate - Simple Avoid terrain
Navigate - Advanced Avoid bad weather

Communicate - Simple Standardized Messages
Communicate - Advanced Unique Messages, Receive Vocal

System Management (Verify / Monitor / Calls / Commands) - SimpleBasic digital data, Airspeed, Altitude
System Management (Verify / Monitor / Calls / Commands) - Advanpéidual, Weather, Fire, Vocal

TABLES - CHARACTERISTICS OEONCEPTA

5.2.5.1 Aviate

Practically, this configuration uses both automation within the aircraft and an external operator to assist the
pilot. During normal operations such as taxiing, cruise,-t€kdanding and gearound, the pilot actively

controls and flies the plane with traditional assistamabautopilosystemsThere is a potential downside to

the configurationAsthe solutiorrelies on different types of new and advanced technoldiexe is a risk

that the concept could conflict with existing regulations tedeforebe less feasible

5.2.5.2 System Management

Another responsibility for thenboardautomation system is to be albdeperform certain standard operating
procedures together with tleaboardpilot in a collaborative manner teduceworkload. The idea is to
mitigate workin a similar way to a first officer would during DPO. Thandor examplenvolve tasks and
activities such as collaborative cresdsecks monitoring androcally communicating aircraft and operational
statusMoreover, the automation would also have the capability and responsibility to partly naowitor
managehe aircraft towards a higher degree thaing done today so that the system is able to spot and call
out inconsistencies and potential or actual problems in general. In this way, the systiow the pilot to
redirecthis or herfocuswhen neededviore importantly, the use of automatioroalk the pilot to maintaia
moreconsistent performance over a longer period.

For the automation to be allowed to perform one or a sequence of tasks, either immediately or when a certain
condition is fulfilled, it would have to be allowed by the extermmdrator or the onboard pilot. This ensures

that there is consistent human involvement and reduces the risk of overreliance on automation. This could
practically be achieved by providing a console to the pilot where information with what tasks the antomatio
wants to conduct and why (Sensor Data, Conditions, Scenario, etc..) followed with an accept or decline
option for the pilot. This console could also potentially be integrated with solutions for thednossc k 6 s
collaborative tasks.
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5.2.5.3 Communication and Naigation

In addition to this, the automation would also be able to moaitdrmanagéhe aircraft in such a way that it

is able to perform a set of typical ATC transmissions that may be used during normabope@ibvide

the ATC with necessary inforation.This requires the system to be able to navigate to a high degree, but the
primary responsibility of the navigation remains with the pilot.

5.2.5.4 Scenarios

In the case of an emergency where the jpitdtoardvould become incapacitated or is for somesoea

unable to perform the tasks of the ra@agxternal operator would be able to take over control of the aircraft.
This would allow the remote operator to perform the necessary tasks to bring the aircraft safely to the ground
or finish the mission. Thexternal operator would also be given the responsibility to manage the aircraft
systems if required by the scenario as well as handle the necessemnynication. In other words, the

external operator would be able to take over the aircraft in a simijaasvpilotmonitoringwould be during

DPO. However, the main difference is that there would be a limit depending on the technology used
regarding what an external pilot would be able to achieve remotely.

An external pilotwould most likely haveeducedsituationalawareness compared todittonal pilot
monitoringin DPQ due to technologlimitations such adimited sensor data and possilolatadelays.
However, there could also be potential upsides with remote pilot durifgaksitenariosfor example,
additional support on the ground can be usefdrther decrease workload and use additional knowledge
which can be applied when there is a needdivea specific problem.

In too high workload scenarios, tliesponsibility br advanced communication is transferred toetkternal
operatoras well While simplesystem management is performed by theraatmn system, complicated
tasks willalsobe transferred in the case thrboardpilot is incapacitatedDuring normal operation if the
onboardpilot reaches max workload, the external pilot takes owarplicated system management rather
than the automation system as it will likely involve complicated taslsh it would limit the capability to

@

5.2.6 Concept B - Remote Assistancewithout Control Authority [ )

performthemcorrectly.

Similarly, to Concept A, Concept B also uses an external operator to handle certaifhtaskdernal
operator does not have primary responsibility for any task gbaashould, just like in Concept, Ae
available at all times to assist theboardpilot. There are also likely specific tasthatshould be done in a
collaborative and/or parallel manner betweenatigoardpilot and external pilot as a part of the SOFhe
framework for this concept can be seefable6.

47



A = Primary, B = Secondary, C = Third
1 = Full Capability, 2 = Limited Capability, 3= Low Capability, - = No Capability

SPO Configuration - Concept B

Task Groups Example Scenarios Pilot Auto  External
Aviate - Simple Passive Flying - Normal Cruise etc|
Aviate - Advanced Active Flying - Take-Off, Landing,

Pilot Incapacitation, Technical

Navigate - Simple Avoid terrain
Navigate - Advanced Avoid bad weather

Communicate - Simple Standardized Messages
Communicate - Advanced Unigue Messages, Receive Vocal

System Management (Verify / Monitor / Calls / Commands) - Simpl¢Basic digital data, Airspeed, Altitude
System Management (Verify / Monitor / Calls / Commands) - Advanpéidual, Weather, Fire, Vocal

TABLEG - CHARACTERISTICS OEONCEPTB

5.2.6.1 Aviate

The main difference between this concept and the
possibility to perform theutieswithin the aviag¢ taskgroup, which includes the possibility to directly

control the aircraft trajectory. Insteatietsameaask resourceare achieved by using more sophisticated
automation equipment which does have higher capability compared to Concept A. This means that it can
handle emergency situations such as pilot incapacitation, however, the automation systénteaded to

fully replace a human being, only when absolutely required. By using more adwstaetdautomation
systemsnstead of a remote operator with control authdfigre is less need for technoldipatrequires

stable, secure, and higipeel datalink communicationThe ability to control and affect the aircraft

remotely comes with large vulnerabilities when it comes to cyber security which is one area where this
concepioutperforms concept Alhere is also less need for complicated systehich can provide

situational awareness to a human being rematiywever, insteadhere is a need for other types of

technical equipment which can be used to safely land the aircraft or complete the mission without any
onboardpilot.

5.2.6.2 System Management

While the external pilot lacks the possibility to directly control the aircraft, under normal operation he or she
still serves the purpose of assisting the pilot flying with system managdosematly, this assistance is

required during higlworkload scearios when there is a situation where different system management tasks
need to be performed that the automation systelnoardcannot handle.

5.2.6.3 Communication and Navigation

Tasks regarding communication and navigatam similarlydistributed as in Congé A with the exception

that advanced navigation tasks performed by automation have a higher responsibility priority compared to
Concept ANavigation is mainly an automation systems job but should be overlooked by a human.
Standardized communication isugly performed by the automation system, otherwise transferred to the
onboardpilot and as the last option toward the external pilot.
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5.2.6.4 Scenarios

While it could be argued that thieeoreticakconceptis somewhat less safe due to the lack of an extra human
beingwho has the possibility to directly control the aircraft, it greatly increases the safety in terms of
malicious external remote access from unauthorized parties. In addition to this, the fact that the automation
system only needs to be able to hamliical situations such as landing the aircraft to escape danger, the
configuration couldlsopotentially bdess expensivihan Concept A.

5.2.7 Concept C - Automation Assistance without Remote Assistane

This configuration is the simplest and has the highest technological readiness of all four as it incorporates the
least number of new functions. The concept does not use any remote assistance to perform tasks and thus
relies on the onboard pilot and theswf automation technology. It is important to note that this

configuration clashes with FAA sectid21.38% Composition of flight crewhich states that T h e

minimum pilot crew is two pilobs However, regulation specifics are likely to change with tme require

some pushing to be revisékhis clash should be considered when selecting a configuration but should not
hinder innovation. This makes the concept in general feasible from the technological and economic
perspective. The fact that few new fuoos are incorporated would also make the certification process more
straightforward compared to other configurations. As the automation technology used in the concept is
limited it cannot fully replace a second onboard pilot in terms of capability. ®higequently means that

there is fewer resources available in the aircraft in total to perform different tasks which can potentially
increase workload, both mental and physical, compared to the baseline with DPO as illuskigiee in

The framework for this configuration is shownTiable7.

A = Primary, B = Secondary, C = Third
1 = Full Capability, 2 = Limited Capability, 3= Low Capability, - = No Capability

SPO Configuration - Concept C

Task Groups Example Scenarios Pilot Auto  External
Aviate - Simple Passive Flying - Normal Cruise etc|
Aviate - Advanced Active Flying - Take-Off, Landing,

Pilot Incapacitation, Technical

Navigate - Simple Avoid terrain
Navigate - Advanced Avoid bad weather

Communicate - Simple Standardized Messages
Communicate - Advanced Unique Messages, Receive Vocal

System Management (Verify / Monitor / Calls / Commands) - Simpl¢Basic digital data, Airspeed, Altitude
i - Advanpéidual, Weather, Fire, Vocal

TABLE7 - CHARACTERISTICS OEONCEPTC

5.2.7.1 Aviate

During normal operation, the aircraft uses traditional -guiltit automation to perform cruigelated tasks.

For more complicated maneuvers and tasks such as landing, responsibilitidisndtie §te onboard pilot.

While automation has a limited capability to do some tasks related to advanced aviation, these should only
be used when necessary as they cannot provide the same kind of performance as a pilot can.
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5.2.7.2 System Management
Thesyste)r ma nagement technology is |ike the one in Con
workload, with the reservation that this concept is aimed at not incorporating a significant number of new
functions. For this reason, cresctions in collaborative amners, automatic callouts, instrument

monitoring, and similar tasks are well suited for this concept. A similar solution with a console as suggested
in Concept A could be one way to achieve these types of tasks in a similar way. A similar approach used in
Concept A where the pilot needs to approve a specific task or a task sequence to be performed by the
onboard automation system should be incorporated in this concept as well. Because the automation system
has a low capability to perform advanced taskasse¢hare reserved for the onboard pilot and not transferred to
the automation is absolutely needed.

5.2.7.3 Communication and Navigation

Simple tasks regarding communication and navigation are primarily performed by the automation system
and advanced tasks by theboard pilot. In this concept, however, the automation system has a low

capability to manage advanced communication, meaning that there will be low system support for managing
unique and nostandardized communication.

5.2.7.4 Scenarios

While the automation syatn has a limited capacity to handle advanced aircraft ceneladed tasks, the

concept isntended to be capable efergency landing and similar tasks to escape immediate danger for the
occupants. Such systems are today already increasing rapidipmolegy readiness level and are expected

to be relatively affordable to implement into new aircveithin the nearfuture. By having such capability,

in scenarios such as pilot incapacitation or specific technical failures, which can be considered the mos
severe circumstanceasequivalent safetievel as with DPO could possibly be achievathile this

automation may not be as capable as a secondary pilot, if the system is sufficiently robust, it could provide
an equivalentevel of safety to a DPO. Fimermore, a system incorporating this automation would likely be
better equipped to handle situations involving rapid depressurization and resulting flight crew.hypoxia

Another critical scenario with this configuration is procedure violation. If the gdoides to take control of

the aircraft and is locked inside the flight compartment, there is no second pilot as a last line of defense to
prevent the actions. In other words, the onboard pilot has full authority over the aircraft in this configuration.
Depending on the ethical approach used, there is a possibility for automation systems to partly mitigate this
type of problem. Generally, for this configuration, there could also be complications in demonstrating safety
from an operational perspective aseiluces redundancy in some aspects and relies on specific automation
technology to enablequivalentsafety levels as with DPO.
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5.2.8 Concept D - Advanced Automation Assistance with Remote Assistance !

This configuration is the most advanced of all four alternativémsboth an external operator with the
authority to control the aircra#ind asophisticated automati@ystem thats used throughounost of the
operation Because there is an onboailb{ a sophisticated automation system, and an external pilot, the
concept would have more capability to perform more tasks compared to a traditional DPO configuration.
This would further reduce workload and likely in some cases also reduce humanferithostration of

this can be seen Figure?.

As a result, thenboardpilot has a greater responsibility to monite aircraft whilghe automatiorsystem

can domost of the tasks required with great accuracy. This, however, does not exclude the onboard pilot
completely as the idea is that there still will be areas of responsibility where the pilot still has primary
responsibility. The automation system will mgiskrve as a workloagtlieving system and be used when

required to ensure and maintain human involvement in the operation. For situations where there is high
creativity and information processing required, the aim of the automation system is not tthenatoman

capability in this scenario which is why there is also an external operator. The external pilot will function as
another layer of redundancy and can intervene when necessary. Because of the major changes in the onboard
pil ot 6s r olr@aftwould fudttmmwith thistypea af configuratiomewkinds ofprocedures and

training wouldlikely be necessary.he framework for this configuration can be seemable8.

A = Primary, B = Secondary, C = Third
1 = Full Capability, 2 = Limited Capability, 3= Low Capability, - = No Capability

SPO Configuration - Concept D

Task Groups Example Scenarios Pilot Auto  External
Aviate - Simple Passive Flying - Normal Cruise etc|
Aviate - Advanced Active Flying - Take-Off, Landing,

Pilot Incapacitation, Technical

Navigate - Simple Avoid terrain
Navigate - Advanced Avoid bad weather

Communicate - Simple Standardized Messages
Communicate - Advanced Unique Messages, Receive Vocal

System Management (Verify / Monitor / Calls / Commands) - Simpl¢Basic digital data, Airspeed, Altitude
System Management (Verify / Monitor / Calls / Commands) - Advanpéidual, Weather, Fire, Vocal

TABLES8 - CHARACTERISTICS OEONCEPTD

5.2.8.1 Aviate

The advanced related aviate tasks would as in the other concept mainly be performed by the onboard pilot,
however, the automation system is thought to be noticeably better in this configuration to be able to perform
certain tasks with higher accuracy. émms of passive flying phases of operation such as cruise, the

aut omation system woul d h a\lightsystems whéred tleeronbdard pittonlyo n a
monitors the system.
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5.2.8.2 System Management

Simple system management tasks are perfolbgdubththe pilot and the automation system, whereas

advanced system management tasks are left to the pilot automation needs to take over. This configuration
thus further helps to decrease the pil dowdhe wor kl o
system to perform certain tasks and understand why could also be used in this configuration to the same to
prevent overreliance on automation and increase system awatéoesser, the greater complexity of the
automation system in this configticn means that its implementation wollave a largeimpact on the

overall desigrsolution.

5.2.8.3 Navigate and Communicate

Like the system management task group, the onboard pilot has primary responsibilities over the advanced
tasks in this group and for tlsampler task groups, the primary responsibility is with the automation system.
The related actorso6 capabilities to peTabl®er m t he d

5.2.8.4 Scenarios

In the case of pilot incapacitation, the aircraft has good capability to handle itself and perform necessary
emergency landing with good accuracy. By having an additional externaliRédhis concept has, in the

case of a emergency it would allow the external pilot to monitor how the aircraft automation is handling the
emergency and take over control if necessary. This arguably makes the aircraft at least as safe as DPO.
Increasing automation to the level that this cohpejpposes would require significantly more consideration

in the ethical aspects as the automation system would have more critical decisions to make. Further, the
concept also requires a significant amount of cxgmeurity for the same reason. All theaetbrscanreduce

the overall technical and economic feasibility of this concept.

5.3 Analysisand Evaluationof Configurations

To evaluate the four conceptssPEST analysis was conducted on all faine analysis specifies how the
different concepts perfm from a political, economic, sociological, and technological perspdd#eThe

four parameters are important to consider when evaluating the implementation of a new technology and
procedure since all parameters are relevant and can affgtrfbemance of an SPO configuration

The tool is an effective way to be able to explthe major differences between the concepts in this project

as all the different needs discoveredéation5.1 already isntegrated into these four categoriBy.using

the different criteria in the PEST model for analysis and evaluation rather than the needs discovered earlier,
it allows for more effectivfudgmentfor the different conceptd his isbecause thgeneraheedsaremore

specific compared to thedST criteria. If usinghegeneral needs as evaluation critetiavould be

necessary to obtaimoredetailed knowledge to evaluate the conamptectly. This is difficult at this stage

which is whythe PEST model provides a better overall comparisomdest the concepts. Trable9 to

Tablel2, the PEST analysis abnceptsA-D is presented, and tlaspectdoundpositive and negative of

each concept are marked with a plus sign respectively a minus sign.
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Political

Configuration A
+ Provides equivalent safety as DPO. Number o
operators is not limited to 2 induvial as more
support can be used from the ground. More humi
involvement makes the concept less political
challenging.

- Regulation agencies and governments might b
skeptical to the technical novelty.

- Tackling current regulation with the new functio
to be implemented may require a lot of convincir
Especially if the implementation is within the ne:
feature.

Configuration C
+ Less development of automation systems is
needed compared to other alternatives which
means fewer certification obstacles.

- Regulation agencies and governments might b
skeptical in terms of safety when relying on one
pilot alone which means that extensive testing a
proof of safety is required.

- Pilot health and fitness for duty significantly
important requiring more rigorous and frequent
health checks.

Configuration B
- Regulation agencies and governments might b
skeptical to the technical novelty and the reduce
human involvement.

- Technological implementation is feasible today
however great novel certification is required.

Configuration D
- Being new to market with a highly complex sys
makes it hard to convince people on safety,
especially for organizations with no or very limite
legacy.

- Regulation agencies will likely need to use a vi
detailed certification processes that will take a Ic
time in order to proof the aircraft airworthiness di
to the novelty of technology. This will challenge
feasibility of delivering a solution within the neai
future time span.

TABLE9 - POLITICAL SECTION OF THPESTANALYSIS




Economic

Configuration A Configuration B
+ Significant operational savings. + Significant operational saving.

+ Reduces risk of losing market share against + Good mix between opportunity and risk.
competitors if SPO is avoided and competitors h Investments will be for new but less complicated
SPO capabilities in future. functions.

- Requires advanced new function and technolog
which will be costly to implement.

- High uncertainty technology uncertainty might
make it hard motivate fundings for project.

Configuration C Configuration D

+ Significant operational savings. - Do involve many new system function which mg

it a very expensive solutions from a development

+ Does not involve many new system function perspective.
which makes it a more economical alternative frc

a development perspective - Technology cost might not justify the operationa
savings.

- Could potentially require higher pilot skills to

handle higher workload which require greater - Investment risk can be hard to motivate when

salaries. considering regulation and technology uncertainty

+ From a long term perspective, pilot training cost
can possibly be reduced as less flying skill is req
due to increased amount of system functions.

TABLE10- ECONOMIC SECTION OF THPESTANALYSIS
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Social

Configuration A Configuration B
- Social Acceptance is Difficult as much rely on - Social acceptance might be difficult because th
technology automation and lack of human lack of pilot redundancy.

verification.
- Pilot incapacitation is a major concern, more sd

- Pilots working space and duties will change  than in other configuration as there is fewer syst

dramatically. Monitoring operation will be most o function to support this scenario.

the job.

- Skepticism of the aircraft able to be controlled t
someone not onboard.

+ Provides human redundancy could make
passengers feel safer.

Configuration C Configuration D

- Pilot incapacitation is a major concern, more so - High technology novelty can lead to that the
than in other configuration as there is fewer systifeeling of sitting in an experimental aircraft migh
function to support this scenario. be hard to avoid.

- Skepticism towards the pilot flying ability to - Pilots and pilot associations might feel that the

function during high workload and emergency line of work is being threated.

scenarios. Pilot generally will experience a highi

workload in certain situations. + Easier to reach social acceptance with higher
safety.

- Social acceptance might be difficult because th

lack of pilot redundancy.

TABLE11- SOCIAL SECTION OF THPESTANALYSIS
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Technological

Configuration A Configuration B

+ Provides human redundancy in case of pilot - New and yet untested functions required to be
incapacitation or violation of operating procedure certified.

- Requires development and implementation of - Very high demands on the flight automation,
new technology for remote control, might not be critical in single pilot incapacitation and violation.
feasible within near future.

+ Remote communication likely to be feasible wit
- Sophisticated cyber security systems needed. todays technology.

+ Reduces risk of team error

Configuration C Configuration D

+ High technical feasibility as only afew new  + Greatly reduces workload.

functions regarding communication and control i¢

required. + One of the safest ways to operate and configure
single pilot operation.

- High reliance on existing flight automation, criti

in single pilot incapacitation. + Advanced technology provide redundancy whel
needed.

- High cognitive and physical workloads on pilot

to relatively few new SPO related functions - Higher system complexity consequently result it

compared to other alternatives. increased probability of some sort of failure.

- Few new potential communication technology - Overreliance on automation can be an issue.
mishaps due to little new technology.

- Difficult for pilots to troubleshoot highly
+ No risk of team error during the actual flight. automated systems.

- Feasibility within near future is likely to be
challenging due to the need of not yet developed

technology.

TABLE12- TECHNOLOGICAL SECTION OF THEESTANALYSIS




It can easily be seen by observing the figures that there is a large variety between the concepts in cost,
feasibility, political and social acceptan¥®ghile concept C could potentially be implemented within the
coming years concept D is likely tequiremany more year® be implemented into service due to the
amount of change and novel technology. It can also be seen that having social acceptance is important
mainly because passengers need to trust the configuration and the captain of the planse ttieeeniill

be no passengers and the configuration will not work in commercial service.

5.4 Screeningand Selection of Concepts

The screening process of concepts underwent two cycles. In the first cycle, the four initial concepts were
evaluated. From thisitial screening, it was found that one concept had particular weaknesses which could
be fixed with a revised concept. The concept was revised and replaced with a previous configuration in a
second screening round to be able to select the final contbpgher highest potential for the given

assumptions and constraifisthe project. The evaluation and selection of concepts were done using
evaluation matrices which used relative scoring to rank the concepts and allow for clear comparison. While
the useof relative scoring has its downside, as small and large differences becosi®dnnithe matrix

which might produce skewed results, it still had reasons for being used. Mainly, the use of relative scoring
ensures that biased opinions regarding scasingt h a hi gh | ev el of uncertain
example, itds easier to determine if one concept
much more expensive this uncertainty which would be required without relatinegsda this section, the
eliminationand selectiomprocess is further explained.

5.4.1 First Screening

The SPOs configuration is the basis of the whole solution so to continue with the project one of the concepts
needs to be selected. To strategically seldith solution to use an evaluation matrix was used. The matrix
provides a clear and simple way of comparing the concepts to each other within different areas. The criteria
which were used in the matrix for comparing the concepts are the ones addréssdrES Tanalysis. The
configuration concepts receives@bjective soreby the authorin theevaluationmatrix dependent on how

well they perform in the areas presented in the PEST. A greater number means that it is more politically or
socially acceptedhat it is more affordabjer that it has a higher technological readinesg. dore for each
concept is then summed ppovidingeach alternative a total score where the concept with the highest score

is considered most suitable. Téealuationmatrix over alternative AD can be seen ihablel13.
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Concept D

""" -]

o

...... ao
Political 2 1 0 3
Economic 1 2 3 0
Social 3 1 0 2
Technological 1 2 3 0

~
wu

total ________ 7| 66 5

TABLE13- RESULT OFFIRST EVALUATION

Tablel1l3 shows that concept A ibé¢ most suitable of the four seen from the PEST perspeCiveept A
scores relatively high in the political and social areas, which relates to the fact that it is the configuration
with the most human involvement in the controls of the airdraftnan nvolvement plays a large role in the
general acceptance of safdtyis common knowledge that one of the biggest challenges with autonomous
vehicles such as example, certo make people feel safe being inside or around them since there is no
human in ommand. The sanyincipleappliesto aircraft where for concept A, a backup solution is that a
groundbased pilotemotelytakes over control of the plane and returns it safely to the growmdto the
novelty of the automation needed for autonomous flight, the concept might not yet be accepted by the
general public as providing the feeling of safe transportati@n thouglsafety is the main priority and this
kind of solution would not be implemented before proven. safe

However, concept A was less successful in the economic and technological areas. The configuration requires
novel technol ogy f or 8orstwithrthe gilot aoweleas fartthe abditg to contneimu n i ¢
the aircraft in reatime. As of today, there is no certified method of remotely controlliogramercial

aircraft with passengerBue to the risks involveih the remotecontroltechnology it will likely require

years of testing and evaluation to prove that it is feasible as well as safe to use. There are a handful of risks
involved in remotely controlling the aircraft, for examptess of communication between the remote

operator and the airdteor even external parties taking contoblthe aircraft remotely with malicious intent.

To mitigate these riskand ensure safetgpphisticated technological solutions are needed.

Concept B is compared to concept A more beneficial in the economie@mblogical areas. This is

primarily due to not requiring equally as much novel technology and not as advanced technology since no
remote control is used. It is also important to consider that the remote operator does not need to be an
educated pilotic oncept B as it would in A. The operatorsbod
and not flying or controlling the aircraft. In the social and political areas, however, concept B scored lower
than A. This can roughly be related to the faat this now only one human pilot trusted to control the

plane.
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Concept C, which is the most basic solution, naturally performed well in both the economic and the
technological areas. This is a natural outcome of there being a limited amount of nawabigelsince this

will increase the development time and cost. There are also significant savings in operational costs due to not
having an external operation. However, having a-effitient and technologically feasible configuration

comes with the traadf of receiving low scorings in the political and social ar€mcept C comes with a

lower human redundancy in controlling the plane, but it also lacks the ability for the pilot to communicate

and discuss with an internal or external operator aboutdeavgions and actions should be maktés

means that there is only one human being trusted with the whole flight prodeduatso important to

consider that this single pilot will not have any workload relief from an external operator, meanihg that t

pil otds cognitive and maybe also physical workl oa

Concept D is compared to the other solutions a significant step towards automation. It rewrites the role of the
pilot from controlling the aircraft to monitoring the automated syst@®ue.to the great amount of novel
technology required to make this concept reality the economic and technological areas receive low ratings.
The development of the technology will be both costly and-toresuming, which might make concept D

the safest anthost efficient configuration in the long run. However, since this project aims for a solution in

the coming yearghe technology required might not developed in time E

5.4.2 Configuration Revisiorand Second Screening

As seen irthesectionbefore ConceptA wasfoundthe most suitable solution of the faarcording to the
evaluation However, since concept C had such a low scoring in the political and social areas it was decided
to revise concept C to better cover these areas. The improved configuraioalld C2 and is once again
compared against A, B, and D with relative scoring, as se€atile14.

The ideaof concept C2 is taddresshe political and social drawbacks of concept C and improve it to

receive a highescorewithout mimickingconceptsA or B. The main factor giving conpe C its low scoring

is the fact that the whole flight is dependent on
human involvement, the scoring of concept C would increase. The other concepts have solved this by having
a remote operator pporting the pilot in workload and decisiomaking or even controlling the aircrafor

concept C2ncreased human involvement is achieved by uaingnboard crew membwethich can provide
redundancyand workload relief if needed

This means at least erperson in the cabin crew requires additional training for controlling the aircraft in
case of pilot incapacitation. The person also needs to be able to perform certaiigiiot activities to
relieve the workload. To also be useful in the cabinjticahl cabin crew training would also be required.
From this point and forward in the report, thckupcrew member Vil be referred to as OEP, short for
Onboard Emergency Pilothe idea of the OEP is to take on the role of cabin crew and only assyslat

or take over the control of the aircraft in Avormal operations and emergency situations. This could
potentially mean that the OEP works in the cabawhole flight, assists the pilot in high workload
situations such as takeoff or landjimg even takes control of the plane due to pilot incapacitaBodinary
flight routines such as croestiecks and system monitoring are, however, not a part of the OEP role
description, even if competence exists from training.
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This concept creates a new fupatwithin the flight crew which naturally will put higher demands on the
individual and therefore increase operational cost. Nonetheless, there will be savings in development costs
due to the remote control and communication of the other concepts mpréeired. The concept will also

have a higher technology readiness level and from that perspective, a shorter time to market which allows
swifter SPO implementatioisince thegeneral needgoint towardthat the aircraft should have the ability to

be flown with a DPO configuration as well as with full SPO support from both seats there will be no required
changes to allow the OEP to be seafegide from the changes in the description above, the concept will

have a similar function to concept C as descrigarlier.The evaluation result for the new concept A, B, C2,
and D can be seenirable14.

Concept B D
® b

- =
Political 1 0 2 3
Economic 2 3 1 0
Social 2 0 3 1
Technological 1 2 3 0
4

Total ______ 65 9 4

TABLE14- RESULT OF SECONEVALUATION

wl
(o]

As can be seen here, the revised concept C2 did smnghest with a significant increase in political and
social areas, however to the cost of a reduced sce@imomicsThis is primarily due to the increased
operational costs of having an OEP on each flight.

Concept C2 is the most feasible within theegi constraints and timeline scope and provides the best
redundancy and safety in the sense of human pilot control since there always are two persons in the flight
crew with the ability and authority to safely land the pldr®re is a need for increasagtomation to

relieve the pilotés workload but in situations wh
to assist. The increased operational cost is significant but is a price that must be paid to implement SPO
within the next decade.
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5.5 Final Concept Descriptionand Improvement

Concept C2 was ultimately chosen as the final solution based on its performance in the preliminary
evaluations, which indicated it to be the most promising altern&toeever, it can and should be

questioned if theoncept can be classified as a tsugglepilot configuration since there are technically two

crew members with the authority and experience to fly the aircrbtiavd.The differencéetween C2 and a
conventional DPO configuration is that the mainttigrew is reduced by one pers@unsequently, the

OEP will in regular situations be in the cabin and not the flight compartment performing pilot tasks which
makes it a hybrid solution between DPO and SPO. Someg gest cal |l ing t leduceti nd o
crew operationso which could be reasonable since
dual pilot operationgdowever, this depends heavily on what the role and terms will be for the OEP.

5.5.1 Flight Crew Role

The flight crew of ojon C2 will include a certified pilot taking on the captain role, and the OEP. What is
required by the OEP depends on multiple factors such as regulations and organizationaHfaetorst,

the primary idea of the OEP is based on having a cabin crevibenemith the ability to fly the plane in

critical situations such as if the captain is incapacitadesiever, the OEP could also be useful in situations
where the captain experiences a high cognitive or physical workload. This would allow the OEmtg not o
assist the captain in emergency situations but also to provide workload alleviation whenever it is needed.

For this to become a reality regular cabin crew training will naturally not be enough to prepare the OEP for
controlling the aircraftand reliev t he ¢ apt &orsithaionswherkthe @BERItakes over the flight
controls the minimum essential activities would be to alert emergencies, fly the aircraft to an airport nearby
as well as conduct a landiribhis would in general be consideredte qui re a pil ot dés 1|ic
activities needed would only be a fraction of what is taught for traditional commercial pilots. For workload
alleviation, the OEP would conveniently have some knowledge of SOPs and other basic procedures that can
betaken care of to assist the pilot. What kind of procedures and activities this would include is uncertain at
this point and requires further investigation, which is considered out of scope for this project.

For the OEP to perform the required activitietbpilot and cabin crew training would be required

according to the regulations of today. To test the configuration and phase it into operation a certified pilot
could take on the role of OEP as a starter. This widdty not be directly economically beficial

compared to DPO however it could prove that implementation of the configuration is feasible and increases
social and political acceptance.

For the OEP to be as financially efficient as possible the least amount of training required for tlwutdsk w
be preferred. The OEP could therefore potentially be a future type of crew role with its own specific training
and certification since full pilot training would be too comprehensive.

61



5.5.2 Automation

Comparing the configuration options proposed, the technology readiness level is highest for C2 meaning that
it requires the least amount of new automation technology to become rBaditgonfiguration will not

require remote control abilities such asioptA and neither live communication nor data transfer support for

a remote cepilot such as option B. Finally, it will definitely not require the amount on novel technology as

the D configuration, howeve€2 will need new technology and automation systenmsome fields to allow

a single pilot to control the aircraft with reasonable workload and CRM. The most significant factor to why

C2 has the highest readiness las¢hatthere is no real need for automation to hasdleations like pilot
incapacitéion since these situations are handled by the @&B.means that automation development for

C2 is limited to pilot workload alleviation.

Other than the conventional automation used within commercial aviation the pilot workload needs to be
further relieved due to less crew resources. This can be done in various ways by having automation take care
of different tasks usually performed by the piMthat tasks and activities can and should be handled by
automation is athis stage not entirely certain buggends on various factors such astthee sckhndpiexity,
importance, and severitymhadeincorrectly Activities related toSOFs such ashecklists could be

automated to some degree. An example of this could be having a virtual voice reading thiegliptitd &nd

waiting for him/herto confirm verbally or physically with a buttdrefore moving on to the next s{gpin

the list.

There are different automation levels of autopilots used today and more advanced and autonomous systems
are being develope@ne example of a relatively advanced systethesutomatic landingystem These
autonomously can bring the aircraft to the airport and land it on the runway which wadsdntial for

most SPO configurations but is not strictly required by C2 sime®©EPhasthe possibility to take control of

the aircraft and land iTechnologies such as automated landing are not fully established in commercial
aviation today and therefore the social acceptance level is questidiabliever, when this kind of sy&h

is being used more frequently and is becoming more accepted and proved to be safe the configuration used
for SPO should be revised.

5.5.3 Flight Compartment

For the OERo be able to normally work in the cabin but in emergency situations quickly reach the flight

deck there are new demands on the crew, operations, and the aircraiiselfthe OEP will operate both

in the cabin and the flight compartment the desigth® flight compartment and the way the OEP can enter

is critical. For example, the OEP is required to be able to quickly enter the normally locked flight
compartment and get s eat e thisaeads thattthe Bightc@gpartmaobro t h e
needs to be designed in a way that it can be easily used by the OEP and not useuebyitiea

individuals which might be a challenging design task. It also means that the seat and harness must be easy to
use and not too complex to be quick aaguire minimum workload for the OEP to use when in critical

situations.
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It is also important to consider the accessibility for the OEP to reach the seat easily and quickly after entering
the flight compartment. Therefore, it needs to be a free passagétiayt any obstacles between the seat

and the flight compartment door. However, this can be challenging to achieve in cases where, for example, a
jump seat is being useHlights where the jump seat is used, however, are not considered very camohon
therefore, dependent on the frequency of these scenarios, the solution couddiNag/s hae two pilots

when flying with a jump seat.

The subject of flight compartment doors is widely discussed and there are many incidents and accidents
where the flight ompartment door is involved. The door is designed to keep unauthorized individuals
outside of the flight compartment which means that it should not be possible to open from outside/cabin.
However, the cabin crew is sometimes needed to enter the flightconemt to assist or communicate with

the flight crew, this cahowever be solved by having the flight crew unlock the door from inside to allow the
cabin crewmember to enter.

A common subject within aviation incidents is pilots violating rules and proesdin example of this is
locking the flight compartment door from inside while seeondoilot is on, for examplea toilet brake.

This is similar to the Germanwings Flight 9525 incident in 2015 where the First Officer locked the flight
compartment dodeaving the captain unable to enter. The pilot then proceeded with crashing the aircraft
killing all 150 occupantf45]. This leaves the violating pilot alone in the flight compartment which is a
catastrophic situation in casehere the pilot has malicious intents.

The common way of solving this issue is having a cabin crew member step inside the flight compartment
when one of the pilots leaves in order to always have at least two crewmembers inside. However, when it
comes taSPO the pilot will in most cases be alone in the flight compartmentnidass a couple of things;
First is that in case the pilot has malicious intent there is nothing stopping him/her from performing these
violations.Seconds that in case of pilot irapacitationthe pilot might not be able to unlock the door and let
the OEP inside whichouldalso result in catastrophic scenaribkird is that in critical situations where

OEP assistance is required in the flighpartmentthe pilot might be undex high workload and therefore
unableto unlock the doorThese are all situations that need to be considered when developing an SPO and
OEPRfriendly aircraft design.

When it comes to the other aspects of designing the flight compartment for the C2ratinfigihe needs
and reqguirements need to be f ur THisghowevenis &dedpérpwelt e d
of development that is not covered within this report.

5.6 Regulatory Verification of Developed Configuration

To ensure that the faized configuration can be used for further development, the concept needs to be
verified from a regulatory perspectiv&s the concept at this stage is purely theoretical and has been
designedased omeneraheeds, it becomes practically unnecessary to verify that tleestsarecomplied
with. However, external requirements such as regulation which has not been the main source for the
development of configurations naveedverification to ensure that the daguration can be realized or
determine whapotentialobstaclesand challenges needs to be handled.
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Similarly, to the regulatory landscaping, this section will be decomposed into two subsections, Airworthiness
and Operation depending on whegulatory element is discussed. The configuration selected will be
verified primarily against the regulations presenteRegulatory Landscape AnaigandForecasting

However, some new regulations are also discussed due to having relevant correlations to the specific
configuration which was still uncertain during the regulatory landscaping.

5.6.1 Airworthiness

In order to allow for SPO the aircraft needs to be ceditifiie operation with one pilot alone where some
airworthiness certification criteria become relevant to consider. It is important to make sure that these criteria
are fulfilled, and if not, address what would be needed to do this. The criteria are presémte

landscaping, and they will in this section be used for verifying that the selected concept C2 fulfills them.

This section will thus verify the configuration can comply with both EASA and FAA certification criteria.

In the CS25 category, there asehandful of criteria found which is considered significant for SPO
implementation as presentedTliablel. The C2 configuration involves one pilot present at thyhtldeck

during nominal conditions and does not have a remote operatssigivith workload, however, the OEP

has the ability to assist in critical situations. This makes it important to have other kinds of workload
alleviation solutions to allow thelpt to focus on controlling the aircraft, which is where automation comes

in. The criteria require that the pilot is not loaded with more tasks and workload than he/she is capable of
handling which means that further investigation of workload and tastatitho between pilot and

automation is required. However, managing the tasks efficiently should allow the pilot to operate without too
high a workload, and therefore the configuration should not clash with the related certification criteria such
as 25.130225.1309, and 25.1323. The other criterion in the table is not specifically more applicant to the C2
configuration than other configurations and is mostly related to technical equipment on a more specific level
than what the configurations include.

FAR 25 provided by FAA provides similar criteria as-25 by EASA when it comes to airworthiness.
There is no occurring difference in the two regulations which is considered significant for the C2
configuration which means that the C2 configuration can beaemesi compliant with airworthiness
certifications criteria from both the EASA and FAA perspective.

5.6.2 Operation

The regulations for aircraft operations are important to consider when verifying the configurations since they
involve different allocations ofperational tasks. These are the criteria that determine crew, task, and
authorityrelated subjects which are highly relevant in the context of SPO. In this chapter, the EASA and
FAA regulations are divided into separate sections.
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5.6.2.1 European Union Safety Awtion Agency (EASA)

EASA PartCAT and PadORO have relevant sections for verification of the C2 configuration. This section

will go through the significant sections and evaluate whether the configuration fulfills them or not. Some of
the sections are nptesented in the regulatory framework due to the fact that their relevance surfaced after
the configurations were evaluated in the screening processes. These will be introduced and presented when
discussed in this section.

A partCAT section that becamrelevant after the selection of the C2 conce@Ad.IDE.A.125
Operations under VFR by dayflight and navigational instruments and associated equipnvbith states
the following;

(b)Whenevetwo pilots are required for the operation, additional separate means of displaying the
following shall be available for the second pilot:

(1)Pressure altitude;

(2)Indicated airspeed;

(3)Vertical speed:;

(4)Turn and slip

(5)Attitude; and

(6)Heading.

This section is not clashing with the configtion but rather provides useful guidelines for what is required
by the flight deck in order to support critical situations where the OEP is seated within the flight
compartment. It clearly indicates that additional separate instruments of the stdtatekiaquired which

lies in line with the general needs N2 and N3. Another section that is very sim@&TidDE.A.130
Operations under IFR or at nigiitflight and navigational instruments and associated equipnv&hich
provides very similar requireemts but for a different scenario. This is also important to consider when
developingaflight deck. The same thing goes for tBAT.IDE.A.135 presented in the regulatory
landscaping.

PartORO provides a couple of important and relevant sections, nofded32. The first one is
ORO.FC.100Composition of flight crewwhich states the followindd) The flight crew member may be
relieved in flight of his/her duties at the controls by another suitably qualified flight crew member.

This section touches upoelieving the pilot from flight deck duties. It states that a flight crew member may

be relieved by a suitably qualified flight crew member which in the C2 configuration will be the OEP. What
defines a qualified flight crew member is at this point ungetiat should be considered when further

defining the OEP role. This could potentially also be seen as an indication that the OEP role can be tolerated
and accepted by regulations. FurtheiGiRO.FC.200Composition of flight creypresented in the regulayor
landscaping is also related to what can be delegated to another crew member which can be useful to consider.
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Related to the subject is al&dRO.FC.A.201In-flight relief of flight crew membemghich provides several
situations where the commander may delegate the conduct of the flight to other crew members. These
situations are for example above a specified altitude or to a flight crew member with a specified type of
training. The ORO section i&ry much in line with the OEP implementation but can only be seen as a first
step in developing the role as well as certifying it. These three sections which all touch upon the subject of
having another crew member relieve the pilot should be seentars fmisthe implementation of an OEP as

well as potentially a sign that it may be feasible in the near future from a regulatory point of view.

When it comes to the rest of the operation regulations provided by EASA in the table there is no significant
relevance to the C2 compared to the other configurations, thus C2 is considered compliant with them. This
concludes the operation regulations from the EASA standpoint and renders the C2 configuration considered
verified for operation. However, this is only early concept and the configuration and OEP role will require
further development and definition as well as being iteratively verified and ultimately approved by the
authorities before being implemented.

5.6.2.2 Federal Aviation Administration (FAA)

While the @&worthiness regulations provided by the FAA and EASA are very similar, the operation
regulations differ in some sections. When it comes to types of operations the interesting bits for this project
arePart 121andPart 135as stated in the regulatory lawdping and theoretical framework. As discussed in
the regulatory landscapiri®1.385Composition of flight crewtatesi ( ¢) The mi ni mum pi |l o
pilots, and the certificate holder shall designate one pilot as pilot in command and the otherisecond

¢ o0 mma Asdmertioned, these criteria should in general be seen as an obstacle for SPO but could
potentially be what separates C2 from the other concepts. It is not specified whether the two pilots are
required to be present at the flight deck atiales which means that if the OEP can be considered a pilot,

the configuration should be compliant with the criteria. Nonetheless, this should be further investigated,
evaluated, and discussed with the regulatory agency. The definition of the OEP Issegégjaired to be
developed and defined in order to fully determine whether it is compliant or not.

The rest of the sections presented in the regulatory framework are not significant in relevance for C2
compared to the other SPO concepts as well astifegarations level of detail, therefore C2 is considered
compliant with these criteria. This also means that C2 can be considered verified for operation regulations
from an FAA standpoint with some notes for further development and investigation ofd@&Fhrole will

look and what it will include.
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6 Specific SPO Functions

In this part of the report, the process of determining the specificfi@Rfons of the previously selected
configuration is explained. This involves analyzing potential failures and associated risks which would have
a more significant impact on the SPO configuration compared to DPO. The analysis will allow for functions
to be made fopreventing omitigating these risks. This process results in a list of specific functions to be
considered when implementing the selected configuration to provide safe and efficient operation.

6.1 Functionand Risk Analysis

To be able to undamnd the challenges with specifionfigurationsgdecided earlier in the process, a new
function analysis in the form of a new risk analysis is done to decompose the related configuration risks into
smaller and more manageable problems. The method useddmplosés first a FunctionaHazard

Analysis (FHA) followed byseveral specifi€ault Tree Analysis (FTAfor eachspecific failure conditiomn

the FHArelated to the defined configuraticBecondly, a Fault Tree Analysis (FTA) specifically arman

Factors is completedhese methods align with the part of the process used in ARP4761 and are adjusted
and implemented accordingly to fit the scope of the project.

6.1.1 Functional Hazard Analysis (FHA)

The FHA is an early step in the safety assessnreneps described in ARP478ilis highlighted as an
important and useful method for mapping different risk scenarios by connecting specifiobaaatdomes
and it is the condition in which this scenario might happen. Further, each of these séeatioslassified
as eitheMIN (Minor), MAJ (Major), HAZ (Hazardous)or CAT (Catastrophic) depending on the severity
the problermis corsidered to havd it occurs[30] [2]. In thisreport,theseclassificationsarepreliminary and
made subjectivelwithout any validationbased on early estimatasdtypical industrylevels.

Analyzing risks and judging different scenarios can be a complex process where different outcomes are
linked to what can be described as a chaotic network of causes and outdéentes.asystemati@pproach

will be usedto incorporate subjective factorsrfan initial assessment of which failure scenarios may pose a
higher risk when SPO is implemented instead of DPt@re are differenhethods thatan be used to find
these failure conditions, in this project, a decomposition of the aircraft comporiewséng the ATA
classification system is usg2i7]. A comprehensive evaluation of potential SRiated failure scenarios can
be conducted by systematically reviewthg different aircraftcomponentsutilizing intuitive thinkng and
gualitative analysis, and studying accident data and relevant literature, including a prior internal technical
report on SPO. This approach allows for a broad spectrum of potential failure conditions to be identified.
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By using the ATA classificatio system, it makes it possible to easily connect the relevant stakeholder to the
different failureconditionswhich consequentlgllows assigningnternal departments to specific related
safetyworkHowever , i tds i mport ant trittiee ins@ne cages and willnoth at AT
provide complete coverage of all failurésr each failure condition presented in this Fldisselyrelated
certificationsections from EASA C&5 are also provided to give more details for the relestakeholders

regarding how the failure condition partimpactsthe regulation which can be used in future waditke FHA

is composed as illustrated Tmble 15where one example row is presented, and the complete FHA can be

seen inTable20in Appendix A.

Functional Hazard Analysis

Function Subjective

Failure ATA- SPO Typical DPO
Referenc Function Failure Condition Failure Effect Related CS-25 Classification Classification Remarks
25 - Equipment

Loss of seat fixation Pilot unable 1301,1302,1523 In a DPO scenario, the PM has the
to control 785 authority and possibility to operate tt
5 aircraft CAT MAJ aircraft. However, in an SPO scenari

failure of the seat restraint system
would be deemed a catastrophic
event.

TABLE 15- FHA EXAMPLE

The FHAIncludesa large number of failure conditions which were later screened ddwerremaining

failure condition are marked as included in the Ti$te reason why screening was done was due to the fact

that handling that large amount of conditions would reduce the detailed focus on the rest of the reports due to
the limited time scop as well as some of the conditions not being relevant for the investigation of SPO. It

was decided to keep failure conditions related to the interface between pilot and aircraft which means flight
deck layout, flight deck automation, and similar subjdcis to their relevance for SPO. This left failure

conditions such as loss of control surface to be precluded.

6.1.2 FaultTree Analysis(FTA)

The Fault Tree Analysis (FTA) is a common tool used both in aviation and other indUs$teesol

decomposes a spécioutcome or scenario into several factors which can be the cause of that particular
outcome. This is visualized in a tree diagram with gates to illustrate the problem and it§4&8jusbs

outcome can be decomposed irgweral levels to provide a more detailed understanding of the Taelt.

method delivers similar use cases to the more product development traditional fumeios or blackox

analysis, but FTA in comparison provides a more proldeiented perspectiviewards products as well as
systemg442][47.The met hod can therefore provide valuabl e
well as where redundancy and new functions should be applieduwenprcertain outcomes.
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This analysis is particularly useful for analyzing complex products such as aifb@ftTA method is

included inthe ARP4761 safety assessment process and used during preliminary system safety assessments,
which makes it ideal fothis subject at this staggventhe novelty and uncertainty surrounding this topic

[30]. The assessmentlimited in detailfor this reasonhowever the analysiseekdo be broad in scope by

adopting a holistiperspectiveThis practically resultsin FTegwhi ch dondét fully decomy
condition into very small part3 o decompose furtheadvancement in aircradftesign would in many cases

be required to provide accurate and valuable information.

6.1.2.1 SpecificFTAs
Eachspecifictreeis analyzed separately (thus, no common fault problems are considededginates
from the unique fault conditions from the previously performed FHA.

The specific FTAs constructed in this project are based on some assumyficingire required to

understand for the analysis to make sense. The FTAs are built upon a general framework which is expanded
as needed depending on the failure condition. This framework consists of first dividing a fault condition into
either a Human Faar related problem or a technical erratthough technical errors can be caused by

human error, they are categorized in this way for the sake of simplicity in order to facilitate effective
management of the problem and related functions.

Furtheron,thé r amewor k di vi des the human f @Qapthidr dirst it o us
Officed as a human error can be Thesegtwodrnanthesarealsvays wo i nd
considered equal, meaning all potential fault reasons faraiain are the same for tHerst Officer, unless

specified otherwise. This is however not illustrated in the FTA figures for increased readability. It is also
assumed that there is alwaysAD condition between these two branches unless specified otherwise
meaning one person can al wa yThisixzoboourse a dimplifiede ot her p
assumption from reality as some actions are irreverdibtehis is no worse than faonventionaDPO, so

not too much focus has been spent on tackhiegdpotentiallyrelated issues as it considered out of scope.

Returning to the technical errors, there are either two or three branches in this framework, which is zone
divided intoLeft Hand SideRight Hand Sideand potentially & ommordepending on the fault conditiol.

is divided this wayas it suits the way the configuration is set up for the SPO and accessibility to redundancy
equipment Technical failures in general are complgth many levelsso this is normally not fully anated

and decomposed. In fact, most of tempestevel nodeshownin the diagram do have fault reasons
themselves whichrerecommended to further decompose for a better understanding of the failure and how it
can be mitigated. For this reastimetechntal error usually just decomposes into Mechanical, Electronic
and/or Softwarérrors as further decomposition would require significantly more research and data.

An extract from the complete FTA is shownFigure8 where one failure condition is decomposed. From
this extract, it can be seen how the framework is used practiChyblue boxes which can be seen in the
illustration contain the functions which tacklet specific suproblem, these are generated in the next stage
of this report and thus further explained in that seclitwe. full comprehensive diagram of all the FTAs with
unique failure conditions can be seerrigure23in Appendix B.
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FIGURES8 - SPECIFIC FTAEXAMPLE

6.1.2.2 Human Factors FTA

To identify human factorgelated issues with the selected SPO configuration, an FTA of a general aircraft
accident with human error as the main cause was constructddgsee30 in Appendix B The FTA is used

to determine the technical need and functions for addressing emerging gaps from a transition from DPO to
the selected SPO configuratiarhe FTA was decomposed with inspiration from the akattwn HFACS
model.From the HFACS, human factors issues related to organizational problems and supervisory factors
are considered as w{l8], however, this extends outside of the project scope and is therefore not expanded
any further as it wilnot have any or little influence over decisions in the project. The FTA includes a
secondary pilot téind possible DP@elated concerns as well as a collaborative error. Since the specific
FTAs are only created from a handful of failure conditions, soritieal scenarios have certainly not been
found. The failure conditions from the FHA are all ATA100 based and are therefore strongly linked to
technical failures which is why the Human Factors FTA was created where human factors and human error

based prblems also surface.
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From this FTA, it becomesvident how one less pilot decreases redundancy and thus increases single points
of failures in human factot® havingcatastrophiomutcomesThe absence of redundancy in the form of an

extra pilot becomes picularly critical in situations such as pilot incapacitation, where the pilot is unable to
perform their duties due to various reasditse same thingppliesfor pilot violation where a pilot has

malicious intent. In these caseatastrophic outcomes netdbe prevented or mitigated in other ways

for example, having the OEP of the C2 configuration ste anremote pilot step in and take over the
control.However,a pilot violation is still possibléent o d ay 6 s  cnatn butpsihdrdertas thepe will

likely be resistance by the other pilot.

The human factofTA also indicates that teamelated errors with SPO configuration are less of an issue
since there is less communication required between the captain andRlm@pared to the traditional
DPOconfiguration. Examples of teamelated errors include miscommunicatimdcultural and status
related issues. As these collaboraigsues are a significant problem in today's aviation, this provides an
incentive for te SPO configuration.

6.2 Specific FunctionsRequired

In the specific FTAs, the failure condition was decomposed into smaller more specific causes leading to the
condition. The HH-TA (Human Factor Fault Tree Analysis) also resulted in causes for failurgsrug

human factors perspective of a decomposed general accident. Through the analysis, it was possible to
interpret the different functions required to reduce the likelihood of the failure condition as well as the
general accident occurring. These fimies were generated through a process of brainstorming ideas to close
the SPO safety gaps, and while some functions may be applicable to SPO in general, or even DPO, the
functionds main aim and purpose i s verdoftefunetensand s
also occur on multiple causes and FTAs and are thus a shared function between these. The function
specification can be seenTable2lwithin Appendix C. Worth noting is that the human factors FTA

presents collaboration errors as stated in the previous section. These collaboration errors are frequently
occurring for conventional DPO flights today but will ime@stly mitigated with SPQvhich is why they are
neglected from being further used for developing functions in this project.

The function specification contains a large number of functions tailored to mitigate or prevent the occurrence
of failures and errors for SPO and the C2figumation. In the specification, the correspondent fault, failure,

or error is also presented together with what FTA the function origins from. The function specification does
a good job of presenting why the functions are created by showing what protdgnsslve; however, this
specification is not as efficient for presenting the functions only which is why the function list was created.
This list presents only the function in chronological order and can be s€ahl@22in Appendix CWhile

all thefunctionsin this list do have a more detailed level comparatiegeneraktrategies and needbeir

exact level of detail is not completely consistmbughouthe listas differentdegrees ohovelty and

uncertainty for the failure conditiaonakethe level of detail of functiodiffer. An illustration of this is

shown inFigure9 below.
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For example, the failure conditidmss of ability to reach or interact with switch/display/leigeless

specific tharLoss of proper stickiput This implies that the functions created from the two FTA
decompositions will also differ in the level of specificness. This can be seen for example in the functions
Provide position of critical displays within pilot visual rangedProvide positiorof stick within reach from
both seatsThe latter function is more specific in terms of defining what exact equipment (the stick) and
more details of the position being both seats. The first function is not as specific since it leaves the
equipment defirtion at the level of critical displays meaning that it can be whatever display or displays that
turn out to be important for the flight. It also has a vague description of the position where it refers to the
pilot. In order to further decompose or spetifis function certainty of what displays will be considered
critical is needed as well as knowledge about the potential positioning of the pilot within the flight
compartment.

6.3 Sub-Functions

In this section one of the functions previously presented willitiber developed into sufainctions or

solution concepts. This means that the function will be decomposed into a more specific detail level of how
the function would be executed. Due to the limited time of the project, only one function will be deampose
and further developed, however, this section will function as an example of how the other functions also can
be further developed in the future.

The function which will be decomposed in this section is F&%¥ide automated crosscheckifthe reason

why this function was chosen to start with is that it works really well with the processes of decompaosing and
assessing creating a clearer case to later be used as an example or guideline. This function is designed to
all eviate the pi lthetflighsby assistirg withardshecking,checklists, artd similar
procedures.

The section will also include an FHA for determining the severity of failures within thiusations. This

is important in order to evaluate if the functionality is sétfian not having it at all. The main purpose of the
selected function is to relieve the pilotds wor Kkl
functions will be assessed using the Bedford Scale presenféarkioad AssessmeiitThe Bedford Scale
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The function is in this case decomposed ihted¢subfunctionswith some key differences. The sub
functionsaredesigned to fulfill theask of the factionbut provide more detail on how it should be done
These suffunctiors can be seen asarly concepts of a solution fproviding automated crosschecking
alleviation The treesubfunctiors was generated dyrainstormingwith inspiration from théndustryand

can be seemiTable16 together witha case example of how they would be useaberation.

Function Example Task: Reduce airspeed to 100kts
Function Automation Pilot Remark
Provide automated crosscheckingy
F39.1 Provide automatic alert, Vocalized "Reduce airspeed Pilot is relieved of
verification and confirmation of 100kts" keeping track and
tasks Throttle down to reduce speed  reading checklist anc
Verifies 100kts is reached, verifying when task
Vocalized "Airspeed 100" metric is reached.
Verifies 100kts is reached, Vocaliz Also provides
"Check" or verifies by button redundant

Confirms task completion verification.

F39.2 Provide automatic verification of Read task from display Pilot is relieved of
verifying when task
metric is reached.
Also provides
redundant
verification.
Confirms task completion by butto

or vocalizing "Check"

tasks Throttle down to reduce speed
Verifies 100kts is reached,
Vocalized "Airspeed 100"
Verifies 100kts is reached

F39.3 Provide automatic alert, Vocalized "Request to reduce Pilot is relieved of
execution, verification and airspeed to 100kts" going through list,
confirmation of tasks Approve or deny request executing tasks and

If approved: Throttle down to If denied: Throttle down to reduce Verifying metrics.
reduce speed speed

Verifies 100kts is reached,

Vocalized "Airspeed 100"
Verifies 100kts is reached, Vocaliz
"Check" or verifies by button

Confirms task completion

TABLE16- SUB-FUNCTIONSWITHEXAMPLE TASK

As seen ifTable16the subsolutions are named after the origin function with an additional decimal which
specifies the subunction number. Throughothis section, the sutunctions will be referred to by their
function id meaning F39.1, F39.2, or F39.3.
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F39.1 involves more automation than F39.2 which brings a greater workload alleviation but is likely to cost
more to implement. When compared to F39.3 it involves less automation and is therefore likely less
expensive. The sufunction includes having autation taking care of potential lists of procedures which
greatly reduces the pilotbés workload of reading t
which he/she can then execute. In the example presented in the table, the tasicisdaestain metric

which in that case will be verified by automation when reached. The automation will alert the pilot that it has
verified the metric. Before the task can be confirmed and the next task in a list is initiated the pilot also needs
to verify that the metric is reached. This prevents the automation from misinterpreting data and moving on
before an important task is finished. The pilot verification can be done either vocally by for example saying
Afcheckd or by pressing a verification button.

F39.2 has less automated assistance but still provides workload alleviation for the pilot. When comparing
this subfunction to F39.1 the difference is that it does not include handling lists of tasks such as checklists
and SOPs which means that the pileeds to read the lists manually. However, the lists should be presented
digitally on a convenient display to make it efficient for a single pilot to use. F39.2 assists in verifying and
keeping track of when, for example, a metric is reached in the sayn@sw89.1. This both reduces the
workload as well as provides redundant verification of task completion. The automation vocally verifies and
when the pilot also can verify that the task is completed, he/she can now complete the task and move on to
the nex.

F39.3 is the most complex stilnction and is similar to F39.1 but can also perform automated execution of
tasks. At this level of detail, the specific tasks that are allowed by the automation are not defined but the idea
is to allow automatic executioof basic tasks which is important in high workload scenarios and that

provides workload relief for the pilot. Examples of the tasks could be reducing throttle input, lowering the
landing gear, or deflecting the flap. F39.3 is the most complex and wirdleaiating of the three,

however, it is also likely to be the most expensive.

6.3.1 Sub-Functional Hazard Analysis (Suif-unction FHA)

The subfunctions were analyzed by brainstorming potential failure conditions and compiling an FHA which

is seen infablel7. The failure conditions are presented together with failure effectaprdximated
classifications of severity as described-imctional Hazard Analysis (FHA)The FHA also presents the

severity of not having any of the functions implemented. This is based on the idea that the nominal case is a
slightly too high workload whickeaves the no function severity on MIN (Minimal).
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Sub-Functional Hazard Analysis

Subjective

Failure
Function Condition Classification Remarks
Provide automatic alert, verificatiot No function->
and confirmation of tasks MIN

Failure Effect

Loss of vocal Manual operation Means that the checklist will

output and a slight have to be followed manually,
. MIN . .
confusion and workload similar as without

Cc1 workload increast function.

Loss of Manual operation Means that the pilot will have

automatic and a slight MIN to verify alone. Reduces

verification confusion and redundancy, workload similar
Cc2 workload increast as without function.

Loss of Manual operation Means that the list has to be

automated list and a slight MIN followed manually. Workload

handling confusion and similar to without function.
C3 workload increast

Provide automatic verification of

tasks

Loss of vocal Manual operation Means that the checklist will

output and a slight have to be followed manually,
. MIN .. .
confusion and workload similar as without

C1 workload increast function.

Loss of Manual operation Means that the pilot will have

automatic and a slight MIN to verify alone. Reduces

verification confusion and redundancy, workload similar
Cc2 workload increast as without function.

Provide automatic alert, execution

verification and confirmation of

tasks

C1

c2

C3

C4
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Loss of vocal
output

Loss of
automatic
verification

Loss of
automated list

handling

Loss of

automatic task task being

execution

Manual operation
and a slight
confusion and
workload increast
Manual operation
and a slight
confusion and
workload increast
Manual operation
and a slight
confusion and
workload increast
Pilot not aware of

MIN

MIN

MIN

. CAT
incomplete

TABLE17- FHA OF SUBFUNCTIONS

Means that the checklist will
have to be followed manually,
workload similar as without
function.

Means that the pilot will have
to verify alone. Reduces
redundancy, workload similar
as without function.

Means that the list has to be
followed manually. Workload
similar to without function.

Means that automation has
failed to do what it was
supposed to do or done it
incorrectly.



The three sufunctions have the two failure conditions C1 and C2 in common. This means that these two
failures have a possible occurrence for all three and is therefore not possible to avoid them without creating a
new subfunction or reconstructing therBoth C1 and C2 have the severity classification MIN which means

that the occurrence of one of these conditions is not significantly worse than not having the function. As
stated in the failure effects, however, the conditions can lead to confusion wkthoetur when the

failure happens before the pilot understands what is wrong and how to act. If one of these failures occurs the
pilot will need to turn the system off and manually follow the list of tasks, which will not be more than a

slight increasen workload compared to not having the gubction at all. C1 and C2 are all the failure

conditions found for F39.2 which mean that its severity will not exceed having tfersiton implemented

and could therefore be seen as a feasible solution. Howke@dror C2 is combined with overreliance on
automation the outcomes can be catastrophic.

F39.1 provides automated list handling which potentially can result in the failure condition C3. Similarly to
C1 and C2, C3 has the severity classification MINsThdue to the failure effect being similar where the
pilot is required to disable the system and manually proceed with the tasks. Since only the three failure
conditions C1, C2, and C3 were found for F39.2, all with the severity MIN, thusabion can be

considered feasible from a risk aspect.

F39.3 has the capability of executing tasks and procedures which means having the authority to affect parts
or parameters of the flight. This provides workload relief under nominal conditions; however, it can
potentially lead to failure condition C3. This failure condition touches on the subject of the automation not
performing what It is supposed to or not performing it correctly. Examples of this can be not folding out the
landing gear when asked to or evefiatging the flaps when asked to fold the landing gear. This kind of
scenario can easily have catastrophic outcomieieh is why this failure condition has a severity

classification of CAT. F39.3 is the only sfilnction with a failure condition classifiesignificantly worse

than for an operation without any of the dubctions implemented. This could generally be seen as a sign
that this solutions not safe enough for implementatidtowever, if the probability of occurrence is

extremely smallthe subfunction might still be a feasible optidnut would require extensive research,

testing angroof before being implemented.

It is important to consider that the FHA only analyzes the severity of potential scenarios. There are more
parameters to evaluatjra function such as the actual occurrence of the scenarios, the actual usefulness of
the function as well as the implementation cost.
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6.3.2 Sub-Function Workload Assessment

The function providing automated crosschecking workload alleviation aims to provideadallocation

for the pilot to allow him/her to focus on other
how they fulfill their purpose before implementation. This can be done in various ways but as described in
Workload AssessmeiitThe Bedford Scaleéhe Bedford is the most suitable method for this project and at

this stage in the development process when workload is a main issue. Tlrasdadeapplied to this case

where the workload of the different scenarios will be determined for the differefirsctions. By using
comparison, one can determine which alternative provides the most workload alleviation which translates to
which alternate offers the highest performance.

Since the sulfunctions are designed to relieve workload there is no way to directly assess their impact on
the workload in an isolated event. However, by applying the differeptusidtions to a scenario where

multiple tasks are executasimultaneous! creating workload, a Bedford assessment can be applied. This
section will explain a possible scenario and walk through the tasks that the pilot is required to perform. The
scenario will then be analyzed using the Bedifszale once for each of the suinctions which will

ultimately lead to relative workload ratings for the functions.

The scenario is in this case a SPO aircraft about to perform a landing in poor weather conditions. The pilot
controls the airplane towasdhe runway while the thick rain reduces the visibility significantly. The aircraft

is lined up with the runway when ATC alerts that an emergency on the ground has left the runway unusable

for the moment. The pilot now needs to perform aagmind. Righb e f or e t he message t he
is considered high for a regular flight but when the information about taeaymd is received the workload
increases even more. The pilot now has to control the aircraft trajectory and communicate with ATC about

how and where to go to approach the other runway. In addition to this,-fr@g@od adds a few tasks such

as retracting the flaps which were deflected for landing, throttle up to accelerate, climb to a safe altitude.

This new list of tasks is wherethesulunct i ons proposed can alleviate t
Having to perform all of these tasks alone could potentially be too much for the pilot while having the
alleviating functions could make the situation manageable.
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Applying F39.1 to thiscenario would help in alerting or reminding the pilot of what tasks need to be
executed such as adjusting flaps and throttle. The execution will be done by the pilot and when the flaps are
in the correct position, airspeed is increasing and ultimatelgdirect altitude is reached the automation

will handle verification together with the pilot making sure that the tasks are completed. When following the
Bedford scale chart presentedrigure?2 this is likely to pass the first question whether it was possible or

not to complete the task. The fact that the pilot was not required to go through the list while communicating
with ATC and controlling the aircraft allowedrhiher to focus on the tasks required. This could be

considered as the workload being tolerable which means that the second question in the Bedford chart is also
passed. The workload is considered tolerable however because the pilot still has a reigliwetyrkioad

with many tasks to handle it cannot be considered satisfactory without reduction which puts the F39.1
scenario on a workload rating somewhere frat Zhe spare capacity of the pilot at this point is

significantly limited and is not considefenough to focus on additional tasks which is why the F39.1

scenario receives the workload rating of 6.

When it comes to F39.2 there will be less workload alleviation than in the previously presented scenario. The
pilot is in this case required to manabe list of tasks and is only provided relief by automation in verifying
tasks. In this case, the verification of for example flap deflected to the correct setting and safe altitude
reached will be provided. These verifications can seem to be naturaiybgtdhe pilot anyway, however in

high workload scenarios this allows focusing on other tasks and trusting the automation with monitoring.
Applying the Bedford chart the first question is passed since the task will be possible to complete, however
not toa tolerable workload due to the need of managing the list and making sure required tasks are
completed. This leaves the F39.2 scenario with a ratingBofSince the tasks can be executed but at the
l'imit of the pilotébds wespmtmgdf8ty the F39.2 scenar.i

Finally, subfunction F39.3 involves the greatest amount of automation with the feature of executing tasks.

In this scenario, the tasks of deflecting flaps and adjusting the throttle could be beneficially controlled by
automationtoréeleve t he pil otds workl oad. However, contro
altitude is suitably done by the pilot due to the potential severity of incorrect input. Similarly, to F39.1, F39.3
will manage the list of tasks and acknowledge that pf what task is required. However, the guhction

capability of executing the tasks if approved by the pilot provides even further workload alleviation

compared to the other scenarios. When applying the Bedford chart, this scenario easily pfistdsithe
guestions with Ayesod. The third question about wh
not can be answered fiyeso if the pilotés approval
significant interference with other phgal inputs or communications. This means that the workload can be
considered satisfactory without reduction if the pilot can approve vocally which in this case interferes with

the ATC communication or has a hand free for verifying with a buitbich suts this case well. Therefare

in this scenario, the workload rating received is 3 due to the workload still being significant but not too high

for completing additional tasks.
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The three ratings are dependent on the specific scenario and could in atsdikedsdiffer slightly. For
example, the F39.3 is likely to answer fAnoo on th
interfering tasks make approval of execution unfeasible or even heavier in workload than executing the task
manually. Howeer, the value added by performing the Bedford workload assessments on the different sub
functions is to be able to compare them to each other. As stated, the workload rating represents how well the
subfunctions alleviated workload in a high workload saémand can be seen as a usefulness rating. The
assessments proved F39.3 to be the most effectiviuaation in providing workload relief for the pilot in

this kind of scenario. This, however, does not naturally mean that the solution is the oneutdatesho
implemented since other factors are important to consider.

6.3.3 Sub-Function Evaluation

To conclude the sectipthree sufunctions have been created and evaluated through an FHA and a Bedford
assessment. This has provided an insight into what riskenalved in the different sufunctions as well as

how well they fulfill their purpose of alleviating workload. To briefly summarize the results F39.3 provides

the greatest workload alleviatiomoweverit has the risk of providing catastrophic outcont29.1 comes

next in the workload alleviation scale anaigected to be equivalentafe to not having the function at,all
meaning thathis can bea promising option. The last one is F3%hich provides less workload alleviation

than the other two but is still as safe as F39.1. From the parameters analyzed in this section, F39.1 seems to
be the most suitable solution at this point.

However, which sulfunction alternative should be selettso depends on other factors such as cost,

which is related to how novel the technology is, but also social and political acceptance. For example, F39.1
can seem like a better solution than F39.2, however, the latter will be less costly to devehoplememt

which might suit the aircraft developer better. Functions like F39.3 where automation executes certain tasks
can often receive skepticism from political and social standpoints. A PEST analysis could potentially be a
good addition to the evaluati@owing further assessment to build a solid basis for a qualified selection of
subfunction alternatives. This means that to make the final decision, further research, and analysis need to
be executed.
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7 Result

In this part of the report, the result oktproject is presented. This result is aimed to answer the established
research questioms thelntroductionwhich are RQ1 - What configurations for single pilot operation are
best suited within given constraints and nedd§2 - What functions would spprt single pilot operation?
RQ3 - Is single pilot operation a feasible alternative in the current environnR@2 - How could the use

of a single pilot be phased into operatioi&®# a more nuanced perspective on the answerfiseagssion
andConclusion

7.1 General Needsand Strategies

These general needs and strategies have been found through relevant literature and document studies as well
as iterations throughout the project. The needs and strategies have served numerous purposes during the
work of shaping different solutions. In mawmgays, they act as boundaries when generating both SPO
configurations and specific functions to ensure that they effectively target the actual main problems. The
needs are broad to ensure that the solution space is not limited more than necessaryaByegelsdt

means fAgeneral 6 in the s acygnceptgn thislprajdct, butmot needssanlyant f o
universal for all possible solutions. Tiable3 from Appendix C, the list of the general needs is presented

with remarks for further explanation. These general needs and strategies provide the necessary preconditions
to answelRQ1, RQ2, andRQ3.

7.2 Regulatory Findings

Throughout the projectumerousegulationsverefoundwhich may beelevantfor implementation of SPO
on large commercial aircradindhave been analyzed and investigaifdtis has been done withcus on
aircraftoperational within American and Europeairspace, thus the regulatory authorities studied are
EASA and FAA. The two authorities or agencies include a large number of regulations for all kinds of
aircraft and all kinds of operations. Therefdhe analysis was further focused on the relevard tfp
certification for airworthiness of aircraft which is R28& for FAA and C&5 for EASA. Further, the
relevant operation regulations were also analyzed which for the FAA were found to-tt8 Pand Parl35
and for EASA ParCAT and PaHORO.Table18 presents the sections found significantly relevant for the
project from theRegulatory Landscape AnalgandForecastingas well as th®egulatory Verification of
Developed Configuratian

Airworthiness EASA

25.1302 Installed systems and equipment for use by the flight crew
25.1309 Equipment, systems, and installations

25.1321 Arrangement and visibility

25.1303 Flight and navigation Instruments

25.1307 Miscellaneous equipment
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25.1329 Flight Guidance System
25.1301 Function and installation
25.1523 Minimum flight crew
25.1525 Kind of operation
25.671 General

25.771 Pilot compartment
25.777 Cockpit controls

Airworthiness FAA

25.1523 Minimum flight crew

Operations EASA

CAT.IDE.A.125 Operations under VFR by déyflight and navigational instruments ang
associated equipment

CAT.IDE.A.130 Operations under IFR or at nighflight and navigational instruments
and associated equipment

CAT.IDE.A.135 Additional equipmenfor single-pilot operationunderlFR

ORO.FC.100 Compositionof flight crew

ORO.FC.200 Compositionof flight crew

ORO.FC.A.201 In-flight relief of flight crewmembers

ORO.FC.202 Singlepilot operationsunderlFR or at night

ORO.FC.230 Recurrentrainingandchecking

Operations FAA

121.385

Compositionof flight crew

121.543 Flight crewmemberst controls
135.89 Pilot requirementstseof oxygen
135.169 Additional airworthinesgequirements

The regulation sections should be considered during the continued design andndenetfsPO to avoid

TABLE18- COMPLETED LIST OF RELEVANT REGULATION SECTIONS

legal clashes. The sections have been used within s€mulatory Verification of Developed

Configurationto verify that the C2 configuratios it this time compliant with the regulations which it was
found to be. The assessment of regulations is fundamental in ans®R@3&wgjnce the feasibility of SPO is

highly dependent on legal aspects.
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7.3 Suggested Configuration

In this section, the configuration concept that showed itself to be the most promising one in the development
and screening process is describdte suggested configuration was the only @tained fronthe

screening process as it was deemed the mostigirgy option within the given project assumptions
constraintsand needs/hile this configuration was concluded to be the best alternative in this project,
different assumptions, constraints, and needs would drastically change this result. Thelsectrarstly
answerdfRQ1 andRQ2.

7.3.1 Overview

The suggested configuration in this project is where SPO is achieved by using an-enbeaencypilot

(OEB to assist the captain (main onboard pilot) and improved automation systems for certain tasks. In
nominal cases, the emergency pilot would not be needed for flight deck duty, and the onboard pilot would be
able to independently manage and control theafirdHowever, in nomominal cases where the workload is
increased, the onboard pilot has the ability to request assistance which allows the OEP to enter the flight
compartment to relieve tasks from the captain. In the case of pilot incapacitatiofs theegification

system which monitors the status of the captain. Unless there is an adequate response to this system from the
captain, the OEP is alerted and allowed access into the flight compartment.

The OEP is intended to fully replace the cabin ondvwch means that the OEP needs to have significantly
more training. This new role is not designed to fully replace the pilot as shdwiguire 10, thus the training
and cost would be less by comparison. With the help of automation systems, a smaller number of tasks
would be required to be mastered by the OEP to perform the necegseations

R()]e

Cabin Crew Role

FIGURE10- KNOWLEDGEDIAGRAM

To ensure that thcaptain can in nominal cases independently manage and control the aircraft, an improved
automation system is used to increase awareness during the operation and a better understanding of the
environment. This is achieved by using hardware and softwaeasdnable sophistication and complexity
within the industry today and in coming yedrat has not yet been implemented into commercial aviation.
Mainly, these automated systems would replace some of the responsibilities of a traditional pilot monitoring

role.
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Automation has the capability to perform automated echegking and tasks between the captain and the
computer, monitor system parameters use annunciation to a higher degree than before. The automation
system incorporates a solution where a spetEtk or a set of tasks can be performed automatically, given

the captainbs approval. Using a clear informati on
he/she can understand why the automation system wants to perform a set of tasks@Bthisayipe of

automation system, peak workload is reduced for the captain and the OEPionmioal situations and the

risk of making decision errors is reduced.

By having an OEP, there are significantly fewer risks involved in the operation, maihlpileit

incapacitation which is in many ways considered the most critical aspect of SPO. Consequently, there is less
need for novel and advanced automation systems which would be required without an OEP to maintain a
similar level of workload capability idifferent scenarios. This makes the C2 configuration more feasible as

it would likely have fewer regulatory conflicts, better social acceptance, and be more economic due to less
need for new technology compared to other configurations. While the adbitosaequired to incorporate

a new type of role for this configuration would make it more expensive from both a training and operational
perspective compared to other SPO configurations,
timeframeand safety requirements.

7.3.2 Functions

In this part, the functions required for the implementation of the suggested SPO configuration are presented
and described. Isection6.2the potential failures and faults related to the suggested C2 configuration are
used for the development of specific functions. T
for the suggested concept primarily, but somestéirbe useful for other configurations as well. The

functions are ultimately compiled into a final list of functippesented iTable22. Each function is

rendere from one or more faults found in FTAs and thereforeesdifferent problems which potentially

could occur with the C2 configuration. Therefore each function presented in the list should be included in the
final SPO solution. Implementing the functiangans developing ideas or solutions which by

implementation execute the specific function intended.

The process of developing solutioos a little less specificallysubfunctions for the functiondias during

this project been done on one function aie to the limited time. This, however, works as a guiding

example of how further development can or should be executed. Tienstions developedriginate from

the specific function F3Provide automated crosschecking alleviatiodluded inTable22. The function

was decomposed into three different-$ubctions which were later evaluated using a detailed FHA as well

as Bedford scale workload assessments. Thisggs is presented and illustrate@ubFunctions. The

evaluation was a first step in selectingref subfunction where knowledge about the risks involved aé we

as the usefulness was gained. However further analysis is required in terms of cost, technology, political and
social acceptance to allow for a qualified selection.
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7.4 Other Configuration Alternatives

In this part, the other configurations generated éréport are briefly described and contrasted with the
suggested configuration. As the suggested concept was concluded to be the most suitable alternative for this
project, the other generated concepts may still hold value for other cases which is warg thejuded in

the result. A bar diagram of the dif fFiguref.fihte conf i g
concepts are described in further detathia sectiormable22 found in Appendix C.

7.4.1 Concept A

This configuratiorachievesSPOby having both new advanced automation technology and resooteol

capability. The automation system alleviates the workload from the onboard pilot and can perform many
nominal and nomominal tasks such as emergency landing. The reowstiol capabity provides

redundancy and can mitigate workload which the automation system does not have the capability to execute.
The remotecontrolling pilot can also be involved during the entire fljgistherole of pilot monitoring

would further monitor aircratind assist the onboard pilot when needed. This concept maintains a similar
workload capacity as DPO and has high human involverhants morevulnerableto cyber threats.

7.4.2 ConceptB

This SPO configuration uses new advanced technology, similar to céndatdoes not have fulemote
control capability, so instead this configuration relies on an emergency landing system in the case of pilot
incapacitation. Remote operation allows for tasks such as system management, communication, and
navigation to alleiate the workload, but does not have control authority over the aircraft. Consequently,
there is less human involvement, but the solution is also less exposed to cyber threats.

7.4.3 ConceptC

Concept C is the most straightforward configuration solution to &Pdparedta oday és DPO. SPO
achieved by replacing the second pilot with minimal new technology for lighter workload alleviation.
Technology that has the capability to perform emergency landings in many, but not all, situations is also
provided. The saition is economically feasible but reduces the flight crew workload capability in general

and requires the captain to always be seated in the cockpit. The concept may be challenging from a
regulatory and social acceptance standpoint for demonstratingilts safety to DPO operatioas it may

not be possibleThe demonstration of safety shoultbwever always be required before implementation of a
concept.

7.4.4 ConceptD

Concept D is an SPO configuration where the traditional pilot role has transformedoirg of a monitoring

role. Monitoring is the main responsibility and while the onboard pilot should have similar training and be
equally ready to take over control of the aircraft, the automation system has the primary responsibility over
most nominal ath norrnominal tasks. The automation system is hence sophisticated but likely very

expensive. In addition to this advanced automation system, there is also acentiaiecapability for

redundancy situations. The solutions are complex, expensive, afehgirad to develop and make feasible,

but promise a higher degree of workload capabilit
opinionés favor.
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7.5 Technology Roadmap

Presented ifablel12is a technology roadmap for SPO. The roadmap includes a compilation of the findings
throughout the project and is presented as a possible implementation timeline. The roadmap also uses the
configuration generated in the projestftirther show how SPO practically could change over time. This

roadmap answeiRQ1, RQ3, andRQ4. The roadmap provides brief explanations and descriptions of where
aspects such as technology, social acceptance, and regulations are expected to be in the future and what kind
of configuration would suit this point in time the best. The technology roadaratherefore be used as a

guide to what configuration should be developed and implemented depending on when and in what
environment the aircraft will operate.
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It is anticipated that the current level of
automation in aviation will remain
unchanged in the near future. Although
advanced technology and sophisticated
automation system may be able to fly an
aircraft in many different situation and offer
remote control capabilities, these systems
are likely to have a low readiness level and
may not be suitable for commercial aviation.

However, there is a possibility of introducing
new automation systems that can alleviate
lighter workloads and enable some SPO
configurations. Such automation systems
could include enhanced system monitoring
capabilities and enable collaborative cross-
checks between on-board pilot and
computer.

Emergency auto-land systems with limited
capability could possibly also be
implemented in aircraft within near future to
maintain equivalent safety between SPO
and DPO

Further in into the future, automation
systems are expected to reach a level where
they can handle many nominal situations to
a greater extent. This will likely resultin a
shift of the captains role from controlling to
monitoring. While the improved capabilities
of automation system could may handle
emergency situations better than before,
there may still be limitations of these
systems.

Specifically, these systems are not believed
to be capable of the same level of creativity
as humans, meaning that they may not be
able to think outside the box which in some
situations is crucial. Therefore, it is still
generally believed that certain tasks are best
performed by humans, and that human
involvement and supervision will remain a
necessary part of commercial aviation in the
future.

It is also possible that this supervision could
be achieved remotely.

In the far future, it is believed that
automation systems will reach a level where
it can handle most nominal and many non-
nominal situations. Increased system
capabilities with more sensor data and
automation "creativity" are enabling factors
for this.

Human invalvement would in that case likely
be limited to supervising the systems and
making decisions, which could change the
way which pilots are trained. With these
types of responsibilities, there may be less
need for a second pilot.

Remote control capabilities can also be a
possibility in the future if there is a strong
and reliable connection to enable accurate
situational awareness. With this technology,
scenarios such as pilot incapacitation would
be less of a concern in SPO. However,
cyber security will be a bigger issue, as well
as rule violations.

Regulations related to SPO are expected to
follow the technology readiness level as
regulatory agencies closely monitor the
progress of this technology.

Pushing for change is still necessary to
ensure progress. At this stage, some new
types of technology for SPO may require
new certification processes to demonstrate
equivalent level of safety between SPO and
DPO.

Social acceptance of SPO is still a challenge
at this point. However, introducing SPO on
shorter routes and smaller planes is
believed to be a good transition. Additionally,
enabling planes to operate with both DPO
and SPO can ease a possible transition.

As technology continues to advance and
human involvement becomes less
necessary, it is expected that many more
ethical and responsibility-related questions
will arise than what is seen today. Therefore,
completely unmanned aircraft (UAVs) are
unlikely to become a reality, especially if the
automation system does not have a similar
level of creativity and performance as a
human.

As a result, it is believed that regulations will
still require pilots to have full pilot training
and responsibility over the aircraft, and the
authority of automation will still be limited,
even if the system has the technical
capability.

Skepticism will still exist for SPO solutions,
and in the event of an accident, blame could
likely be aimed towards automation and
technology errors rather than human error.

The regulation surrounding SPO in
commercial aviation is challenging to predict
iffwhen technology has advance this far.
Nevertheless, it is likely that the political and
social landscape will play a vital role in
determining the different certification aspects
of such aircraft.

If/AWhen technology reaches this point, other
solutions such as UAV is also like being
discussed to a high degree which could
potentially change the regulatory
environment and social acceptance for SPO.

SPO regulations is therefore believed to
address even more ethical principles to
cover subject such as overreliance on
automation and accountability.

For implementing SPO, there are different
approaches and path that can be
considered. If a near future implementation
of SPO is desired, Configuration C2 may be
suitable even if it may require new types of
flight crew roles and training.

However, if automation systems can be
used in a way that they can demonstrate
equivalent safety levels as with DPO without
a new flight role and that some relevant
regulation becomes more similar between
CS23 to CS25 aircraft, it might be worth
considering the concept of Configuration C
instead.

Another strategy that can be used is to wait
for further technological improvements that
could enable the use of a different and more
advanced SPO configurations in the future.

C2

If the implementation of SPO happens when
technology has advanced to this level and
the regulatory landscape is in a similar
condition, Concept A is believed to be the
more feasible solution. It offers a balanced
mix of human involvement and automation.
However, the technology required for
Concept A is complex and may require
several new considerations and functions.

Depending on the rate of new technological
development, it may be worthwhile to wait
until an even more advanced configuration
can be implemented to improve operational
cost efficiency.

A

As Concept D is the most advanced
configuration, with both remote control
capability and sophisticated automation
systems that can manage non-nominal
situations with high performance, itis a
suitable configuration for the far future.

With remote control capability, ethical
concerns can be better handled, and thus, it
can receive high public acceptance. With
advanced on-board automation systems, it
enables efficient SPO with high safety.

In many ways, Concept D is a further
improved version of Concept A, which
means that if Concept D is feasible, so
should Concept A be.

> 4
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8 Discussion andConclusion

In this part, some thoughts, and findings regarding possible flaws with the result and recommendations for
future work are discussed and concluded. Complementing aspects of the result chapter are also discussed to
provide a broader conclusion thie topic.The chapter includes a summary that concludes the complete
projectas well as connects the project findings to the initial research questions.

8.1 Ethical Model for Configurations

The configuration framework generated and the related priorityeseguor the different configuratien

does not take into consideration the ethics and morals behind the decisions in the different taskigroups.
discussion of ethics is complex and subjective, but it will influence how the operation of a singlgipgot fl
is done and the related functgemnd solutionslt was found during the idea generatfmmocess for the
different configurationshat in practice, ethics will influence who has the final say in different decisions,
what process will be automated and what decision the pilot flyithdpe informed about. In contrast to dual
pilot operationswhere theraret wo pi | ot s &terogbimpuats fmm mdioacontmurgcation, in SPO
o ne p gudgeroentias the potential tdeterminea critical decision alone whicbould bea big risk

when it comes to procedure violation.

To put this inthe context of systendevelopment of the configations another independent framework was
created during the idea generation process. This framework can be used along with the system configuration
framework to decide which person(s)/systentiak the last say in decisions based on majority voting.

However, it is important to consider th#tis model would not be useful in system configurations where only

the pilot has the authority to make decisions, as there are no alternative commands to be cartgglered.
framework can be seenTrable19.

The framework generated consists of a weight and score model where a decision, either yed},19r no (
neutral (0) multipliedy the specific persons/systems voting weigmtSPO, the different decisiemakers
could be the pilot itself, the onboard automation system as well as external dewa&iens on the ground.
Depending on the ethics and values, these different decision makers will have different weights in their
decbions Below are some different possible weighting arrangements with examples.
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Decision Scores
Yes =1, No=-1, Netural =0

Ethical Model - Alternative #1

Pilot Auto External Total Outcome)

ScoreModel | 4 1 2 | |

Example Input
Example Scorg

Ethical Model - Alternative #2

Pilot Auto External Total Outcome|

ScoreModel | 2 1 4 | |

Example Input
Example Scorg

Ethical Model - Alternative #3

Pilot Auto External Total Outcome|

ScoreModel | 2 0 1 [ |

Ethical Model - Alternative #4

Pilot Auto External Total Outcome

ScoreModel | 1 0 2 | |
Example Input

Example Scorg -1 No
Ethical Model - Alternative #5

Pilot Auto External Total Outcome

ScoreModel | 4 2 3 [ |

Example Input
Example Scorg

Ethical Model - Alternative #6

Pilot Auto External Total Outcome

ScoreModel | 3 2 4 | @@ |

Example Input

Example Input
1 Yes

Example Scorg
TABLE19- ETHICAL MODEL FORSPOCONFIGURATIONS

Example Scorg

As can be seen, depending on how the ethics model is configured, the same type of decisions will result in a
different output. The weighting is designed to ensure there are no possible ties in dealdiuneven if

there is a neutral response from on¢hefdecisiormakersThe models above also cover both cases when

the automation system has the possibility to make decisions (value is above 0) and cases when automation
does not have the possibility (value is 0). Worth mentioning is that this is oaktraict of some possible

decision models and that there are plenty more arrangements possible depetitgrsgsiam configuration

used and which system ethic that is desired. However, since this question cannot be answered completely
objectively, itwasin this thesis projealecidecthat decisions regarding the configuratioifi not usethis

ethical modehs a basis

8.2 Human Factors

Throughoutthe process of investigating obstacles with SPO, it became evident that human factors play a
crucial role. In DI®, the secondaryilot or first officer is used foaddressing various human errors and
limitations. However, for SPO tensure safety anaintain a comparable level of workload, the integration
of automation systems becomes necessary. Nonethelessntepicof human factoiavolvesawide range

of considerations, making it challengingn@kespecific functionsas the problems are not very specific

this stage. Consequently, many errors associated with human factors give rise to needs andtbaategies
should be considered when developing other functions, rathedésigming isolated technical human factor
functions.
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For this reason, many functions which already exi
for SPO but with othergrformance requirements to ensagelivalentsafety levels. This can for example be

things such as headset durability or button sizes. Some indication of how performance requirements can be
determined are given in the remarks for the generated functitims project, however, for functions that

already exist in DPO aircraft, no requirements or remarks guiding how to set an appropriate requirement
have been determinedavhich is something that should be looked in to during future work.

8.3 Operational Aspects

Initially, it was determined that operational aspects would largely fall outside the scope of thisgsrtgsst

suitable for a product development projéébwever, as progress was made, it became appareitsthat

impact was more significant than originally anticipat@thile technical solutions can be the answer in some
cases to problems that occur with SPO, many other problems were believed to be better suited with solutions
that involved operational changes sasmew safety routines for increased overall feasibility. However, as
operational aspects were not included in the project, some of these aspects have not been considered any
further. It also appears that to provide detailed technical solutions to sGfythere is a need for

determining more specific operational principles to be able to design technical solutions which can provide
support for these.

8.4 Configurations

The configurations and their related task allocation are a simplified version of.réaktyramework used to

generate this concept provides an effective overview of different aspects of solutions. However, a more
detailed function flow analysis needs to be created to understand, hence reducing uncertainty, regarding how
different tasks irdract with each other. Currently, tasks in the framework are classified as either simple or
advanced in the groups aviate, navigate, communicate, and system management. As previously mentioned in
the report, the overlap between these groups needs to tessettiin future work. In addition, these tasks

also need to be seen from a bigger picture to understand how they interact with each other by looking at
when and in what order they occur and their impact on mental and physical workload.

8.5 Functions and Requiements

The specific functions generated in the project have been found through risk assessment processes and

human factor analysis. However, these are preliminary, and there are most certainly many more new
functions relevant for SPO in commercial aviatishich have not been discovered in this work. The ones

that have been constructed require more evaluation, such as cost and safety, to justify a possible
implementation or replacement of existing functions. To do this, the functions need to be fudifiedspe

with alternative sufunctions and solutions. Future work should also focus on finding mor&isational
alternatives to the functions presented and using tradeoff studies to show which may be more promising. In
addition to this, requirements alseed to be determined in future work, both for new $&l&ted functions

and requirements for existing functions. The need to adjust requirements in existing functions may be a need
for increased performance in certain areas with SPO. Some of the givarksen the function list indicate

what type of performance might be required for that function.
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8.6 Regulationand Social Acceptance

The aviation industry is in general a slowly changing industry where new solutions and innovations take
years tamplement. The airspace regulations are no differapaining that a large amount of the regulation
sections of today were created a long time ago for an industry that looked significantly different from the
aviation industry ofoday. Ths touches upothe challenge ofjetting novel technology and solutions such as
SPOaccepted and certified sino#st regulations are based on aircraft having at least two pilots during
operation. The regulations are of course important to comply with, however, at soméheamdustry is

likely to comply with solutions such as SPO which potentially could lead to revised sections within the
regulations. The regulations are often strongly related to social acceptance where for example if SPO were to
be socially acceptedithwould help push the regulations in the same direction. However, social acceptance
for solutions such as electric aircraft which will allow for more sustainable travel is likely to be socially
accepted before SP®!ith new technology being proven to wakd to be safe the social acceptance of

SPO will also increase and in that manner, help push the regulations.

8.7 Summary

As automation and safety technology advance, the idea of using SPO in commercial aviation is becoming

more compelling. In this projea, function and risk analysis alomgth literature studies has been conducted

to explore and clarify the general obstacles and challenges with SPO. From this, general needs and strategies
were foundwhich made it possible to design a framework for divigiasks between the flight crew and
automation. The framework was then used to generate different theoretical configuration concepts for SPO.
These concepts were evaluated with certain assumptions and constraints in mind. The concepts were then
utilized inan evaluation procesbkatreduced the number of conceptsatinal one This final concept was

then further improved with specific functions using function analysis methods in the form of risk

assessments. This product development process andR@fed/Vhat configurations for single pilot

operationare best suited within given constraints and neaals?RQ2- What functions would support

single pilot operatia?

By addressing RQ3Is single pilot operation a feasible alternative in the current envirantfend RQ4

How could the use of a single pilot be phased into operatiGus?esearch has found that SPO can be
achieved in different ways, but it requires thorough analysis and evaluation to ensure the safety and
feasibility of such solutions. Todalguman factors are a key challenge for successful implementation, and
using technology as a fallback for issues such as pilot incapacitation, high workload, and decision error and
violation is complex and requires ethical considerations.

The reporprovidespreliminarysuggestionsn the potentiapathof SPO in the future, as well as theoretical
concepts that could potentiallyad topracticalsolutions Nonethelesghereremains significant uncertainty
surrounding the subject, which must be minimieddvance further. To reduce this uncertainty, it is
necessary to conduct thorough testfigleveloped functions and systems in future work to be able to
validaie and verify parameters to ensure the feasibility of the concepts
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10.2 AppendixB 2 Fault Tree Analyses

Loss of Auto Flight

Human Factors

-

Captain

o

Technical Failure

First Officer

Common

Errors

Violation

P

Incorrect Use of Auto
Flight

Incorrect Use of Auto
Flight

Alert Questionable
Auto Flight Settings

Alert Questionable
Auto Flight Settings
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FIGURE12- FTA: LOSS OFAUTO FLIGHT (FHA REFERENCE#2)
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FIGURE 24 - HUMAN FACTORS-TA: MAIN
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FIGURE 25- HUMAN FACTORS-TA: COLLABORATIVEERROR
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FIGURE27 - HUMAN FACTORSTA: CONDITION OFOPERATORS
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