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ABSTRACT

ENVIRONMENT -BASED DESIGN (EBD) ENABLED SCENARIO ANALYSIS FOR
AEROSPACE PRODUCT DEVELOPMENT

Alexandra Miklin
The process ofrpduct development is one of the most important and congulixities
of an industrial compan especially intheaerospace domaiitherequirement®f stakeholders
play acentral role herelThose requirements come from internal and external squcggurther
in the procesaretranslated into organizational éwledge (e.g. specificationstc). Utilization
of this approved knowledge in new programs is very benefemalcan save resources for
designmayreducetherisk of failures,and mayease certification, manufacturing, maintenance

and other processes.

The development cfuchcomplex systems ignextremelychallenging process because
of their growing complexity and frequently changing product environment and requirements.
Furthermorethe development proceaffects theamountof informationor knowlede (e.g.

requirementsjo be manageldy an organization.

Building on information gainetfom past projects, this thesis propoaesethodto
structurethe knowledgethat was gainedrhe EnvironmenBased Design (EBD) methodology
a platform for characterization ofithmethod.Utilizing the EBD tool,a Recursive Object Model
(ROM), enabls a graphical representation thie knowledgefor ontology(components and
relationships) thas found withintheenvironmentbasedanalysis. In addition, an example of
analysis for théop-level requirement basd EBD methodologys provided This example

proposes an opportunity for searching specific requirements by tagging with key words. The



resultswerecompared wittamodel apprachbased on th@rcadiamethod andwasfoundto be

effective.
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CHAPTER 1 Introduction

1.1 Motivation

Product development companies must continually design and manufacture successful
products to compete in a dynamic marketplace. This makes product development one of the most
importantand complexactivities of an industrial company. &processs fundamentallybased
on stakeholdersé requirements that have been
(Nilsson & Fagerstrom, 2006)

Theserequirements are translated into organizational knowlelige.process involves
organizationakxperience, successful and approved design contents, lessons, leadmeany
other elementsThe requirements becomdumdamental and essentrt oforganzational
knowledge that plays a central roleainorganizatio® success in business, quality, reliability
and innovation. It is beneficial to utilizbis approved knowledge ithe developmenprocess of
new products. This approachnsave resources for desigimd careasecertification,
manufacturing, maintenance and other processte product lifecycle.

Development of complex systems is a real challenge sincedqu@ements angroduct
environmenfrequentlychangewith time. Accordingly, theleveragingof previouslysuccessful
design specifications for new design processes is essential to minimize the risk of mistakes and
failures.

An example of failure improject that involved partial understanding of requirements
andconstraiis wastransformationasatellite communicatiorsystem(TSAT), anorbit-to-ground
laser communication program. After Operation Desert Storm, the defense officials rdadized

there was need to increase data communicatiapabilitiessince theexisting military satellite



communicatiorsystem(MILSATCOM) wasinsufficient for thispurpose Therefore,TSAT, an
orbit-to-ground laser communication programas developedlhe program was generally-on
schedule, but with high overall costs antuncetain budgetary environmenthe programwas
based on the use of existing Advanced Extremely High Frequency (AEHF) satettieglswere
available at that time. Unfortunatelywas found later that there was no appropigterating
systemto run TSAT. The TSAT programwhich had cost about $2.3 billiowaseventually
closedby Secretarpf Defensan early 2009qRodriguez, 2014)

Dufresne (2008gxplains thathe greaterthe complexity of the systenthe largerthe
numberof requirements needed to define the systemnthermore, these requirements should be
complete as much as possibleg¢duce thgotentialof duality or ambiguity irthe data
acquisitionprocessFor this purpose, conceptual design is an essential stepmbduct
development process to eitl@ovide a high level of elicitation of new requirementsoanake
explicit the implicit ones.

This thesis proposes a methoknbwledgecreationfor thesystem design requirements
ontology, andparticularly fortheconceptual design domain of compkaxcraftsystems. This
method defines the classification possibilities and the structure of the system requirements in
order to create relationstEpvithin the knowledge base (KB)l'his makes it possible to use
previous knowledge to define new requirensefior a new product. Since the requirements are
presented in text format, an ontology and knowledgéhe ontology are required to classify
them.In addition, this thesis presents an exangbline possibilityof tagging for information
within thesearching process. This wasabledby utilization of the EnvironmerBased Design
(EBD) methodology rulesChis processvasevaluatedn parallel by models thaterecreated

following the rules of modeling arttie Arcadia MethodBonnet, 2015)



1.2 Research objectivg gquestionsand hypotheses

As mentioned abovd, is essential to managequirementsn away that will allowthem
to beutilizedin new programsrThis thesis willfollow the EnvironmenBased DesignEBD)
methodology in order tolassifyorganizational knowledge (e.g. requiremenile main

objectivesof the researchre

1. To definetaxonomesof requirementshat will fulfil parts ofthe ontologyto standardize
the classification ofequirements in text formathe tixxonomies shoulcklate to

theaircraft, scenariosrequirementsevels and other relevant information.

2. Toimprovethe knowledge base as a function of definedtaxononies

3. To definethe procesof tagging forsearchingourpose®f theknowledgebase

Formally, treseresearch objectivdsad to the definition athe followingresearch questions

(RQ):

RQ1 forObjectivetl: How to classify requirements with respect to stakeholders, entities, entity

types and relationships, functions, supported itemhefunctions and systems?

RQ2 forObjective#1: How to structur¢herequirements in order telate them tahe

knowledge basé&B)?

RQ3 forObjective#2: How to improvehe KB with regard to defined taxonaesand

relationships between entities



RQ4 forObjective#3: How to utilize and reusexistingexperiencerequirementsfunctions,
scenariosand otherkin order to assist the architect in defining newnadified requirementtor

a future program?

Theobjective of theseesearch questions to direct the research by cregthypotheses
to answerHence the research questions and the hypothises onandsummarizehe

motivation of the research and concentrate attention on the specific problems to answer.

Theabovementionedesearch questions lead to the creatiotheffollowinghypotheses

thathelp to structure and direct solution generation forctireentresearch problem

H1: Classification of requirements can be performethkgnony modek that relate to all
important groups antheir relationship. These groupmclude stakeholder needs, entities, entity

types, functions and others.

H2: Structure or organization of requirements can be performaadnoyglelingprocessThis

proceswill use auniformlanguageandkey words.

H3: Transformation ofequirementgérom textual tomodelformat with respect tdefined

taxonony groups, levels ahrelationships wilimprovethe KB.

H4: Utilization or reuseof existing experienceill be possibleby definition ofanappropriate

searchingrocesdbasdonthemodeledKB anddefinedtaxononies

A representationf the main research steps is giversectionl.4, Figure 1.



1.3 Research contributiors

The main contribution of this researchosntroduce alassification method and
structure for system design requirememksch provides knowledge fora development ontology
diagram.The method defines categories and their relationships for standardization of
requirements classification and common understanding of its structure thiglmrganizationln
addition, itallowsoneto understandhe relationships within different requiremerdadpromote
implementation othe ModelBased System EngineerifigBSE) approacho design and other

domains.

The second contribution of this research isgiaposalbf atagging method for searching
past knowledge. This methedasalso definedasdon the rules of the EnvironmeBiased

Design(EBD) methodologyby usinga performancanetwork and reduction of conflicts.

1.4 Organization of the research

Motivationfor theknowledgestructure and managemestiscussd in Section1.1 The
definition of knowledgeand structurés discussd in Sections2.5and2.6, andtheimportanceof
searchabl&nowledges coveredn Sections2.7and2.8. An outline of the researdbs

represented ifigure 1 below.



Main Purpose: To assist the aircraft and system architect in the creation of
scenarios while leveraging past knowledge

Observations Research Questions Methodology

0ol RQI
Requirements can be paraphrased

Define problem
Stakeholders and scenario
identification

in different ways and by using ¥ stakeholders, entities, entity type and relationships,

How to classify requirements with respect to } [

different words. Utilization of functions, supported items in functions and systems?

. . . Identify source of knowledge
requirements is a complicated

process, especially if

e Identify system, operations and
How to structure requirements in order to create a environment
> el

requirements are captured and i o
relationship with the knowledge base (KB)?

managed by textual files. Define requirements and needs
4
02 RQ3 [ Identify and analyze requirements
Conceptual design is a com IEA N i . and needs
P 8 P How to improve KB with regard to defined taxonomies = S—
process, which allows different " . . . [ Define classification and ]
and relationships between entities ? « relationships

opportunities, trade-off studies,
[(roe |
How to utilisc and reuse existing experience 1

solutions, etc. Incomplete Knowledge utilization

definition of relationships and . . . .
(requirements, functions, scenarios...) to assist the

[ Identify context and scenario J

hierarchy in requirements " . . - c . 4
Y 1 architect in defining new or modified requirements for [ Modeling process
complicates the knowledge - o af
o a future program? [ Searching process ]
thlzatlon process.

Figure 1: Key researchstages

Representedbove are thenain observations fahe specific problem, research questions
that were defingdand thekey research stagésading to solutions ahe problemThe current
chapter hamtroducel the research topic, research objectives, challenges and scope. In addition,
it defined theresearch questions and hypotheg¥mpter2 givesthe backgrounditerature
review, and overviewof the important aread®rming thesystem environmenthis sectionalso
describeshe principal steps othe EBD methodology thatreusedin this researchChapter3
describs the implementation ahe EBD methodology and as a result represakisowledge
for taxonomies and relationships for further opportasif implementation irAircraft Design
Requirements OntologyADRO). Chapterd concludeshe major findings of the studgnd

proposesdditional work for the future.



CHAPTER 2 Background and literature review

2.1 Aerospace product development process

An aircraft is a complerntity that includes systems, subsystems, components, software
and othersThe integration of all these with appropriate communication tools is essential for

reliable functioning of the aircratft.

According to INCOSE, a systeimacombination of interacting elements tlaag
organized to achieve ome more stated purpos@NCOSE, 2006)Furthermore, according to
(ISO/IEC 152882002)a systemis created and utilized to provide services in defined
environments for stakeholdsrbenefits. They include anteract with humans, hardware,
software, different processes and procedures, with facilities and componentsdratural
environment (e.g. water, minerals, organisms and others). The definition of a system, its

architecture and elements dependonanelr ver 6 s i nterests and respo

In general, the purpose of arrospace product development proie$s provide a
valuable producte.g. systemdr service tdhe customer. The reason isftustercustomer
satisfaction and loyalty. Tsidevelopment process the most important component of the entire
procedureThe developmenprocess includethreelevels concept, systengnd
subsystem/component levefs concept level provides a system concept description, a system
level describe the system in performance requirement tamds subsystem/component level
describes product performance éasn the subsystem aniis components, and furthermore
provides aset of detailed descriptions of the prodaassential characteristi@@epartment of

Defense, 2001)Figure2 below represents this process.
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Figure 2: Development PhasingDepartment of Defense, 2001)

In theaerospace domain, an aircraft design includes three major pbasesptual,

preliminary anddetaileddesign phases. The conceptual design starts with requirements analysis.

Here, the designeexaminea wide range of aircraft configuration concepts, perform trade

studies and ultimately settle on a single best design. The second phase is preliminary design that

is characterized by a maturation of the selected design appdetaiiedanalysisand

increasing level of confidence that the design fuifiction as desired’he termination othis

phasegesultsindif r eezeo for desi

gna

arrangementThe third steps detaieddesign. This ishemost expensivehase of the design

forbiddi

ng

processlt is characterized by detaddrawings or CAD filesof all componentscreation of

production files, procedures, design tooling and fabrication pregdests etc.(Raymer, 2012)

The major issues in aerospace product developaretite complexityof the systems

thatcomprise thenthe amount of data and information to be managedstant evolving

furthe



technologiesandchanging requirementsl heseaffect system architecture, integration between

elements of the systerandcreateadditional risks to the development of new systems

(Eppinger & Browning, 2012¢xplain that thevorld is growing more complex every
day.System environment analyst micro and macro levelsaccumulatean exponentially
increasing amount of information and data. Thisnmi@tionempowersengineerso design and
build ever more complex system&urrently howeverthe development domais overwhelmed
with more information than can be digadtwhich stimulateghe desire to characteriaad
implementeffective search and filtering of information to halressing onlyhe relevant

information for new projects.

2.2 Scenario analysis for aerospace product development

Scenarios andcenarioanalysisprocesesplay a central role itheaerospace product
development procesBNCOSE statethat £enarios and what thinking are essential tools for
designers who must cope with the uncertainty of the future. This is a strategic planning tool that
servesas a methodology for planning and decismaking in complex and uncertain
environments. The scenario creation process makes people to think creatively, it helps to see
important factors and identify requirements that might otherwise be overldN@OSE,

2006)

Kahn K.B. explainsalsothatthe scenarioanalysisprocesss atool for envisioning

alternate futures so that a strategy can be formulated to respond to future opportunities and

challengegKahn, 2010)

Aerospace Recommended Practice ARP4784pands on the use of scenario analysis in

theaerospace product development domain. The scenario analysis process here is essential for



effective identification omissing requirements early in the design procasdfor describing

the procedurem the operating and maintenance manuals. This prgces&iesclarity to users

that interact with the systean how the system is proposed to work in different operational
scenarios. Tis clarityshouldaid in the identification of missing desired behaviors or protection
features The scenarios malsodesribe the behavior of the system under different conditions
and operating modes. Eastenariacan examine a sequence of stépmsn initiation of an action

by the userthrough each action step taken by an identified system or person on the way to the
endgoal. The scenarios should cover anomalous operating conditions agalellingpossible
misbehaviorsThey may also be used to allocate specific functibhe £enariosn the

aerospace product development donaagalso useful for validation angerification purposes

(SAE Aerospace, 2010)

This procesgeads to the generatiorof new requirements and functions, and thioseirn
providing opportunity for iterative analysis areationof anew sequential series of scenarios

such asepresenteth Figure3 below.

Scenario 1 —_ Scenario 2 —_— Scenario 3

|

Scenario 4

Scenario 5

Figure 3: General creation of new sequential series of scenarios.
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Creation of scenarios is an essential activity that may involve interviews with operators
of current or similar systems, potential users, and meetings of an Interface Working Group. The
outcomes of these tdties can be expressed by models and simula(iiNGOSE, 2006)

There is a huge amount of information and datahthaebeenaccumulated bgirframe
manufacturesThis knowledge might be used for creation of new scendtifestive utilization
of this knowledges very importanthencat is essential to structurein away that will support

its utilization.

2.3 EBD Methodology and environment analysis

EnvironmentBased Design (EBD)asdeveloped over the lagireedecadegZeng,
2011) TheEBD methodologys based on the idehat the design changes the environment to a
desired one by generating a new artefact. Kehyamessagef this methodology isheimportance
of understanding problem environmerandits challengethenfocuson the milestones that lead

to solution generation.

The motto of EBDcan be expressedasDe si gn starts from the eny
forthe environment, and br i (Zeng, 2019) Bereingetle ddsignist he er

a recursive process that defines the problgenerates design knowledge, and design solutions.

EnvironmentBased Design (EBD) is a methodology that providesIsiestep
procedures to guide a designer in the environment changing fi@eegs2011) This
methodolgy includes three main interdependent activitegsironment analysis, conflict

identification, and solution generation. The newly generated solutions apply to the environment,
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and produce the new environmenhense the solution can be viewed as a mewponent of the

generated environment.

The objective oftheenvironment analysis activity is to identify the environment in which
the desired product is expedto work. This methodology explains that the environment
includes the components and the iielahips that occur between those components and the
product(Zeng, 2011)The main purpose of implemamy EBD methodology in this research is
to allow a structur@but flexible approach ithedefinition of componentsra relationships for
therequirement®ntology. Graphicallyall this knowledge will be represented by using

Recursive Object Model (ROM) diagram thetvidely usel in the EBD approach.

The first step inhe EBD methodologys to fully understanthe cesign problem. Yong
Zeng in his research paper proposed a Recursive Object Model (Z@M), 2008)

ROM is a platform forepreserinhg thedesign problem fothe EBD methodologyand
recursive logic igshe backbone of design reasoninghis model The ROM diagram was
originally developed to deal with linguistic information, Imatw iswidely usedin different
processes of analysis and understanding of differens kilhiiformation and design challergye
(Zeng, 2011)ROM can be seen as a refined representatitime@nvironment structure that
usuallyincludes three types of interaction operasiaronstraint, predicate and connection.

Pop R.explains that the theognderlyingtheROM di agram i s t he AAXI C
Desi gn MATDM). This i a logical tool that can be used to represent and reason about
object structureddere,axiomatic theory provides the designer with a logical approach. This
theory defies axioms that deal with obje¢Bop, 2011)

GonzalezA.M. alsodiscusses ROM and ATDI his researchHe states that ATDM

defines the axioms of objects as follows:
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Axiom 1: Everything in the universe is an object.
Axiom 2: There are relations between objects.
He explains thabecauseét canfollow from the axioms thadredefined above hie
characteristics of the relations plagréical role in ATDM. For this reason, it is essential to
define a set of basic relations in order to capture the nature of the object representation
(Gonzalez, 2008)

Tablel belowlists types of symbo)gheir graphic representations and their definitions
thatoccur inROM diagrans. TheROM diagram is composed of single words and their mutual
relationsthatrepresent effectely, structurally and graphically the statements or any kind of

information and thie functional relationships in the langua@eng, 2008)

] Graphic .
Type ] Definition
Representation
Object Everything in the universe is an object.
Object
) It is an object that includes at least two other
Compound Object 0 -
objects in it.
. It is a descriptive, limiting, or particularizing
Constraint -— ) )
relation of one object to another.
Relations _ It is to connect two objects that do not
Connection -- -D - _
constrain each other.
_ It describes an act of an object on another or
Predicate . .
that describes the states of an object.

Table 1. Elements ofthe recursiveobject model (ROM) (Zeng, 2008)

In addition,it is importan to mentionthatthe fundamental process of environment

analysis inthe EBD methodologys to askquestions.In this step of the analysisyo types of
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guestionan be asked he first type is generic questions for the clarification and extension of
the meaning of the design probletime second type is domain specific questions for implicit
design information related to the current design problem. The ROM diagsaarijnguistic tool

in design, is used here like a platform for generatiegafuestiongZeng, 2011)

The procedurgrulesand questiondescribedn Tables2, 3 and4, respectivelyhelpin
proceeding with thenvironment analysis, question asking steq generation dherefined

ROM diagram with components thetefound within the process.

Step 1:  Generate the ROM diagram for the design problem.

Step 2:  Ask a question using the rules given in Table 4 and
templates in Table 5.

Step 3:  Find answers to the question.

Step4: Generate the ROM diagram for the answer and
merge it back to the original ROM diagram.

Step 5:  Repeat Step 1-4 until no more questions.

Table 2: Procedure for generic question askingZeng, 2011)

Rule 1: Before an object can be further defined, the objects
constraining them should be further refined.

Rule 2: An object with the most undefined constraints
should be considered first.

Table 3: Rules for genericquestions(Zeng, 2011)

Tl For a concrete, proper, or abstract noun N Question: What is N?

T2 For a noun naming a quantity Q of an object N, such as How many / much /long / big / ... is the Q of N?
height, width, length, capacity, and level

T3 For a verb V How to ¥? Or Why 7

T4 For a modifier M of a verb V Why V M?

T5 For an adjective or an adverb 4 What do you mean by A4?

T6 For a relation R that misses related objects What (who) R (the given object)? Or (the given object)

R what (whom)?

Table 4: Question template for objectanalysis(M. Wang & Zeng, 2009)

The EBD methodology provides a roadmap as guidance for the identification of all

environment components and their relationships in each of the design stages of the product. This
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roadmap focusson definngenvironments such amtural,built andhuman through all lifecycle
stages of the product. Here thegural environmentepresentsll of the components thate
present naturally ithe product environmenihe built environment describes components that
arebuilt by humas, and thehuman environment represents people that have direct or indirect

relationshig with the product in each aits lifecycle stages.

Figure4 represents an example of a product environment categorization, with seven
lifecycle stages o product. The stages thatedefined in this example ardesign,
manufacturesales,transportationyse,maintenance, ancecycling. Each stagaayinclude
environment components that canrbpresented aspgyramid with the natural environment in

the base, built environment the middle and the human environment at theZemg, 2011)

Environment

Lifecycle

usisa(q

NI NUEA]
sajes
uoneodsue. |,
asn
NUEUNUIE
durppry

Figure 4: Roadmap for domain related environment: anexample(Zeng, 2011)

This roadmap and a procedure for identifying environment components by asking
domainspecific questions, describedTiable5, help to find and categorize the components that
exist in specific domain environmehising these procedwsenakest easer to focusonthe
identification of componentgs-a-vis thespecificenvironmentffected by the projeZeng,

2011)
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Step 1:

Step 2:

Step 3:

Step 4:

Ask and answer the question: what 1s the lifecycle
of the product to be designed?

For each event included in the lifecycle, ask and
answer the question: what are the relevant
components for natural, built, and human
environments for this event?

Generate the ROM diagram for each answer and
merge them back to the original ROM diagram.
Apply the procedure for generic question asking.

Table 5: Procedure for asking domain specifiqquestions(Zeng, 2011)

For the next step, an updated ROM diagcam be generatdtat will summarize the

results otheenvironment analysis. This diagram is a graphical representation of information

thatis foundusingthe envionment analysis proceéBan et al., 2013)

Gutierrez(2018)followed the EBD approach. Step by step frahedefinition of the

main problem, where he represented

proposedhecoreontology. Ths proposeaore ontologyhas 50 core componerand

relationships betweehem

t

w O

fifconce

The main purpose dhis ontology was to overcome communication challenges existing

in theengineering domain of mechatronic products. The ontolmagdesignedor

communicatiorpurposes in the domain of requirementd aypstem life cycle processes. Finally,

the proposed ontologyasexpected to be an initial model for communication and understanding

in multidisciplinary design project§&utierrez(2018)explained that the ontology can help teams

to define and develop specific vocabulary and requirements in their domain of interest. This will

extend the ontology with new components particular to a domain of interest. The relationships

(verbs) in the ontology also may suggest how to develop and Iggwahage requirements

during the design process. He introduced that his development was an initial stage, and further

research in design guidelines is needed.
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In this researchthe EBD methodology will bexaminedor its capabilityas a suitable
platform for developingtnowledge foraircraftdesignrequirement®ntologies. By folloving the
main procedure of the methatien probingecursivelyinto domain specific information, a trial
will be conductedo introduce the list dkey comporents andher relationshipsThe
relationshipsand/or componentsan be used fdurthersearching of relevant information that
stored intheknowledge baseAn exampleof definition ofkey words for tagging procesgsl
also be providedrhis process wilassist with theharacterizatiostepfor later possible
development othe software searching procelsased on th&EBD methodology.

One of the main design activitiestime EBD methodology is conflict identification
(Zeng,2011) The product environment includes many components. Usually, conflicts exist
between those environment components or in the relations between these con{Somegitsl.,
2011) This is furtherexplained(Zeng, 2014)fiConflict is rooted in the nature of design
problems, in that there is a conflict between form and function, and between design problem and
design solutions 0

In this thess, the EBD methodology provides guidance and hétpglentify existing
potential conflictsimplementation of the rules tie EBD methodologyaredirecedatresohing
these conflictgSun et al., 2011)

The EBD methodology explaingeng, 2014}hat a conflict refers to ansufficiency of
resources for an object to producdesired action on its environmemnto accommodate the
object 6s act i o.MThewemayhe tifferer actionsritbeprodeiat énvironment
that couldappealasinteractions betweetihem Those interactionsiayalso consumresources.
The resource is a trigger for an action #melresource igsually consumed before interactson

occur TheEBD methodologyhasalsodefined two kinds of conflictsactive andreactive. Active
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conflict refers to an insufficiency of resourdes an objecin order to produce a response from
that object. Reactive conflicin turn,refers to an insufficiency of resources to accommodate an
object or the responses from the objétbrderto identify and respond to the conflicts, the
active actions can bextractedfrom the ROM diagramThe ROM diagram represesthe
productenvironment system behind a design problem staterfieeactions will be checked for
possible combinations of interactions that could lead to conflicts.

Figure5 below represents four kits of basic interactions that can be identified in the

ROM diagram. Here, each action verb defines one interaction.
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Figure 5. Basic actions and responses on an object: ROMpresentation(Zeng, 2014)

The result of the environment analysis will be an interaadigpendency network. This
network represents the dependency of relations between interactions atd ldadtification
of theconflicts(Zeng, 2014)

The EBD methodology considers the undesired conflicts in the existing environment as
the driving force of desigrii By p r o p etion of all #hase dorfflicts; adesigner will be

able to develop satisfact eng,26DdI uti ons f or
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Figure 6: Environment-Based Design: Processlodel (Zeng, 2011)

Furthermore, as shown in Figurel6Re cur si ve resol ution of
can be conducted through environment decomposition, which will identify the key conflict to
st ar t(Zeng, 2005)

TheEBD methodology has proven effective in many applicat{das et al.,
2013)(Gutierrez, 2018)Pop, 2011)(Tan et al., 2012)t can be used in different wayssing
everyEBD step oionly somegdepending on the requirements of the researc@ersain steps of
this methodology must be performed sequentially from the very beginning of the gnakhytas
othess can be used or nalepending on the direction of the reseaWwhen implementing the
EBD methodologyor thedevelopment ofADRO (Aircraft Design Requirements Ontologie
main steps oftheanalysis (linguistic and environmentgre utilized

Linguistic analysiss supported bya ROM diagram which should be usatiroughout the
entireanalysis and representation steps tditied results. The final results aagepresentation
of thecomponents and relationshithat represerknowledge for ADRO

The environment analystan moveecursively andor by proceedinglownthrough
different hierarchical levels of information lagkingquestionsaand answeringhem following

the rules othe EBD methodologyThis analysisnvolves a decomposition process that includes
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aspects of thaatural,built andhuman environments throughdbk different lifecyclestagesof
the mainconstrained word

The abovementionedanalysisprovides a structured way to define componéatg.
knowledge)or ontology with an efficient level of modularitizollowingthis direction in the
research its easy to updater enricheach part ofheontology and at the same time does not
interfere with other parts.

The EBD approach can focus and guide engineersted specialistio search for
relevant information (requirements, designs, repetts) throughout the ontology. It can also
reduce misdkes, save timandresourcesand can be suggested as a supportive method for junior
engineers.

The main reasofor using EBD is thathe methodologycan assist iextractng more
relevant and focused information in shpetriod oftime compared t@mther approache&BD has
the advantage and the capability of identification and representation of the key environment
components and their relationships intuitively, which is helpful for understanding the design

concepts in a logical and systematic mar{iian et al., 2013)

2.4 Purpose of requirements and requirenent analysis

AProduct requirements are descriptions of
engineering design, just as in all other design problems, the efficient, precise, and complete
specification of design requirements is criticallé@signers are to deliver a quality design

solution within a reasMWalgk£eng, 20000 e of cost an
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According to Weissman et al. the developing process of a new eheetiisanical device
begins with the generating of product design requirem&htsse describe the functions of the
desired producindthe operational environment, aateexpressed as requirement statements

(Weissman et al., 2011)

A logical management processnecessarfor these requirements. This procshsuld
support the collection, analysis, and validatiothefrequirements. Ishouldsuppl an
appropriatglatform of communication and negotiations within the teams in an organization.
This processhouldtrigger elicitation of new requirements, better untirding of the

stakeholders needs asldouldsupportof the architecturef thedesign proces8NCOSE, 2006)
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Figure 7: Operators, users andstakeholders(Arnold & Lawson, 2004)

Figure7 above represents in general the basic communications within the requirements
elicitation process fathe purpose of capturing the needs of stakeholders, operators and users
across systems boundaries. The requirements analysis and elicitation process is an iterative one

and it benefits from continuous communication and validation with stakeh¢INEI®SE,
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2006) This process is the backbone in the definition of project bound®égartment of
Defense, 2001)

Within the requirements analysis process, system engineers elicit the real system
requirements and the emergpnbperties of the system and reduce complexity to avoid

unexpected and unpredictable behawiaf the system and undesirable rfifiRCOSE, 2006)

Weissman et atliscuss relating the requirements analysisthaélicitation process.
This process, for a new product, can require significant time and expertise. They state that the
designer can choose to write the requirements from scratcanatilize requiremergfrom
prior designed products. They believattteusing existingequiremergis a possible approach

for ensuring completeness and to reduce the itim@ved (Weissman et al., 2011)

2.50rganizational knowledge:requirements,design and other documents

The requirement statements, scenadesjgn documents, validation and verification
protocols and reports are only a part of organizational knowledge. This knowledge can represent
the unigueness of the product and might have a specific effect on organizational involvement in

the global marketFor this and other reasoiitsis importart to manage this knowledgeoperly

In this research attention will be focused on the structure of requirement statements.
Structured product requiremerdase more likely to lead tthe stability of an organizat o n 6 s
knowledge platform. For this reason, the competitive market is increasingly interested in

leveraging successful product requirements from previous prdj@etesne, 2008)

Weissman et abtated that requirements development is an important part of the product

development process. Any incompleteness, ambiguity or inconsistency here can lead to
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unnecessary design iterations and increased design time and cost. They explain that many
organizaibns now use a word processor approagbrépare theequirements statements. This
makesthe process inconsistemtith the meaning o¥ocabularythat istransferred from one

speciality to anotheaindit compromiseshe ability to searckffectively(Weissman et al., 2011)

According to Soon Chongphnson Lim et al., in today's marketplace, which is
overflowing with a range of products with varying functional complexity, organizational
knowledge management is of great importance. This process refers to efficient storage of
knowledge and timely retrieval, which becomes more complex. They suggest that ontology can
be a very promising approach for knowledge management, sharing and refitev&howledge
management approablelps to improve the completeness of the design irdbom modeling
process. It also simplifies and structures the change management process. Therefore, they believe
that this process is very important for design analysis and timely decision njlakmnet al.,

2009)

2.6 Organizational knowledgeclassification

Knowledge classification has different approaches and tggmiSome researcise
classify knowledge logically or semanticalguch advy usingataxonomy approacior in an
ontology representation.

Dufresne S. provides an example of taxonomy for system requirements. He explains that
taxonomy of requirements created to classify the information gathered during the problem
definition. Furthermore,hat a taxonomgpproactshould be used to store aménage this

knowledge thahas beemathered throughout the requirements analysis pro&assjuirement

23



hierarchy leads to the creation of requirement taxonomy for conceptual and other design stages
(Dufresne, 2008)

Weissman et al. used also a taxonomy approach to implemssificktion for device
representation. They explain that taxonomy is a collection of predefined, hierarchically related
subsystems. The classification of these subsystems is related to the keywords that the subsystems
represent and certain criteria for {pdmary operating principle. They also advise organizations
to develop their own taxonomies in order to adapt them to their own system and specific
environmen{Weissman et al., 2011)

On the other hand, Sanya 1.0O. and Shehab utibnemhtology approach. They state that
ontology includes the taxonomy and relationships between its entities or components. They
defined different kinds of main ontologies withitre aerospace industry. These are product,
process, resource and functional model ontologies. e describéhe product ontology (e.g.
system ontology) as a product hierarchical breakdown of compoRentsss ontologincludes
the specific interdpendent procedures and activitiBesource ontologwas definedas specific
assets, services, roles and tooldeitsally, functional model ontology represents a hierarchical
definition of concepts that describes geometry and analysis models genemtedwdsof

employing specific resourc¢Sanya & Shehab, 2015)

Furthermore, Ast et al. state that ontologies are formal representations of knowledge that
can be read by humans and machifiégy aremechanismathat capture semantidsencethey

can serve as a general semantic reference agAsekt al., 2013)

Interestingly, Soon Chong Johnson Létnal., represeatithe usage of semantic
annotation in the process of developing ontology or taxonomy for information extraction and

retrieval. They used product informatisach a®Bill of Materials (BOM), Product Data
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Management (PDM) or Product LifedgdVlanagement (PLM) databases, catabsg

engineering texts, handbooks and others for extraction of product entities, concepes and
correspondingproperties that a particular product constitiftesn et al., 2009) In other words

they described thstructuing of concepts bpi TeDppown o appr oach wusing ext

information.

There are different waye support extraction of relevant componesetstities and
understanding of the relationships for representing the platisedfor definingtaxonomy or

ontology(Guarino, 1997)

In this researcha methodologys utilized thatenables one tonderstandboth theinternal
and external environments of a product or sygtéemg, 2015) The EBD methodology can
supportthe process of extraction of components in biotiernal and externanvironmentsEBD
canalsobe helpful incharacteriing the knowledge foibasic semantic requirements ontology.
Oneexample of this research represdatewledge foontology based on categories,

taxonomies and relationshipsthre aerospace domain.

It is importantto divide the process afeating knowledge favntology into two general
phases: characterization and implementation. Here, this research wilbfoities
characterization process. This process explhesain components arttiecomponents in
their environmentas they pass throudjfiecycle stagesandit defines the relevant relationships.
These relationships can describe the interconnection between the components and possibility to

structure the knowledge (e.g. requirement statementis¢ main knowledge base.
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2.70ntology

Staab S. et al. explain that ontology focuses on the nature and structure of things.
Ontology is based on a hierarchy of concepts, i.e. taxonomies. Ontologies are most important in

fields such as knowledge management, information integration, and re(Béaalb et al., 2009

Hai Wang and Shouhong Wang also consider that ontology is a tool for knowledge
representation and sharing. They introduce it as a core of organizational knowledge with
semantic relationships between concepts. They clainthtbatse of visualized drmodularized
ontologiescanenable on¢o transform unstructured actions into structured tédk¥Vang &

Wang, 2016)

According to Gutierrez R., ontology can be used as a foundation to increase
competitiveness designandmanufacture, andanserve a variety of innovative prodsacin his
research he claims that ontology as an information technology product contributes to the actual
knowledge basim two major aspects: By establishinga common vocabulary in the context of
requirements for system lifecycle processes, ay 2yeatinga replicable ontology design
process that can be extended to other domains of knowledge. He believes that the ontology

approach might lead to economic prospei@ytierrez, 2018)

Following all of theabovementionedarguments, the importance of higfuality
ontologies iclearlyunderstandable, especially in the knowledgse domaiand in the activity
of knowledge sharing@enefits could includenproving the structure of knowledge (e.g.

requirements statements) anddeaging itfor future projects
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2.8 Systemrequirementsontology

Theknowledge managemeptocesgshat ugsontologiescanalsobe helpful for design
processes. It can provide essential support in the requirearalysis process by leveraging of

requirements from the past projects.

Because theequiremerg analysis process sofundamental in product design processes
and leads to an understanding of the spectrum of constraints, it is essential to supporebss pr
with a goodsystem requirements ontolotjyat can structure the requirements and canitsase

leveraging.

A system ofuniform requirements categories can be representdudgntology that
may beable to describe the relationships between thosgoaes and constitutbe basics for
semantic understanding.

Ontology defines a common vocabulary for its users and helps to share information
across the domaifhe reasons for using ontologye primarily to share a common
understanding of thetructure of information among people, to enable leveraging of domain
knowledge, to make domain assumptions exphitl to facilitate analysis of domain knowledge

(Noy & McGuinness, 2001)

2.9 Aircraft Design Requirements Ontology ADRO)

In today's competitive world, companies ezquiredto develop and manufactir
successful and marketable products. This makes the product development process one of the

most importanstagegNilsson & Fagerstrom, 2006)
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The development processtheaerospace domain is challenging. Li X. et al. explain that
companies strive to reduce the cost of product research and development prandgses
minimize timeto-market. An aircraftisa complex systerthathas its own complex architecture,
where any kind of customization coutttreasedesign workloaéndcosts and may require
different tooling(Li et al., 2015)

The bast aircraft development process begivith gathering and analysis of system
requirements. Herg¢he requirements describe characteristics that must be performed by a
process, system, or componéntfresne, 2008)

These equirement statemeritscludethe intended function of the product being
designedandthe environment in which it will be used. They describe the constraints and the
intended device behawin Any incompleteness in requirement statements, ambiguity, or
inconsistency can lead to the problems withiedifferent lifecycle stages of the product or

system(Weissman et al., 2011)

According to Sanya |. and Shehab E. the knowledge management process within
engineering design is becoming an exciting and mapbcomponentn aerospacdevelopment
They explain that there is growing interest for creation and maintenance of engineering

ontologies within the engineering commun(i8anya & Shehab, 2015)

Ther are different types of ontologjetependhg on their purposelop-level ontologies
cover general and abstract concepts, domain ossaesgific ontologies cover knowledge about a
specific domain (e.g. aircraft) or a specific teakdotherontologies are typically developed for
application purposes and with specific use scenarios in (Astcet al., 2013)

The main reason to develgmaircraft design requirements ontology is to structure and

enable management of organizational knowledge (e.g. design requirements) in order to assist the
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aircraft and system architect, system engineers and other users in leveraging past design
knowledge. This &n be useful for creation of new scenarios, definition of new requirements and

providing traceability at different levels.

The Aircraft Design Requirements Ontology (ADRO) edsobe useful for aircraft
design (conceptual, preliminary and degdiland fo maintenance domainat the same time the

production stage can also benefit from this proposed method.

There is no single correct way or procedure for developing or exteadmgology.In
generalit is suggested to begin by definitige domairscope, terminology and class hierarchy.
After defining the classes, the properties of each class and their constresgscifed (Sanya
& Shehab, 2015)

Weissman et al. highlights also the impor&n€implementation of environment
analysis throughout various lifecycle stages of the product within developnteetsystem
design requirements ontology. They explain that each category of the ontology also contains a
number of objects, which are phgal or abstract entities that interact with the system through its
lifecycle stages. In addition, they state that the use of uniform requirement categories helps later
in thesearching proceg¥Veissman et al., 2011)

For the currentesearchthe EBD methodologyvas chosen for theurposeof developing
knowledgefor ADRO. This methodologyvasintroducel in Section2.3. It establishes a process
of decomposig the system and its environmetitenreorganiziig the system environment
components and relationshipsaROM diagram for representation of knowledge and

relationships foADRO.
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2.10Systens Engineering (SE)

One of the main goals of Systems Enginee(Big) discipline is to arrange the parts of

the system in a way that system performance will be optimadch@vethis goa) SE defines

the system's requirements with resgeaustomer/user needsith the objectivehat the

product will not need to be redgsed. In addition, the focus is to make a product as reliable as

possible and to achieve customer satisfadqtiackson, 2015)
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Figure 8belowrepresents the system engineering approach:
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Figure 8: Context of Systems Engineering TechnicdProcessegINCOSE, 2006)

SEalsohasprocesses that provide transformation of requirements into specifications,

architectures, and configuration baselines in a structured but flexible manner. It provides control

and traceability to develop solutions that meet customer n€eeprocess maydrepeated
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once or moreoftenduring any phase of the system development proeées y st em user 6s
needs are emphasized because their needs generate the regsii@rtensystem. Sometimes
basicuser needs can effect all of the lifecycle functionahar ThelSE processesangenerate

and control the requirements tleaebased on these negdepartment of Defense, 2001)

2.11System Architecture

The process adefining the architecture of complex systems usugiisolves
decomposition of the system into smaller elemesush asubsystems, components and
modules. In order to achieve the desired performance from the sitstefaments must be
integrated to work together. TIBE domainis mainly responsible for planningid controlling

the networkresponsibldor interactions othesystem's elemen{&ppinger & Browning, 2012)

AiThe Systemrchitecture describes the entire system. It includes the physical
architecture produced through design synthesis and adds the enabling products and services

required for life cycle employment, support, and manageniBepartment of Defense, 2001)

Developmenbf the system architecture is a creative process., iidugtion and
experience can plagnimportant role. Throughout the process of system architecture
development, there is no unique solution to satisfy user requirerkignise 9 below describes
thisbythes i mpl e exampl e of fAAIl t e Theprdcesvdepesdipaenhi t ect u
the knowledge, experience, judgment skills, and intuiticth@®fSEteams. In general, the system

architecture is critical and it provides thenfrawork for system developmefiNCOSE, 2006)
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Alternative Architecture Concept Example
for Intercontinental Telephone Communication

Land Line

¥
Underwater Cable
Concept #1 Concept #2
Wireless Wireline
Communication via Communication ——
Satellite

Figure 9: Example of Alternative Architectural Concepts(INCOSE, 2006)

Crawley et al(2016) explain that systems architecture is an abstract description of the
entities of a system and the relationships betvleem The architected systemaustmeet
stakeholder requirements, needs, and defjeedvalue. Thessystems integrate easily, evolve
flexibly, and operate simply and reliably.

Thesystemarchitecture identifies all the systems, subsystems, components, enabling
systems and others that are necessary to support the complex systemdeltesiames the
necessary processes for development, production, construction, deployment, operations, support,

disposal, training, and verificatigpepartment of Defense, 2001)

2.12System and system of interest

There are different definitions of the systdor example the Department of Defense
(DOD) explains thatsystem is an integrated composite of people, products, and processes that

provide a capability to satisfy a stated need or obje¢idepartment of Defense, 2001)
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On the other hand, the IEEE1528802 standardefines systemsasmanmade, created
and utilized to provide services in defined environments for the benefit of users and other
stakeholderg$ISO/IEC 152882002)

The system can be viewed in differémtels;it can be a system that is a part of
somethindargeror a product by itdé A productis considerederein as representation of a
particular systemgr asystem of interest tharovidesservices to defined environments.

The environment of the systemstbe system itself can interact or integrate with one or
more different componensaich ashardware, software, humans, processes, procedures, facilities
and naturally occurring entities (e.g. water, organisms, and mineraksyefinition of a
particular systm, its architecture and components depend on an observer's interests and
responsibilitiesOnés perception of systemof-interest can be as a system component in
another systerof-interest, olasa componenaspart ofthe operational environment of atter
system of intereiSO/IEC 15288, 2002)

Figure 10 below representasystem of interest ianoperational environment. Here
highlightedarethe presence dhe systemof interest itself, thenabling systemsandother

systemsn operational environmen& view of theinteractiondbetween thens also shown
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Figure 10: Systemof-interest, its operational environment and enabling systemdSO/IEC/IEEE15288, 2015)

The enabled systenherearethe systems that facilitate progression of the system of
interest through itkfecycle. Those systems are not necabgarpart of the system of interest or
its operational environment. Enabled systems provide essential services fosgfstearest
throughoutheirlifecycle stagesExamples of enabled systems incluxassproduction,and

training and maintenance syste(t&O/IEC/IEEE15288, 2015)

Another example of moreomplicatedsystemsof-interestis representechiFigure 11.
This is anexample of the multitude of perceivable systafiterest in an aircraft and its

environment of operation withinteansporisysteniof-systems(ISO/IEC 15288, 2002)
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Figure 11: Example of the multitude of perceivable systemsf-interest in an aircraft and its environment of operation
within a transport systemof-systems(INCOSE, 2006 & ISO/IEC 15288 2002

Theexamplerepresented ifigure11 above can highlight in general themplexityof
the systems and their operational environmértiss emphasizes thmportance decomposy
thegeneral desires of customers taithparticular producte.g.systemof-interest) and its
environment. The decomposition process leads to the generattm sfstem requirements.

Herein, these requiremerdkaracterie the future system.

2.13System Lifecycle

Theprocesof decomposigthe general desires of customers may hananfluence on

the systenin the future This can affect the system, @smponents athe system environment in
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different stages ahesystem lifecycle. This lifecycle includes the peradthetimeline from

theearly steps of definition to utilization and retirement of the system.

INCOSE explainghat i E v e r ynadm aysta has a life cycle, even if it is not formally
defined. In keeping with increased awareness of environmental issues, the life cycle for any
systerrof-interest must encompass not only the development, production, and usage stages but
also provide early foaion the retirement stage when decommissioning and disposal of the

system w(iINCOSEP2006)u r 0

The lifecycle stages can vary according to the nature, purpose, use and prevailing
circumstances of the systeMeverthelessthere is an underlying, essential set of characteristic
lifecycle stages that exists in the complete lifecycle of any system liEamftle stage has a
specific purpose and contributidéach stagés considereat the appropriate poiaiuring the
planning and executingf the system lifecycle. These stages describe in general the progress and

achievement milestones of the systenotigh its lifecyclg(ISO/IEC 152882002)

Table6 below represents the main lifecycle stages of a system, their purpose and possible

decisions of the project thorough timeline.
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LIFE CYCLE

STAGES PURPOSE DECISION GATES

Identify stakeholders’ needs
CONCEPT Explore concepts
Propose viable solutions

Refine system requirements

DEVELOPMENT Cr?are solution description Decision Options
Build system — Execute next stage
Verify and validate system — Continue this stage
— Go to a preceding stage
PRODUCTION Produce systems — Hold project activity
Inspect and test — Terminate project
UTILIZATION Operate system to satisfy users’ needs
SUPPORT Provide sustained system capability
RETIREMENT Store, archive, or dispose of the system

Table 6: An example of stages, their purposes and major decisiogates(ISO/IEC 15288, 2002)

2.14 Stakeholder definition

Throughout all stages tifie systends lifecycle, there arparticipantghatareinfluenced
directly or indirectly by the system and its environment. Thesthastakeholdersas described
by ISO/IEC 15288(2002: fiStakeholders a party having a right, share or claim in a system or
in its possession of characteristics that meet that pamgesls and expectatian§iISO/IEC
15288, 2002)

There are various stakeholders; they have different types of stakes in the decisions made
during the development process of the produet §ystem of interest). There can be internal and
external stakeholders. The exters@keholdersncludeusers/customers, distributors,
governments, suppliers, communities, laws and regulations. The internal stakeiholddes
management, marketing experts, designers, purchasing, manufacturing, assembly dhd sales.

importantfor thedesign team to regmize all the stakeholdens this way the design team can
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more easily share information about different requirements and design objdtizesry
important to ensure that all team members have a common vision for the product, its
functionalityandperformance in the early phasespobductlifecycle (Nilsson & Fagerstrom,

2006)

2.15Requirements and Needs

Within theframeworkof eachlifecycle stage of theystem, the system engineers,
marketinggroup,and other specialistgatherand map information and desires of potential
customers and othstakeholdersThesedesiresaretranslated further to specific requirements

and needs. Thoseeessential for praact characterizatioand development

Jackson S. explains thatequirement is a statement of required performance or design
constraint to which a product must confoffhe requirements must be verifiable and they

should beapplied to thegeople, products, and procesgisckson, 2015)

The requirememtanalysis process is tkey process used definingthe project
boundaries. This procesgludesthe definition of customer needs and objectives with
consideration of planned customer use, system charactemstitexyvironment analysis, for
determining requirements for system functionis an iterative process that strives for
optimization of performance, for identification of functiofa, the synthesis dbothin the
product, andor verification that the customer requirements are satigbegpartmenof

Defense, 2001)
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Figure12 representshe progressiorof therequirementand requirements analysis
processTheprocess begins from acquisition of information from external sources that

transitiors to internal processes of requirements analysis and implementation.

Mission
Authority
Mission
Objectives
Mission Programmatics:
Requirements = Cost
= Schedule
ok = Constraints
Customer = Mission Classification
implementing N T
Organizations System
Fugctional < Tt
Requirements !
1
Environmental ol Institutional i
and Other Dasign L Constraints |
Requirements :
and Guidelines “F ) i
Assumptions |
Y :
System '

y| Performance
Requirements

y 7 1

A

Subsystem A ! Subsystem-i | Subsystem | Subsystem X
Functional and i B ! i C Functional and
Performance | Performance
|
I

e

Requirements Regquirements

I —_ ___] _ ___ I

v v v v

Allocated Derived es Allocated Derived
Requirements Requirements Requirements Requirements

Figure 12: The flowdown of requirements(NASA, 2007)

Requirements management and analysis processes relate to all stakeholder expectations,
cusbmer requirements, and technical product requirements. These processes transfer down to the
lowest level product component requiremeifitsey areused to manage the product
requirementshat aradentified, baselined, amatccurin the definition of the WB$Work

Breakdown Structurenodel products during system desigheyprovide bidirectional
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traceability to thenitial requirements and help managgychanges to established requirement

baselines over the life cycle of the syst@rmductgNASA, 2007)

The requirements analysis process is used to develop functional and performance
requiremerd. Here, customer requirements are translated into a set of requirements that define
what the system must do and how well it must perform. ptuses<larifiesand defingthe
functionalrequirements and design constraints. Then, the functional requirements define

guantity, quality, coverage, time lines and availab{lidgpartment of Defense, 2001)

2.16Functions and Function Allocation

The functional requirements thatrediscussed irfsection2.6 translate further in the
process tahefunctions that the system walcquire As explained by Jackson S fumction is a
description of what a system element dddere are functions thateallocatd to the system,
subsystems and componenf the system of interest throughout its lifecycle stages with
consideration to its environmer@onsideed here aractivities performed by the developer and
users of the aircraft from the moment of conception to its dispbsialmeans that these
functions are nobnly performed bytheaircraft itself; they can be performed by interaction of
the system and humatm others)n theenvironmen{Jackson, 2015)

Functionamust beanalyzed. This analysis includes decomposition of higher level
functions, identified through requirements analysis, into ldexsl functionsin this way, the
performance requirements associated waitiigher level are allocated to lowkavel functions.

As a resultthis processepresents a description of the system or component in terms of what it
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does logically and in terms of the performaneguired. This description is often called the
functional architecturéDepartment of Defense, 2001)
Figure 13 represerdthe system engineering process and fesanm explanation othe

flow-down process from requirements acquisition to system develositaget
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Deployment, Operations, Support, Training, Disposal — System/Configuration ltem
Systems Elements = Hardware, Software, Personnel, Faciliies, Data, Material, Architecture
Services, Technigues - Specifications and Baselines

Figure 13: The Systems Engineering Proceg®epartment of Defense, 2001)

To satisfythar future stakeholdergompanies tryo identify theirrequirements and
functions. New functions can be included in the model at the appropriate level in the hierarchy.
By adding these functions, the path will be afadl at relevant lower levels in the functional
decomposition. Adding new functions will allow for the exploration of what effects are
associated with introducing the new function. By doing this, itlvalbossible to trace
backwards andnderstanavhatrequirements and stakeholders will be affected by the new

function(Nilsson & Fagerstrom, 2006)
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2.17Requirements andscenario interconnection

A review ofthe requirements and requirements analysisgiesin Section2.4. In this
sectiontherelationships betweerustomer requirements, operatiorequirementsand
scenariowill be discussed

TheDepartment of Defense explains that customer requireraenttatements of fact
and assumptions that define the expectations of the system in terms of mission objectives,
environment, constraints, and measures of effectiveness and suitdbigitgin it is defined that
thekey customer of the systemasopeaator. It then follows thabperational requirements
define the basic nesthat must be satisfigdepartment of Defense, 2001)

Table7 belowgivesthe basic questiorie guide the creationof operational requirements.
Here the emphasis on understanding system performance within its missions in different

environmeng andoperatingconditions.

Operational distribution or deployment: Where will the system be used?
Mission profile or scenario: How will the system accomplish its mission objective?

Performance and related parameters: \What are the critical system parameters to accom-
plish the mission?

Utilization environments: How are the various system components to be used?

Effectiveness requirements: How effective or efficient must the system be in performing its
mission?

Operational life cycle: How long will the system be in use by the user?

Environment: What environments will the system be expected to operate in an effective
manner?

Table 7: Operational Requirementsi BasicQuestions(Department of Defense, 2001)

These questiorslsosupport creation of scenarios that further lsathe basis for

defining specific requirements for the system of interest or its components.
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For example, operational scenarios are very important especially dgonceptual
stage. These scenarios are a deda@hd sequential description of how the system should operate
and interact with its users and components in their environment. fibald$e described for all
operational modes, mission phases (e.g., installation, startup, typical examples of nhormal and
contingency operations, shutdown, and maintenance). The sastaridd include all relevant
information, events, conditions (nominaff-nominal, and stressful), interactions and actions for
comprehensive understanding of the operational aspects of the $\#t&h, 2007)

Utilization of scenarios is essential in system development pesasdan important
definitionfor AConcept of OperatiogConOps) INCOSE explains that the Concept of
Operations descrisghewayasystemwork§ r om t he oper @NCOSEG2006)per spec
Figurel14 showsa generalbvewiew for the process of genenag aConcept of Operationfrom
customerktakeholdeexpectations andeedgo conceptualization.
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Figure 14: The process of generation Concept of Operations
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Herein, he upper level of requirements, expectation and needs are being translated to
general system requirements, and then to system possible capabilities. This ahalyssible
capabilities leads to generation of many kinds of scenarios. By continual and iterativesanalys
this process provides boundariestfoe Conceptof Operationfor the system

i T HCenOps describes how the system will be operated during treydike phases to
meet stakeholder expectations. It describes the system characteristics from an operational
perspective and helps facilitate an understanding of the system goals. It stanlodate
development of the requirements and architecture related to the user elements of the system. It
serves as the basis for subsequiiinition documents and provides the foundation for the-long

range operational planning activitiegNASA 2007)

2.180rganizational knowledgeand possibility for re-use

The fundamental step in adgmainis to generate anahtroducenovel and attractive
products to the competitive markgtilsson & Fagerstrom, 2006)heseproducts can be
tangibleor intangible(Kahn, 2010)theycanincludea systenor a serviceOf importance breis
not only the type of product that will be produckdtin understanding the needke
expectations, the requirements of the market, and the domain custbaregsample,he
aircraft conceptuatdesigndomain produces complicated systemsn gstemof systems These
kinds of producs can have a significant effect on success or failitlein an organizationn
general each project has some amount of risk. The challextgedefine a product (e.@.
system), to meet overall requirements, to minimize the risk, and to achieve test ltighnces of

project succes§NCOSE, 2006)
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Meanwhile, he markeis changng rapidly andthis hasts effects on organizational
strategyWhatmaybeawinning strategyat a certain time mayot berelevantat all shortly
thereafte(Aaker, 2008) Thesechanges challenge organizations to create new products, with
new features and new technologi€sey alsdead organizatiosito strive to improve the ability
to retain their knowledge and reuse it in new projédtidization of existingknowledgecan
make the development process more productive and effithersininimizing the timeline of

developmentand production stages.

Wu et al haveexplained thatfiProduct development is a highly creative and knowledge
intensive process that involves extensive informa#ind knowledge exchange and shaying
among geographically distributed teams and developers. How to best integrate such
heterogeneous product knowledge has become an extremely important knowledge management

(KM) subject assmated with product developmeér(tVu et al., 2014)

Herein, he requirement statements are a part of organizational knowledge. This
knowledge can represent the uniqueness of the product and might have a specific effect on
organizational involvement in the global market. For this and other redisisng)portantto
manage this knowledge (e.g. requiremeris)vingstructured product requirements|

contribute tahestabilityof an or gani zationdés knowledge pl at

Managemendf theserequirements playanessentiapartin product development. There
maybe serious consequenciésany critical product requirements are missing in the early product
development stagebence mny companies invest in effective approaches for managing product

requirement¢Chen & Zeng, 2006)
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Alexander Weissnraet al., in their research discuss the requirements authoring process.
They explain thatadesigner can choose to write the requirements from sceatdthis process
requires deep knowledge about how the product should behave within technical, ecandmic,
social domainsAnother approach is teutilize requirement statements from prior designed
products.They believehat reutilizing requirement statemergsapossible approach for ensuring
completeness aritlis possible toeduceauthoringtimes bydoing so They assert that the use of
uniform requirement categorieanfurther help to narrow the scope of the search based on the

relevant stages of the product life cyfgeissman et al., 2011)

The uniform requirements categories can be repteddy an ontology thamayable to
describe the relationships between those categories and cortkgtodsics for semantic

understanding.

Hai Wang and Shouhong Wang also consider that ontology is a tool for knowledge
representation and sharing. They introduce it as a core of organizational knowledge with
semantic relationships between concepts. They clainutithrstandinghe ontology can
enhancehe ability to transform unstructured actions istaictured tasks through the usade

visualized and modularized ontologigs Wang & Wang, 2016)

2.19Models, model purpose andknowledgesharing

There are different kinds of requirements #uain use within system engineering
processesSections2.6 and 2.$haverepresented the importancetbérequirementand their

analysis, transformation, allocation, audization.
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Managemendf therequirements and other organizational knowledgecomplished
worldwide in different waysThere isadocumenation approachisingtextual files andanew
approacho documentatiomanagemertty modelingusingdigital knowledgebased systems

DoD defines that a model is a physical, mathematical, or logical representation of a
system entity, phenomenon, or proc@3spartment of Defense, 2001)

AThe model can f or m a nRengneesing betwieen pealligsp or t f
each bringing its own constraints to the needs, checking that they are met in the solution, and so
hel ping the architect to eval uaerint20l8) mer i t s

A modeling approach makes the problanalysis process more structthend uses
consistent languagend terminology for describing thgoblem andts solution. This process
producesoherence in the desigmd verifiablyfor all the system requiremerasdsolutiors. In
addition, the modelingpproach provideanopportunity for easier understanding of existing
solutions, supporting processes and technologies. Thiheaprovidesupport fomew designs
anddesignimprovemens for meeting new requirementsong & Scott, 2011)

Peter M.supportghe modeling approach and provides a lidhderstanding othe
natural reality of the existing system or phenomé&nediction of some propertieMlanagement
or controlpropertiesof the system or phenomendnderstanding of the existing human aeb
and prediction of somef its properties Better understanding, management and prediction of
future artificial systersy Providinga locus for discussion between relevant stakeholders;
Supporting capability of identificatiomrticulation and potentialkesolution of alternative action
options and alternative traadfs; Making possiblea structurevay ofthinking; Training

participantyMcBurney, 2012)
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AA model can take many forms, for exampl e,
trajectory of a planet, a group of rules governing the treatment of an information flux, or a
plastic model of an airplane. An interesting element of the definition is thin&e model is
Aconstructed for a given objectiveo: there is
model that is entirely appropriate for one purpose may be completely useless for another
pur p Cantob& Luzeaux, 2011)

Modelsareusually shared within different domainstire organization. This is a type of
knowledge communication to a set of stakeholders. Different models represeydtédm from
different perspectives and mann@fssse, 2012)

Modeling helps produce improved design quality, to decrease ambiguity, to increase
precision, to support evaluation of consistency, correctness and completeness. This approach
increa®s theability to manage system complexigndsupports traceabili and impact/change

analysis. It is also very helpful walidation andrerification processe@dart, 2015)
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Figure 15: General principle of simulation (Cantot & Luzeaux, 2011)
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Figurel5 above represents the general principle of simulation by using médedal
system, with its environment and a usage scenlaads toan abstraction, the model, which is

then made concrete by a simulation applicafl©@atot & Luzeaux, 2011)

2.20Model-Based Systems EngineerinMIBSE)

Section2.19 introduces the concept oimodels.Models are uskwidely by different
domainsFor example,hey are essential for systems enginagtiere theyprovide the
foundationfor simulation validation, verification and other processes. In addition, they support
thepossibility of information and knowledge sharing.

Information and knowledggharing owtilization includes archial aspectsArchives
provide the opportunity fareuse of informatioy different groups and domains withtime
organizationDesign information and knowledge (etgquirements, specificatioysnd other
documentsshould be archivednd manageth a specific manner, by usintraceability,
sequences and relationship connedinetweerthe documents.

For thisapplication manyorganizationdiavebegun to implementhe ModelBased
Systems EngineeringMBSE) approachMBSE is defined byINCOSE asaformalized
application of modeling to support system requirements, design, analysis, verification and
validation activities beginningith the conceptual design phase and continuing throughout
development and later life cycle phag€schnical OperationsINCOSE, 2007,)This approach
enables different domains ihe organizatiorto be connected so that thewrk using a single
source olvalidated informationThe benefits omoving from adocumenicentric approach ta

modeled onéncludebetter communication ahformation and knowledgeithin relevant
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domainsin theorganization, high levelalidationof data, automatireport preparatiorandeasy
performance of validation or verification steps.

Figure 16 belowepresents the transition from document to maeeiltric approach:

Past Future

Alrpiane

‘ Document centric ‘ ‘ Model centric ‘

— .

Figure 16: Transition from document-centric to modekcentric systems engineering
(Technical Operations- INCOSE, 2007)

Laura E. Harexplairs that MBSEprovides a mechanism for driving more systems
engineering depth without increasing coskée nodelcentricapproactenables automation and
optimization, allowingsystemsengineergo focus orvalueadded tasks and ensuhata
balanced approach is takénbetterunderstandingf the systems can be achieved through
integrated analytics, tied toraodelcentric technical basek (Hart, 2015)

Likewise,Long D.andScott Z.claimthat MBSE is fundamentally a thought process.

This providesaframework to allow the systems engineering team to be effective and consistent

immediatelyfrom thebeginningof any project. At the same timhjs processs flexible enough

thatit allowst he fit hought 6 process to adapt to speci a

problem(Long & Scott, 2011)
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Figure 17: Model-based Systems Engineering (MBSHFriedenthal & Wolfrom, 2010)

This goproachsupports systems development proestizroughtheuse of models. In
addition,MBSE alsoconnects the models from thgstemof-systems level vertically to the
bottom levels thatomprisecomponents (see Figui&). MBSE improves productivityand
quality; it lowersrisks, communicates among system/project stakeholdenmandges
complexity(Friedenthal & Wolfrom, 2010)

A clear cefinition of the structure is very important here feifectiveimplementation of
the MBSE approach. This structure can propose the basic rules for classification of the
organizational knowledge and poovidethe possibility for ontology characterization and

identification of relationshipsAn appropriate knowledge for ontology will be ohefd in this
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researchn order to ease the process of MBSE implementationkibeledge forontology will
be based otheperformance othe analysis by usinthe EBD methodology through different
stages othesystem life cycle and its environments. Byng theknowledge forontology or

taxonomies that will be defined, it withcilitatethe process of leveraging past knowledge.

2.21Summary of the literature review

Thedesignprocesf complex systems is complicated. This process involves
communication among different domains. It requaeeep understandingf, among others,
existing technologiesnd therequirements and needs of the stakeholdeisa highly creative
and knowédgeintensive procesthatinvolves extensive information and knowledge exchange
among teams and developéerke integration oproduct knowledge has become an extremely
importantissue and is known aknowledge manageme({M). Productdevelopment
knowledge integration and sharing is becoming a key issiaegeorganizationgWu et al.,
2014)

There is a beliethat structured knowledgef(requirementsgesignsetc) could be
helpful in product development processEsis structured andoenputerbased knowledges
essential irsharing betweedepartments ofhe manufacturing organizationtt is useful in
preventingunnecessary design revisions aeducesnistakeqAnjum et al., 2013)it enables
the creation obpportunities for new designs and impreeemmunication withirthe
organization.

In addition, omputerbased knowledge management camiggroved by utilisatiorof

knowledge ontologyThis ontology cansupporthumanwebinteractionasa key componenbf
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knowledgesharing(H. Wang & Wang, 2016)t canalsoprovide a basis for implementation of
MBSE (ModelBasedSystemEngineering.

Herein,MBSE provides a shared system model with discipbpecific models that
include theircharacteristic information in a mathematical format. |away all disciplineghat

participate in developmentof aprojeeinfivi ewo a consi FdsenR012)system n

CHAPTER 3 EBD enabled scenario analysis

3.1Introduction

Thefirst objective ofthis chapteris to specify theknowledgecomponentand
relationships fothe ontology diagran{Sections 3.1 and 3.,2heseconds to representhe
taggingprocesdasdontherequiremerg analysig(Sections3.3 through 3.3 Here ananalysis
based onhe procedures of the EBDethodologywill be performed Furthermorethisanalysis

will be summarized andvaluatedrersushe modeling approach

The analysis begins froan overviewof transportation system in general, and gigp
step continues to the speciflomainof aerospace (e.g. aircraft). The basic analysis for the
transportation system will provide boundaries tolldwing whichthe focuswill be onthe

specific environmendf the aerospace industry

Transportation systenaeusually designedith five keycapabilities, as shown in

Figure 18, whicltprovidebasicexpected outcomes anteetcustomes éxpectations and needs.
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Transportation
System

Figure 18: Transportation system- general capabilities

Eachindividual systemalsohas its environmerhatincludesdifferent actorsvho use or
provide service tohe systemandinteract withit. As an example, Figure 19 shows thain
actorsin the aircraft environmerandtheir possible interactionwith this systemTable 8 lists
typical questions and anssefor each capability of an aircraft, following the EBD methodology,
which provides basic information on the characteristics of the system enviroigueint.
information will thenbeconsidered in the development of knowledge forAinegraft Design

Requirements OntologyADRO).
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Figure 19: Main actors and generalinteractions with the system and its environment

Capabilities

Questions

Answers

Communicate

Why?

To be more coordinated.

To comply with regulatiosi(safer).

To be aware of your surroundings and to provide
information.

How to?

By navigation satellite system, radio or cellular systems.
By datalinkand ICAS Crew Alerting System message to
pilot.

By encoding and decoding (digital data, written text, speg
pictures and gestures).

By interpretation\(erbalcommunication).
By visual channels.

Operate

Why?

To transport humans, animals and goods from location A
locationB.

How to?

According to the way the vehicles are operated on
established routes.
fiRegulatech i r s.paceo

Transport

Why?

In order to meet users and stakeholders needs

How to?

By air, land(rail + road), water, space With: automobiles,
buses, trains, trucks, helicopteagcrafts, watercrafts and
space crafts.

Serve users

Why?

To provide or to meet/match the user needs.
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How to? By assistance, training, support, respongdaig
To transport humans, animals and goods from location A

I)
Why: locationB.
Accommodate By plans, procedurestc
How to? By providing environmental condition for safe and

comfortable travel.

Table 8: General analysis of environment for transportation system

3.1 ADRO knowledge development

Different methodologiesupportanextraction of relevant components, entities and
understanding of the relationships for representing the platform for definition of taxonomy or
ontology(Guarino, 1997)Interestingly, LimS.C.Jet al., represerihe usage of semantic
annotation in the process of developing ontology or taxonomy for information extraction and
retrieval. They used product informatisach asBill of Materials (BOM), Product Data
Management (PDMandProduct Lifecycle Management (P)Matabases, catalogs, engineering
texts, handbooks and others for extraction of produntities, concepts and their corresponding
properties that a particular product constitiftes et al., 2009) In other wods they describe the

structuringof concepts byt TeDpo wn 6 a p p r o a ¢ hprodust inforppatienx t r act e d

Here, in the research utilizeshadvanced methow understandheinternal and external
environments of the systerBnvironmeriBased Design (EBD) methodology can supjpoet
process otomponentgxtraction in both environmenthis methodologgan be helpful in
characterimg knowledgefor the system desigrequirements ontology.his includescategories,
taxonomies and relationshife the system itheaerospace domaiihe main components and

thecomponents in their environmemtdl be exploredthrough passing lifecycle stages of each
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main constrained wordnd definition of theirelationsips. These relationshipwill describe the
interconnection between the componentstana to structure the knowleddencluding

requirement statemenamddata) inthemain knowledge base.

3.1.1Analysis of the general problem statement

As the first step inthe EBD methodologythe environment analysis begins with general
statement: AEBD enabled Scenario Analysis for
20 represents the general statement of the probbgstored in the thesisy usinga ROM
diagramand its symbols (see Tabledg a linguistic representationit§ components and
relationships. Based on the ROM diagram, the environment analysis can be initialized by asking
geneic questions. These questigm®videinsight too n euddsrstanding othegeneral

environment othemain components ithe problem definition.

scenario —. aerospace .
r3) )
“-.5 | prOdUCt |? |

Figure 20: Recursiveobject model (ROM) for the general statement of the problem

The ROM diagranshowsthe main and most constrathcomponentsBased on number

of arrows,they arefiAnalysiso andiiDevelopmend. The next step in the EBD methodology is
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defining theobiject list for questioningTable 9 represents the relations between the components

of the ROM diagram following the rulgsesented in Figure 21.

el objectsi and j haveasubject- verbrelation

= % 2 objectsi and j havea verb- objectrelation

e } 3  objects andj haveaconstraintrelationfrom objecti toobject |
fo  otherwise

Figure 21: Rules for the relations between objects ithe ROM diagram (Zeng, 2014)

Object 1 2 3 4 5 6 7 8

Table 9: Relations between theobjectscomponents of the ROM diagram

The number of relations between the objects /components of the ROM diagram can be

summarized as follows:

Number of relations 3 2 1
Objecs 4.8 2 1,5

Table 10: Number of constraint and predicate relations on an object
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From Table 10 it iglear that the central objects d@and 8 These objecteavea higher
number of constraints and predicate relatidingure 2 belowillustrates the structure of the
objects around the central objedtand 8n terms of constraint and predicate relations derived

from the ROM diagram thas represented in Figured2

= X
ooy IO s IR cecoones B o
(2) \a) o) L

EBD
1)

e

Figure 22: Structure tree of constrairt and prediction relations of objects

Following Figure 2 and the rules ahe EBD methodologyan object list for questioning

can be definedlable 11 represents this list:

1; 3; 6; 7; 1&2; 4&3; 8&6; 8&71&2&4 ; 2&3&4;
Questioning object list
3&48&58&6&7&8;

Table 11: Object list for questions generation

Based on thisTable12 summariesthe generic questions that were defined by the rules
and tempdtes described isection2.3 of the EBD methodology and environment analysis.
These questions give the boundaries but do not limit in searidhimgormation thais of

interest.Table 12 onlyprovides a focusn a specifistream of information.

# | Component/s Question

1)1 T1: What is an EBD?

2 |3 T1. What is ascenari@®

3 |6 T1: What is areerospace
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4 |7 T1: What is gproduc®

5 |1&2 T6: Whatis enablecby EBD?

6 (4&3 T3: What isanalysi® What isscenarioanalysis?

7 |[8&6 T3: What isdevelopmer? What isdevelopmentin aerospace

8 |8&7 T3: What isdevelopmenbf produc? What is a product?

9 |1&2&4 T5: What do you mean by enalfk

enabl ed anal ysiso?

How / Why / When / Where EBD enabled analysis?
10/2&3&4 T5: Whatdoyoumean by enabled in t
scenari o analysiso?

How/ Why/ When/ Where enabled scenario analysis?
11/3&4&5&6&7&8 |T5: What do you mean by anal
anal ysis for aerospace prog
How/ Why/ When/ Where is scenario analysis for aerospac
product development?

Table 12: Generic question representation for environment of the main and constrain words of the statement

Following this, forthe question definition step, the answeaisbe derived by searching for

the information to answer thellowing questions:

1. Whatis an EBD?
The EBDleadsthat design change an existing environment to a desired one by

generating a new artefa¢Zeng, 2015)

2. What is ascenari®

Ainscenari oo is oftemnr us®@denar idescandewhe

are essential tools for designers who must cope with the uncertainty of thgWialden
et al., 2015)

For examplewith operational scenariotf)ere would be atepby-stepdescrption
of how the system should operate and interact with its users and with the components in
thesystem's environment. Operational scenarios include all operational modes, mission
phases (@., installation, startip, nominal, ofnominal, stressful conditions, shutdown,
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and maintenance), and critical sequences of activities for all classes of users identified.
The scenario includes events, actions, stimuli, information, and interactions as
appropriate to provide a comprehensive understanding of the operational aspects of the
system. Operational scenarios should span all of the specific conditions (e.g. nominal,

off-nominal, and stressful) that could occur during the misghdASA, 2007)

3. What is areerospace
AAer ospra@ecuci ng or oper at (Drctipnasy,i2020)r af t ot
Designers, manufacturers, operators, ground support, and maintainers are

considered as critical componentghie aerospace doma{iNASA, 2007)

4. What is gproduct(in termsof agospaceproduct such as aaircraft ysten)?

Jackson Sexplains that thaircraft systems not only theaircraft (the flight
vehicldproduc) itself. The system includebe aircraftthe raining equipmenthe
support equipmenfacilities andpersonnel. In addition, the aircraft canllyekendown
into its elements /segmentsivironmental avionics, electrical interiors,mechanical
propulsion auxiliary andarframe For example, thavionic segment includes the
communications, navigation, indicating and recording, and auto flight equiphesis
an important segment thataybe called the aircraft management segment, because it
includes the communications subsystem and the aircraft monitoring functioasethat

found in the indicating and recording subsys{dackson, 2015)

5. Whatis enablecoy EBD?
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EBD includes three main activities: environment analysis, conflict identification,
and solution generation. These activities work together in order to generate the design
specifications and solutions. The environment analysis helpet¢éominethe key
environment components, in which the product works, and the relationships between
those components. From the environment implied in the design problem, a designer, by
using EBD could introduceadditionalenvironment components that are relevant to the
design problem at har{d@an et al., 2012)

AThe EBD provides designers a sense of
necessary and sufficient information for a design task, by supporting them to determine
the focus at each stage of design, by helping them decompose a complex problem into
atorric ones, and by investigating potential solutions for each atomic design problem.
This could help designers manage their mental stress in solving a design problem, which

increases their chances to t aKemg, 2085y ant age

6. What isanalysi® What isscenarioanalysis?
Analysisis an evaluation based on decomposition into simple elen{8A&
Aerospace, 2010)
Scenaricanalysisis a tool for envisioninglternate futures. This can allow
formulation of a strategy that is helpful in responding to future opportunities and

challengegKahn, 2010)

7. What isdevelopmer? What isdevelopmentn aerospace

Development controls the design process and provides baselines that coordinate
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design effortsDevelopment iraerospaceécludes different stagesonceptevel, system
level, andsubsysterftomponentevel. It produces a set of corresponding detailed
descriptions of the productso6 (Ddpatmentof er i st

Defense, 2001)

. What is a product? Wit isdevelopmenbdf product(in the contexbf aerospace
produc)?

Product describes all goods, services, and knowledge that can be sold. It includes
attributes (features, functions, benefits, and uses) and can be tangible (e.g. physical
goods),ntangible (e.g. service) or can be a combination of the(i{abn, 2010)

Product developmemf the systems (e.g. aircraf)a creativeand knowledge
intensive process. This process involves information and knowledge exchange and

sharing within the different teams and develof&é/s et al., 2014)

. What do you mean by enabled in the stateme

When / Where EBD enabled analysis?

EBD provides designessith a systematic approach that hetfpsmto reacha
deepunderstanding of a design probléfan et al., 2013)This methodologys based on
arecursive log of thedesign(Zeng, 2011)This enables design procest recursively
iterate between design requirements and solutions until the final solution is(#enyl

& Cheng, 1991)
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100 What do you mean by enabled in the stateme

When/ Where enabled scenario analysis?

The EBD methodology proposasnethod for environment analysis. The
objective of environment analysis isdeterminghe key environmertomponents in
which the product works, and the relationships between these components. Bwnépllow
the rules of asking and answering questitmased on this methodologythe designeis
able tointroduce more environment components that are relevant to the design problem
and scenario analysis

In addition,Wang and Zen@gM. Wang & Zeng, 2009)ntroduceEBD rules onthe
guestion askingrocess in orddio conduct a comprehensive environment anali/sis.
verifying the completeness of the extracted environment components and their relations
they proposed roadmap as guidance farquirements modelin@Chen & Zeng, 2006)
This roadmap relates to different kinds of environreand life cycle of the productr

system(Tan et al., 2013)

11.What do you mean by analysisinthestaemt fAscenari o anal ysis f
devel opment 0? How/ Why/ When/ Where is sce

development?

The analysisprocess of scenarios in aerospace product development is a critical
one This process enables elicitation of missing requirements that had been discovered
within the scenario representatidnanalyzesamong others, @wide range of possible

future events, the riskandbehaviarr of the system
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By analyzing informationthatis found withintheanswering question stgfne main
points summarized ithefinal informationsectionfor the general question asking stapeas

follows:

1. EBD enabledscenarioanalysisfor aerospace product developmentl e EBDleadsthat

design change environment to a desired one by generating a new artefact. 3. Scenario analysis is
a process of analyzing possible future events by considering alternative possible outcomes. 4.
Scenario analysis presents several alternative future develtgrsesof behaviar or risk

assessment events. 5. Setting scenarimssisdon the existing knowledge base and new
requirements. 6. Requirements analysis dewelggerationalfunctional and performance),
technicalandstructuralrequirements aystemor aircraft levels. 7. Operational requirements
comefrom operational scenarios. 8. Operational scenarios include operationat ma$esn

phases (e.g., installation, stagi, nominal, offnominal, stressful conditions, shutdown, and
maintenanck critical sequences of activities for users. 9. Product development process involves
extensive information, knowledge exchange and sharing among teams and developeitsdiclO.

laws, formal directives, technical limitations, regulatiose\{iceandcomponeny, international
agreements, cost, time and human resources effect the development process. 11. This process has
3 main levelsconcept system subsystems12. The product of design or development processes

can be tangible or intangible (serviogderience/belief). 13. Specialists (designers,

manufacturers, operators, ground support,raathienancég produce essential outcomes that

effect and progress the development procesdnle arospacdield, developmenprocess

includesthe avionic partl5. This partievelopsandproduceslectronic systems faircraft. 16.

Avionic/ electronicsystems support communications, navigation, display and management of
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multiple systems and subsystems indineraft. 17. The development process of the systems
basedon requiremergtanalysis.
This sectionincludes 1/umberedsentenceandextraction ofgeneral informatiorfirom

thefirst step oftheanalysis Basis on this informatigr@aROM diagramcan be generated as

shown inFigure23.
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Figure 23: General ROM diagram after the first step ofthe environment analysis

m—

This ROM diagramrepresents generihowledge forADRO with bastc and extended

information.Informationis found withinthefirst step of general question asking by using EBD
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methodology rules. The next step is dorrgpecific question askinghis step allows extraction

of domainspecific informationHere, the procegsroceeds with sentenc2s3, 4, 58 and 9

These sentencémve constrained wordisat are more specifior theaircraft
development process. By analysifthesewords and thie environment iis possible to elicit
more components and relationships as knowléoigeDRO. The othesentencesan be

analysedn further researchs arextensiorof the knowledgethatwasfoundhere

3.1.2 Environmentanalysisand knowledge representationfor ontology

This analysistepfocuses othedomain specific environmerfollowing the EBD
methodology rules thatre givenin Table 5provides aropportunity to identifyfdomainrspecific
components and relationshig$he following questions and steps will be useditectthis

analysis

Step 1 Question 1What is the lifecycle o&constrained word in theentence?

Step 2 Question 2What are the relevant componentstfegnatural, built and human
environments foeach event ithelifecycle ofthe constrained wore

Step3: Updatethe ROM diagramwith the knowledge componerdad relationships thatere

foundfor the ADRQ

An analysis of the first sentene&as givenn Section3.1.1.Theanalysis forsentence 2

will be performed in Section 3.1.2.1
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3.1.2.1 Sentence 2

Figure24 representsentence from thegeneral ROM diagrarnm order to indicate
visually the sentence and its numbirs ease the identification of sentences in the ROM
diagram, each oneasnumberedSentencea will be represented in same way as the second,
while the others will be represented alone but in megaieconnected to the general ROM
diagram. Each sentence will be updated further with new components and relationships after
furthersters of theanalysis.

Sentenceis: A T h kad&hatesign change environment to a desired one by
generating &denewt het embhaaot 0 cChadger ad Antitkactd. Wher ds ar

artifactis in contextof aircraft
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Figure 24: Sentence 2 irthe general ROM diagram

Step 1:The lifecycles for the word@Changed  a Artifacti® aredefinedas follows:

AC h a n :gBefare,during after.

AArtof @Ai)rDesiga fohceptanddevelopment manufacturesalestransportation

usédutilization, maintenancerecyclingendof life (retirementdisposa).

Step 2:Summary ofhe relevant componeniisr the natural, built and human

environments foeach event ithelifecycle of the constrained wasd
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The tables below represent the main comporemisrelationships to the groutbetare

found in thenatural, built and human environmentfiese environmentgedesignatedn

Tables13 and14 with their first capital letters in each lifecycle stage.

Main
constrained
word

Life Cycle
stages

Environmentcomponents

Human (H), Built (B), Natural (N)

Change

Before

H: SpecialistsEngineers, Technologists, Marketing, Change Analy
Project representatives.

Regulation Bodieg;TCCA (Transport Canada), FAA (Federal
Aviation Administration), EASA (Europeddnion Aviation Safety
Agency).

B: Requirementstechnical, mandatory, and regulation requirement
(including safety), service, ergonomic, market, and exceptions.
Resourceshudget, time.

Equipment computer, simulators, test, and assembly equipment.
Facilities: lah office.

N: standardslaws, rules, and expectations.

During

H: SpecialistsEngineers, Technologists, Marketing, Change Analy
Change Management Coordinator, Project representatives.

B: Documentsspecifications drawings, technical instruction
documents, validation and verification plans, tests, and protocols.
Communicationsoftware, interaction channels, and interfaces.
Facilities production facilities and infrastructures

N: standardsand lavs, certificationagencies.

After

H: SpecialistsEngineers and Project representatiasstomers

B: DocumentsApproved SOPs and specifications for mass
production,usermanuals.Equipmenttrainingandsupportequipment.
Facilities storage

N: Law and certificatioragencies.

Table 13: The main components and relationships for constrahnwor d A Changeo

Main
constrained
word

Life Cycle
Stages

Environment:
Human (H), Built (B), Natural (N)

Artifact in
the context
of Aircraft .

Design
(Concept &
Development)

H: Customersaircraft marketandspecific customes; specialists
designersengineerstechnologistsmarketing coordinator project
representatives.
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Regulationbodies (TCCA (Transport Canada), FAA (Federal
Aviation Administration), EASA (European Union Aviation Safety
Agency), and others.

B: Needs productrequirementsdirect operatingcost, price, mass
properties, dimensions (aircraft, runwaynd others number of
seats, route structures, reliability, human factors, environments,
maintainability, transportability, flexibility and expansion,
permissibility. Missiorobjectives developmentests etc
Regulation requirements

CAR (Canadian Aviation Regulans from TCCA), FAR (Federal
Aviation Regulations from FAA), CS (Certification Specification
from EASA).

Standards

ARP 4754A, ARP 4761, AIR 6110, MIBTD-961D, SAE 4759,
AS910Q etc

Technical Requirements

Design,emitted noiselevel emittedelectromagnetiénterference
(EMI), safety, architecture(including software and interfacesgsic
characteristicsconcept(for new, derivative, or changesed
aircraft),and engineeringketches.

N: Technologies (new and existing), SDR (System DesigmeRRg,
Preliminary Design Review (PDR), Critical Design Review, and
others.

Manufacture H: Projectmanagersengineersassemblersintegratorsquality
control, andquality assuranceepresentativestansporters
maintainersetc
B: Facilities hangar runway, testtunnel etc
Equipmentcomputerstestersassemblytools,templetsjigs,
software(to capture production process, test results, and regords
etc
Production DocumentSOW,drawings specifications work
instructiondocumentschecklists reports(testreports, Validation
and Verification) etc
Assembly Partsmechanic, optic, pneumatic, hydraulic, avionic,
electronic partsetc
N: Suppliers, subcontractors, manufacturers, customers, distribu
and others.

Sales H: Customers

Specialistsmarketing projectrepresentatives

Regulation Bodieg TCCA (Transport Canada), FAA (Federal
Aviation Administration), EASA (European Union Aviation Safety
Agency), and others.

B: Cost,spares marketingstrategiescontracts configurationreport
Validation, and Verificatiomeports testreports demonstration
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simulation(FEA, CFD), angoroductionrecords System Safety
Assessment (SSAjualificationreport,certificationsummary and
functionalhazard assessment (FHAgermanuas, andtraining
documents and equipment.

N: Aircraft market, specific customers, or stakeholders.

Transportation

H: Support teamdrivers pilots, maintenancéechnicalteamsgetc
B: Equipmenftor transportationlimitation requirementsweight,
dimensions, shock, vibration, and others.

Documents SOPsregulation andcustomerrequirements document
for transportation.
Facilities and othegircraft.
N: Weather conditions.

Use /Utilization

H: Customers and Userarlines, aircraft crew,roomcontrol team,
airport support teamsassengerglirect customers.

Team Security and others.

B: Documentsusermanual SOPs, andhecklists.

Training for aircraft crew,airport support teams, simulators.
Facilities terminal hangarsrunways country, control room other
aircrafts

Equipment satellite navigationsystem(genera).

Ground support equipmentet way pushand pushbacks tractors,
tow tractors, cargo loading equipment

N: earth, air, attitude, FOD (Foreign object debrig)recipitation
solar radiation humidity, fungus volcanicash temperaturdaltitude
temperature profile, aerodynamic and induced heating, heat soa
the ground)pressurgexternal atmospheric & aerodynamic,
internal cabin pressure }Jecompressiofpressure and pressure
rate),electromagnetiénterference (EMI)high-intensityradio fields
(HIRF), shock vibration, load, lightning ¢park), sandanddust
(duringthe rurup, taxing or takeff).

Maintenance

H: Specialistsengineersquality control representatives,
maintenancéechnicalteams.

B: Facilities Hangar and others.

Equipment maintenanckechnicalequipment (ground support
equipment).

Parts Spares.

DocumentsRequirements for maintenance and for equipnehick
lists costevaludion report:costper 1,000 flight hours
(MN$/1000FH), marhours (MMH/1000FH), material cost
(MT$/1000FH)).

Repair process documentsrrosionprotection, overnight checks, 4
checks, B checks, C checks, unscheduled maintenance, and fixe
interval checks.
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N: Environment accessibilityenvironmentgcorrosivetoxic
environment: acids, hydraulic fluids, salt spray, and humidity.

Recycling / End
of Life
(Retirement
/Disposal):

H: Customers and Usersecurity, customey supplier, recycling and
maintenanceéeams.

B: DocumentsBMP (bestmanagemenpractice manual,

Mapsfor segregatiorareasdisposalof material procedurénternal
auditsreport trainingdocuments, receiving documentscords
referencananualsproceduresstandardscontracts

Facilities location for disassembly or recyclirggcureand
segregatiorareas.

Parts undesiredmaterial,incomingshippingpackagingmaterials
Equipment maintenancéechnicalequipment (ground support
equipment)fooling equipment and/or machinery.

N: fluids and hazardous materials, inventory, infrastructsicgage
regulations

Table 14: The main components and relationships for constramnwor d A Ar ti f act o

(In the contextof Aircraft )

Here is a list of the sources that helpedind the informatiorandenvironments

components:

(NASA 2007), (INCOSE, 2006)(Department of Defense, 200{pAE Aerospace, 2010)ISO/IEC/IEEE15288, 2015)

(Jackson, 2015JAFRA, 2018)

After completing aummary of the components, stgossible to continue to Step 3 of

updatingthe ROM diagram with the knowledge components and relationshipsvirafound

Figure25 below demonstrates the relevant components amdréiationships.

73




Engineers,
Technologists,
Marketing,
Change Analysts,
Change Management
Coordinator,

Project Representatives j

TCCA (Transport
Canada),

FAA (Federal Aviation
Administration),
EASA (European Union
Aviation Safety Agency)

>

]

Customers el
Specialists -y
Regulation Bodies |-&

Requirements |-

A

Technical, Mandatory,
Regulation, Service,
Market, Exceptions

Budget, Time and etc. T

Computers, Simulators,
Test, Assembly, Training
and Support Equipment

/

diil

Needs
o Resources
| Equipment
v Facilities

Production and
Infrastructures

Standards, Laws, Rules,
Pracedures,
Specifications, Drawings,
Technical instruction
documents,V&V Plans/

Laboratories, Office, o

Tests/Protocols...

Interaction and T

Interfaces Channels

Documents
A
Software

/4 Communication -

|

-

-

Conditions

Customers

Specialists

Regulation Bodies

i

il

Requirements

Strategies

T

Resources
»

\

\

Documents

\
»> Software

I

In th

\
> Equipment " \

\
—% Parts ) \

Facilities ‘

context of
Aircraft

Weather, Facilities(Hazards), Solar Radiation,
" Humidity, Volcanic Ash, Pressure and etc.

,Ground Crew, Flight Crew, Security, ‘

| Maintenance and Technical, Recycling and etc.
Support Teams _sAircraft Market, ]

A |Specific Customer

L Designers, Engineers, Technologists,

"'/ Marketing, Coordinator,

Project Representatives

_—®TCCA (Transport Canada),
FAA (Federal Aviation Administration),
EASA (European Union Aviation Safety Agency)

| 1.: Operating Costs, Price,
Mass Properties,
Dimensions, Num. of seats
and etc.

P1.Product Req.s,
2.Regulation Req_.s,
3.Standards, \

\

4.Technical Req.s \‘

\ \ 2.: CAR, FAR, CS and etc. ‘

L\[ 3. ARP4754A, ARP4761,

\ | AIR6110, MIL-STD-961D and etc.
4. Design, Emitted Noise Level, Emitted
Electromagnetic Interference, Safety,
\ Architecture, Basic Characteristics and etc.

Budget, Time and etc.

\
' ‘»Computers, Technical and Assembly Equip.,
\ | Testers, Simulators, Ground Support Equip.,
'\ Maintenance Equip. and etc.
A\

\

\ "‘\"‘- Assembly Parts, Spares and etc. |
v
)

\

Hangar, Runway, Test Tunnel and etc.

\‘SOW, Specifications, Work Instruction ‘
Doc.s, Checklists, Reports and etc.

e

Figure 25: Sentence 2 othe main ROM diagram updated with knowledge fromdomain-specific environment analysis

3.1.2.2Sentence 3

The next sentence for the analysiSestence8:i Scenar i o

analyzing possible future events by considering alternptives s i b | e. Thisusentenceme s 0

highlighted from the general ROM diagram in Fig@ée
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Figure 26: Sentence 3 irthe general ROM diagram

Step 1:The main constrained wasdre:processeventsandoutcomesThe life cycles

for thesewords defined as follows:

fiProces® (In the contextof the operational scenario analysis processpefore during and

after.

AEventsd before during andafter.

AOu t ¢ o (iretlse@ontextof requirements): acquisition verificationandvalidation(V&V),

maintenanceutilization.
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Step 2: Summary of the relevant componéoitshe natural, built and human

environments foeach event ithelifecycle of the constrained words.

Tablesl15, 16, and 1Yepresent the main components and relationships to the groups that

arefound in thenatural, built and human environments

Main constrained
word

Life Cycle
Stages

Environment:
Human (H), Built (B), Natural (N)

Procesy(In the
contextof the
operational scenario
analysis process)

Before

H: customersregulationbodies specialistsmarketing
projectrepresentativesystemengineers

B: Requirementsregulationbodies customersmarket
standardsneeds

Concepf(initial concept of the productggquipment
(computerstesterssimulators etc).
Documentsproceduressoftware(can be for different kind
of equipment, systems and subsystel@EW, etc.,
Resourcegtime, budget etc

N: Uncertainty(in functions performancand capabilities
black box model.

During

H: Specialistsmarketing projectrepresentativesystem
engineergd QA, mechanig software etc), designersaand
technologists

Customers.

B: List of requirementssoftware tradei off studies
concept capabilities functions initial specifications events
conditions andresourcestime, budget softwaremodels etc.
N: More certaintyandunderstandingin functions
performance and capabilities

After

H: Specialistsmarketing projectrepresentatives
technologistssystemengineerg QA, mechanic software
etc), customersregulationbodies

B: List of requirementgrelated to functions, performance
and others Documentsrequirementsillocationand
traceability validationandverification (V&V) plans
protocolsandtests

N: Softwaremodelsfor V&V, simulators achievednew
functionsandcapabilities

Tablel5: The
(In the contextof the operational scenario analysis process)

main components and relationships for
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Main constrained
word

Life Cycle
Stages

Environment:
Human (H), Built (B), Natural (N)

Analysis of possible
[ future Events

Before

H: customersregulationbodies

specialists marketing projectrepresentativesystem
engineerd QA, mechanic software etc).

B: Documentsstandardsairspacepolicy, flight laws& rules
procedures

Design Concepsysten subsystemcomponent

N: Contradictoryhazards

Conditions weathey environment traffic andsafety.

During

H: customersspecialists marketing projectrepresentatives,
systemengineerqd QA, mechanig software etc),
technologistsActors operator crew, passengers

B: Tradeoff studies Requirements

Documentsrisk assessment, FME@-ailure Mode and Effect
Analysig, specifications manuals procedures

Models mathematicahndphysical scenarioscapabilities
concept architecture(logical andphysica), system
subsystemcomponens, functions andprocessesf function
exchanges

Software Equipment smulators computersmaintenance
tools, etc

N: Environment(natural environment of product/system),
conditions(pre and postlandinterfacegfunctional physical
external internal andoperationa), infrastructuregairport,
runway, test tunnebnd otherl humanfactors

After

H: Customersregulationbodies specialists marketing
projectandproductmanagerstechnologistsengineerg QA,
mechanic software etc).

B: List of requirementgfunction performanceregulation
certification qualification,etc); documentsrequirements
allocationandtraceability FMEA, risk mitigation documents
Validation and Verificatiomplans protocolsandtests
specifications manuals, etcSoftware softwaremodelsfor
V&V ; Equipmentsimulatorsand others.

N: ---

Table 16: The main components and relationships for constranwor d A Event s o

Main constrained
word

Life Cycle
Stages

Environment:
Human (H), Built (B), Natural (N)

Outcomes(In the | Acquisition

contextof
Requirements)

H: CustomersSpecialistsmarketing projectandproduct
managerstechnologistsengineer QA, mechani¢ software and
others).

B: Customemeedsrequirementscapabilities,marketing
technica) mission aircraft operational functionaland
performancesafety, maintainability, interface regulationand
certificationrequirementsRTCA DO-254 or DO178B, ARP
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4761, ARP4754A, MIESTD-961D, SAE 4759, AS9100,@D,
NASA, INCOSE, AIR 6110etc.Methods mathematicamodels
analyticaltechniquescalculatedor deriveddata

N: Software softwaremodels.

Verification
and Validation
(V&V)

H: Specialistsengineerd QA, mechani¢ software systemand
others) projectandproductmanagerstechnologistssuppliers
manufacturersregulationbodies TCCA (Transport Canada Civi
Aviation), FAA (Federal Aviation AdministrationUsS),

EASA (European Union Aviation Safety Age¢cCAST
(Commercial Aviation Safety teamgtc

B: Requirement¢marketingtechnical aircraft operational
functionalandperformancesafety, maintainability, interface
regulationandcertificationrequirementsCAR (Canadian
Aviation Regulations) TCCA, FAR (Federal Aviation
Regulations} FAA, CS (Certification Spafication) - EASA).
DocumentsFMEA, QPL, Validation and Verificatioplansand
programprotocolsandtests(verification matrix: (requirements
associatedunctions developmengssurancéevel verification
methodsyerification conclusionyerificationcoverage
summary), certification plan, specificationsrequirements
allocation and traceability).

Methods mathematicaiodels analyticaltechniques
simulations etc

Inspection (the visual examinatiosystem, component, or
subsystem for physical design features or specific manufactu
identification,groundtests flight test,in i service data or
similarity, systemsafetyassessmer(iSSA), buyerfurnished
equipment (BFE)potentialrisks, technicalperformance
measurementsTPM).

Demonstrationsystem, subsystermrcomponent operation.
N: software softwaremodels for V&V, simulators agencies
(regulation certificationandqualification), infrastructures
(airport, runway etc).

Maintenance

H: Specialistsknowledgeowner, knowledgefocal andsystem
engineers

B: DocumentatioM ethods archive, knowledgebase servers
andsoftware

N: ---

Utilization (in
new projects)

H: Specialists engineerg QA, mechanic software system
engineersaandothery, managergprojectandproduc),
technologistsmarketingteam.

B: Documentatiommethods archive, knowledgebase servers
searchingmethodssoftware database modelbasedsystem
N: New orexisting programsor projects

Table 17: The main components and relationships for constrainw o r @utcdme (in the contextof Requirements)
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Sources:

(EIA, 1999) (RTCA SGC 167 / EUROCAE WG12, 1992) (Federal Aviéion Administration, 2016NASA 2007)

(INCOSE, 2006)(Department of Defense, 200{pAE Aerospace, 2010)ISO/IEC/IEEE15288, 2015fJackson, 2015)

(Crawley & al., 2016) (Raymer, 2012)

TheROM diagranfor Sentence8 updatedvith this knowledges represented in Figure

27.
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System Engineers (QA, “* —D\Mqi. Pre and post, Factors, Weather,

Environment, Traffic and Safety.

Mechanic, Software, and
others), Technologists, '——"‘_ %V\Functional, Physical, External,

Designers, Marketing, Internal, and Operational

. q - - -
Project Representatives Regulation Bodies |-#— Customers

Regulation, Customers, .—l— < - — 4 System Engineers, Technologists,
Market, Standards < Specialists Marketing, Project

- Representatives
Needs - Regulation Bodies
Budget, Time, Software

Models and etc. Y - I Function, Performance, Regulation,
> esources e Requirements  |«g——1@ N ) f
q Certification, Qualification and etc.

Initial concept of the
product « > Concepts - Trade-off studies

Giisor Safoareand ] ] Eaupment <
-
Simulators, Software and Hazards
etc. - 5i
< . imulators, Computers,
Equipment "Mai 'JI d oth
Procedures, SOW, — Maintenance tools and others

Hill

-~

Requirements Allocation A

and Traceability, ] » Actors Hperator, Crew, Passengers |
Validation and L -

Verification (V&V) Plans, Capabilities |4 _...‘ I R s ‘ 2:::? Runway, Test Tunnel and ‘

Protocols and Tests. -
—b— .Design, Architecture (Logical and
q— - Physical), System, Sybsystem,
_’ Components, Functions, and
< Processes of Function Exchanges.
4-' Standards, Airspace Policy, Flight
Laws & Rules, Procedures, Risk
- m wassessment, FMEA (Failure Mode
Analysis and Effects Analysis), Validation
and Verification Plans, Protocols,

Tests, Specifications, Manuals and
etc.

In the
context of

LE | | ; ) Requirements
1— Marketing, Project and

Product managers,

TCCA (Transport Canada), FAA (Federal '4.‘ -#—Technologists, Engineers
tion Bodies |« ali
Aviation Administration), EASA (European egulation Sodles Specialists (QA, Mechanic, Software,

Union Aviation Safety Agency) and etc. and others)

Capabilities ,Marketing/ Technical, Mission, Aircraft ﬁ Inspection 4—'!5 IO
Operational, Functional and Performance, Safety, .‘i Sl‘.flbs stlem f; h siéal
Maintainability, Interface; Regulation and v phy

design features or specific

Certification Requirements and etc. TERERT G e ity
Ground Tests, Flight Test and

Mathematical Models, Analytical
Techniques, Simulations and else. Suppliers -

.
FMEA, QPL, Validation and Verification Plans and 4_ ® Demonstration i system, subsystem., or
Program Protocols and Tests (Verification Matrix: component operation
(Requirements, Associated Functions, Development
Assurance Level, Verification methods, Verification ’ 47$ Documentation PArchive, Knowledge Base,

conclusion, Verification coverage summary)), Methods Servers, and Software
Certification Plan, Specifications, Requirements -1—
allocation and traceability. Model-Based

System

Requirements

etc.

-

Figure 27: Sentence 3 othe main ROM diagram updated with knowledge fromthe domain-specific environment analysis
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3.1.2.3 Sentence 4

Sentencelis. Scaenario analysis presents several alternative future developmesd, set

behaviour or risk assessment evemtBigure28 demonstrates this senteraefollows:

Scenario

4

Analysis
/—777-\\‘ future ‘ ‘ several ‘ ‘alternative‘
4 / . . ]
N
} presents M developments ‘ ‘ behgvior|

r

Yl @ -

H events ‘4—-‘ Risk assessment ‘

Figure 28: Sentence 4 fromthe general ROM diagram

Stepl:The main constrainedord isfiDevelopment®. Here, the analysis includes two

meanings of development: software and technologjiesr lifecycles aredefined as follows:

ADev el opgmeanmdfisoftwar®): conceptdevelopmentsynthesisvalidationand

verification (V&YV), approval maintenancandmodification

i De v el oognmeanmdriechnologieg): problem definitionknowledge discoverindgrade

offs generationyalidationandverification(V&V), approval

An additionalconstrainedvord isfi e v 6 thé esvironment analysis for this wores

perfomed inSentence.
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Step 2: Summary of the relevant componémitshe natural, built and human

environments foeach event ithelifecycle of the constrained words.

Tables18 and 19epresent the main components and relationships to the groupsethat

found in thenatural, built and human environments

Main Life Cycle Environment:
constrained Stages Human (H), Built (B), Natural (N)
word
Developments | Concept H: SpecialistsCSE (Chief System EngineeJDE (Chief Design
(meaning (through Engineer) systemengineerssoftwareengineers etc.
fisoftware0) Functional B: ScenariosRequirementssystem software protectionand
Analysis) computeranomalies; Softwareconstraints softwarelevel (A, B, C,

D and E) memoryandtiming consumptionmemoryprotection
programstorageandintegrity, computeranomalies fail-safe
designrobustnessprogramminganguage and compiler
Documentssoftwarestandardssoftwareplans:the plan for
softwareaspectof certification, the softwaredevelopmenplan, the
softwareverificationplan, the softwareconfigurationmanagement
plan, the softwarequality assuranceglan

N: Design constraints

Development
(Design and
Coding)

H: Specialistssystemengineerssoftwaredeveloperscommercial
aviation safetyteam CAST and others.

B: Design constraintardware definition to software,
Requirementssoftwareandredundancyequirementsprotection
requirementsprogramminganguage Documentssoftware
architecture PSSAI preliminary systemsafety assessmentontrol
structures softwarestructure fault containmenboundariesfailure
modes standardsARP4754A RTCA/DO-178B, etc

Hardware resourceprocessorsmemorydevices I/O devices
interrupts andtimers

Coupling Control anddata

N: ---

Synthesis
(Integration)

H: Specialistssystemengineerssoftwaredevelopersetc

B: Targethardware/computedocumentsSoftware architecture,
FHA'i Functional Hazard Assessmeimtegrity (correctness of
behaviar) of the functionsCodes: source object executable
objectcode Data Sourcelinking and loading data

N: Computerssystem subsystems anathers.

Verification
and Validation
(V&V)

H: Specialistssystemengineerssoftwaredevelopers an8QA -
softwarequality assuranceRequlation BodiesTCCA (Transport
Canada Civil Aviation), FAA (Federal Aviation Administration
US), EASA European Union Aviation Safety Agen¢cyCAST
(Commercial Aviation Safety teggretc
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B: Documentssoftwarearchitecture systemandsoftware
requirementstestcasestestprocedurestestresults coveragecode
structure traceabilitydata hardwareaddressessoftwareplanning
processsoftwareverification plan, softwareverificationresults
overlappingsoftwareverification processactivities, robustness
tests softwareconfigurationmanagemen{SCM), software
configurationindex(SCI), verificationtests software
accomplishmensurvey.

N: Equipmenttarget computer and simulator or emulator (test
equipment).

Approval
(including
Certification)

H: Certificationauthorities TCCA, FAA, EASA, CAST, JAA and
others customer supplier, specialists systemengineerssoftware
developerand SQA -softwarequality assurancgair carrier
associations

B: StandardsARP 4754A, AIR 6110RTCA/DO-178B etc;
Documentscertification, softwareaspectof certification, plan for
softwareaspectf certification, softwareaccomplishmensurvey,
softwarequality assuranceecords softwarelifecycle datg
softwareplansandstandardssoftwarerequirementeviations
softwareaccomplishmensummary softwareconfigurationindex
softwarerequirementslatg designdescription sourcecode
executableobjectcode compilerassumptionsreverification
guidelines softwareverificationresultsconfiguration etc.

N: Systemgcomputerssimulatoror emulator(test equipment).

Maintenance
and
Modification

H: Specialistssystemengineerssoftwaredevelopers and SQA
softwarequality assurancgair carrierassociationscertification
authorities customer

B: Documentsconfigurationmanagemenplan (includes
configurationidentification baselinesand traceabilityproblem
reports changecontrol, changereview, etc), SCM (software
configurationmanagementrecords softwareconfigurationindex
(SCI), softwarelifecycle environmentconfigurationindex(SECI),
softwarerequirementstandardssoftwarerequirementslatg
softwarecodestandads, designdescriptior{definition of the
software architecture and the léawvel requirementsyourcecode
executableobjectcode softwareverificationcasesandprocedures
certificationdata,etc

N: ---

Table 18 The main components and relationships for constrainw o r Bevdlopment® in meaning of software.

Main Life Cycle Environment:
constrained Stages Human (H), Built (B), Natural (N)
word
Developments | Problem H: Customersrequlationbodies specialists marketing project
(meaning definition representativesystemengineerg QA, mechanic software etc).

fitechnologie®)
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B: Project boundariestrategy cost, mission scenariq budget
funding scopeandpurpose andresourcesRequirements
(operational andorganizationapolicies

N: ---

Knowledge H:_Customersregulationbodies specialists marketing project
discovering representativesystemengineerg QA, mechani¢ software etc),
andinstitutions(who are developing the new technologies)
B: Researchdata documentsprojectplan, functionaldescriptions,
mission needgraceability designboundariestechnological
featuresrisks, andpreliminarydesign criteriaprojectfinancial
assumptionsreturnon investmentsbenefits assessmertf
potentialpayoffs, etc.

N: Step-specific tools and equipment.

Tradeoffs H: Specialistsmarketing projectrepresentativesystemengineers
generation (QA, mechanig software etc), andinstitutions(who are

developing the new technologies).

B: Concept capability, prototype models (physical, simulation,
demonstration, assumptipocumentsspecifications
engineeringplan technicaleventplan, designtraceability analysis
configurationmanagemenplan, designplans(e.g., electrical,
mechanical, structuragtc.),production/ manufacturingplan,
guality managemenplan, risk managemenplan, technology
assessmentevelopmenplan (includesschedulesfundingand
conclusion$, regulatorycompliancedatg internalcompliancedata
maintenancend otheoperationainformation Requirements
performancecost weight, risk, safety, efficiency; errors human
factorsetc; constrairs, conflicts, architectures functional and
physical limitations

N: Laboratory, simulat@randothers.

Verification H: Regulation bodiespecialists marketing project

and Validation| representativesystemengineerg QA, mechani¢ software and
(V&V) others), andnstitutions(who are developing the new technologie
B: Project boundariesnission missionneeds scenarios
Requirementscost, weight, risk; testmethods comparisorwith
proven concepi®perationatestandevaluation Documens:
lessondearnedproceduresvalidation planvalidation protocal

andtestreport.
N: ---
Technology H: Regulation bodiespecialists marketing project
Approval representativesystemengineerd QA, mechani¢ software and

(Qualification) | others), andnstitutions(who are developing the new technologie
B: Requirementdocumentsin-servicedataandsimilarity, system
safetyassessmen(iSSA), Certification plan, System Integration
Plan etc; Testmethods simulations evaluation demonstration
operational and flight tesfroundtest, etg

N: Trainingopportunities

Table 19: The main components and relationships for constratbwor d fiDevel opment so0 i n meaning
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Sources

(EIA, 1999)(Deutsch & Pew, 2005JRTCA SG 167 / EUROCAE WG 12, 1992) (NASA, 2007), INCOSE, 2006)

(Department of Defens@001) (SAE Aerospace2010) (ISO/IEC/IEEE15288, 2015fJackson, 205).

Step 3is represerdd bytheupdaedROM diagramn Figure29 with the knowledge

components and relationships tigre determined

Target computer, simulator or
emulator (test equipment).

TCCA (Transport Canada), FAA
(Federal Aviation Administration),
EASA (European Union Aviation
Safety Agency), CAST (Commercial
Aviation Safety team) and etc.

._\

N ﬁ Equipment -

CSE (Chief System Engineer), CDE
(Chief Design Engineer), System
Engineers, Software Engineers and
developers, Commercial Aviation
Safety Team- CAST and etc.

.

Regulation Bodies }47
[

| Hardware definition to software

System, Software Protection and
 Computer anomalies and etc.

Design Constraints }47
M Requirements |-

Control and Data |,

Software Level (A, B, C, D and E),
Memory and Timing Consumption,
Memory Protection, Program
Storage and Integrity, Computer
Anomalies, Fail-Safe design,
Robustness, Programming language
and compiler

.
Resources
>

Coupling -4

| Software ‘
Constraints
Target Hardware/
Computer
Documents
A ‘

Software Standards, Software plans:
Software Aspects of Certification,
The Software Development, The
Software Verification, The Software
Configuration Management, The
Software Quality Assurance,
Software Architecture, PSSA—
Assessment, Control Structures,
Software Structure, Fault
Containment Boundaries and etc.

Codes ‘..i

Data 1

’ In the context of software

-

._‘{ Functional, and Physical
- ___aStrategy, Cost, Mission, Scenario, Budget/
»- Project Boundaries Funding, Scope and Purpose, and Resources

—% Customers

i Ht S -t
J Specialists ‘

Marketing, Project representatives, System
Engineers (QA, Mechanic, Software, and
sothers), and Institutions (who are developing
the new technologies).

TCCA (Transport Canada), FAA (Federal

4 ________
Regulation Bodies <&——faiation Administration), EASA (European

-

e 4
ﬁ Research

Data

» Concept

> Models r

> Constraints
Conflicts
Test Methods ]

> Equipment » )
- Prototype

Union Aviation Safety Agency) and etc.

lOperational, Performance, Cost, Weight, Risk,
Safety, Efficiency

#Labaratory, Simulators, and etc.

Physical, Simulation, Demonstration,
/ Assumption and etc.

Project Plan, Functional descriptions,
mission needs, Traceability, Design
Boundaries, Technological features, Risks,
and Preliminary design criteria, Lessons
Learned, Procedures, Validation Plan,
Validation Protocol, Test report, In-Service

p-  Documents  <&—8nata and Similarity, System Safety
Project Financial
» Assumptions
AN

Assessment (SSA), Certification plan,
System Integration Plan and etc.

Return On Investments, Benefits,
Assessment of Potential Payoffs and etc.

Simulations, Evaluation, Demenstration:

——*operational and flight test, Ground test

and etc.

In the context of technologies

o

\ alternative

| .
\ . |
{
|

N A A
prmm }—b‘ developments ‘ l behe_wlor|

Scenario

Efé =~

>| events ‘4 * Risk assessment ‘

Figure 29: Sentences of the main ROM diagram updated with knowledge fromthe domain-specific environment analysis
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3.1.2.4 Sentence 5

Sentenceés is. Sditing scenarios isasedn the existing knowledge base and new
requirements Figure30 demonstrates this sentence in the form as it appears in the general

ROM diagram.

SteplThemainc onst r ai n ektowledge Bhse aarRequifémentd The
anal ysi s Reqguireneht®wasperfoumediunder the analysis®éntence.

Therefore fiKnowledge Baséis the analysis to be carried over.

setting P Scenarios
' N

( . 5 )

@ < Knowledge Base |« e existing

and

A requirements 4 -

=]
E.

Figure 30: Sentence 5 fronthe general ROM diagram

Step 2: Summary of the relevant componémtsiatural, built and human environments

for each event ithelifecycle of the constrained words.

Table20represergthe main components and relationships to the groupatéftund in the

natural, built and human environments

Main Life Cycle Environment:
constrained Stages Human (H), Built (B), Natural (N)
word
Knowledge Definition H: Customeyuser, specialists softwaresystemengineers
Base knowledgeowner, knowledgefocal, systemengineerssoftware
expertengineerssoftwaredevelopers
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B: Problemdescription requirementge.g.user,objects, activities,
and constrain)s humanexpertise do ma i sentargticstructure
sequencese.g. functional) specificationge.g. user requirement
functions, software systernmols parameteranathematical
equationstruth tables, rules, empiric relations, sequence of acti
software engineering tasksumerical computatiorgraphics,
general categories, software system specificatiensties
documents proceduresinformationflow structure, structureand
behaviar of thedesiredsoftwareapplication artificial
intelligence databasesexpertsystems inferencesngine, man
machineinterface queriege.g. sophisticateddeductive query
rules strategiege.g.optimizationtools), expertsystems spatial
objects conceptsrelationshipsfunctions activities (e.g. qieries),
constrains (e.g. restrictionsn the set of possibiliti¢sentity,
models knowledge archive, servers storage software

N: Computer systemsietworks data.

Creation

H: Specialistssoftwaresystemengineerssoftwareexpert
engineersandsoftwaredevelopers

B: Requirementse.g. user, objects, activities, and constraints),
Domai nés Se mdgSaqueaneet.& functional),ur e
Specificationge.g. user requiremerftinctions, software system,
tools parametergnathematical equations, truth tablades,
empiric relations, sequence of actions, software engineering ta
numerical computatiorgraphics, general categoriesialysis,
software system specificationghtities, documents procedures
softwareengineeringasks informationflow structure, structure
andbehaviarr of thedesiredsoftwareapplication lessondearned
artificial intelligence databasesxpertsystems inferenceengine
manmachinenterface queries(e.g. sophisticatedleductive
query),rules strategieqe.g.optimizationtools), expertsystems
spatial objects conceptsrelationshipsfunctions activities (e.g.
gueries)constrairs (e.g. restrictionsn the set of possibilitigs
entity, models notationsandguidelines interactionsknowledge
archive, servers storage software

N: Computersystems networks data

Maintenance

H: User, specialists maintenancgrogrammerssoftwaresystem
engineersknowledgeowner, knowledgefocal, systemengineers
softwareexpertengineerssoftwaredevelopers

B: Knowledge documentsaandspecifications structureand
behaviarr of thedesiredsoftwareapplication artificial intelligence
databasesdatabase&nowledgedirectedtechnologiesinference
engine manmachineinterface queries rules expertsystemshells,
expertsystems graphics generalcategories

N: Computersystems networks data servers software

Searching and
Leveraging

H: User, specialists softwaresystemengineersknowledgeowner,
knowledgefocal, systemengineerssoftwareexpertengineers
softwaredevelopers

B: Knowledge documentsandspecifications software search
enginesrules artificial intelligence databasesdatabases
knowledgedirectedtechnologiesinferenceenging man-machine
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interface queries rules expertsystems graphics general

categories
N: Computersystems networks data servers software

Table 20: The main components and relationships fothe constraintwor d fiKnowl edge Baseo

Sources

(Jake et al., 1989)Zeroual & Robillard 1992) (Institute of Electrical and Electronics Engineers, 19@)rgun et al., 2001)

(Anjum et al., 2013)(NASA, 2007),(Noy & McGuinness, 2001INCOSE, 2006)(Department of Defens&001)

Step 3 Representationf updaedROM diagramn Figure 3 with the knowledge

components and relationships tharefoundwithin the analysis oBentence 5.
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User, Requirement, Function, Software System,
i Tools, Parameters, Mathematical Equations,
B Interface Engine Truth Tables, Empiric Relations, Sequence of
/'Actions and etc.
—m  Specifications
Customer - %Functional
— Sequences
User < /'Optimization Tools
: S JSoftware System Engineers, Knowledge Owner,
Human Expertise Knowledge Focal, System Engineers, Software
Specialists Expert Engineers, Software Developers
Domain’s
:tem;ntlc | Documents - Procedures, Structure, Information Flow
fucIure Structure, and etc.
Entities Requirements 'User, Objects,
Activities,
Databases ‘ Queries v | Constraints and etc.
F Sophisticated Deductive Query and etc.
Expert Systems | Expert Systems
i : 'Computer Systems, Networks, Server,
Inference Engine ™ p| Spatial Objects Software, Archive and etc.
Man-Machine |«g .‘ Equipment
Interface =
Rules - - Concepts
‘/+ Artificial Intelligence, Data-Bases- ‘
Problem ¢ »| Technologies Knowledge-Directed and etc.
Description
. i Restrictions on the set of possibilities
Relationships [ > Functions nd etc.
T ties < »| Constraints
Notations and | g o Models
Guidelines gl
Interactions > Knowledge
T T Categories
setting Scenarios
<775/> Search Engines

Knowledge Base

requirements

E
A

@

requirements
v

Figure 31: Sentenceb of the main ROM diagram updated with knowledge fromdomain-specific environment analysis
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3.1.2.5 Sentence 8

Sentenced states Operational scenarios include operational mpaession phases
(e.g., installation, statip, nominal, offnominal, stressfutonditions, shutdown, and
maintenanckg critical sequences of activities for usérs-igure 2 demonstrates this sentence in

the form as it appears in the general ROM diagram.

i maintenance

shutdown

Start-up

— P instalation

P conditions

include modes | : offnominal
phases ‘4—+ mission| ﬂ stressful ‘

7
critical for users
! scenarios ‘H Operational ‘

+

The

Figure 32 Sentence 8 fronthe general ROM diagram

Stepl:The lifecycle for themain constraine@ords iModesd, Phase® and

fiSequencegdefined as follows:

AiModeso: planning actionpreparatiorto action action andendof action

fiPhases®: pre-mission,mission after mission
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ASequences: analysistriggers(for the sequences, hierarchy and ordegationof sequences,

documentatiof sequencedraining validationandverification (V&V ).

Step 2: Summary of the relevant componéoitshe natural, built and human

environments foeach event ithelifecycle of the constrained words.

The tables below represent the main components and relationships to the groanes that
found in thenatural, built and human environmentfese environmentgedesignatedn

Tables 21, 22 and 23 with themitial capital letters in each lifecycle stage.

Main Life Cycle Environment:
constrained Stages Human (H), Built (B), Natural (N)

word
Modes(in the | Planning H: Actors aircraft crew, air traffic controller
contextof Action B: Mission methods documentsplans protocols checklists
operational proceduressequencesof functions),data technicaldatg anomalies
modes of variancesand othes; software strategy conditions normal
Aircraft) emergencyweathey surfaceand otherscapabilities resourcestime,

technicallimitations scenarios
N: Place ground air, andwater, factors weather mechanicand

human
Preparation | H: Actors aircraft crew, air traffic controller
to Action B: Methods documentsplans protocols checklists procedures

sequencesof functions),data technicaldata anomalies variancesand
others software strateqgy conditions normal emergencyweather
surfaceand otherscapabilities resourcestime, technicallimitations
facilities, systems navigationsystem transponderradio, braking
systemetc

N: Place ground air, andwater, factors weather mechanicand
human

Action H: Actors aircraft crew, air traffic controller

B: Methods documentsplans protocols checklists procedures
sequencesof functions),data technicaldata anomalies variances
etc, software strategy conditions normal emergencyweather
surfaceand otherscapabilities resourcestime, technicallimitations
etc; facilities systems navigationsystem transponderradio, braking
system and othersyubsystemsandcomponents

N: Place ground air, andwater, factors weather mechanicand

human
End of H: Actors aircraft crew, air traffic controller, and groundsupport
Action team

B: Methods documentsplans protocols checklists procedures
sequencesof functions),data technicaldata anomalies variancesand
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others software strategy conditions normal emergencyweather
surfaceand otherscapabilities resourcestime, technicallimitations
and othersfacilities systems navigationsystem transponderradio,
brakingsystem etc; subsystemsandcomponents

N: Place ground air, andwater, factors weather mechanicand
human

Table 21: The main components and relationships for constraihbwor d f Mode s 0

Main
constrained
word

Life Cycle
Stages

Environment;
Human (H), Built (B), Natural (N)

Phaseqin the
contextof
mission phases)]

Prei mission

H: Actors aircraft crew, air traffic controller, andgroundsupport
team

B: Missionreguirementsmethods documentsplans protocols
checklists procedureandmanuals sequencesof functions) data
technicaldatg anomalies variancesetc; variablesflight time, fuel
amount weight load(e.g.cargq passengersrew, baggagg,
balance dltitude, pressure AOA - angle of attack temperaturgsea
level turbulencandexand others software strategy conditions
normal emergencyweathey surfaceand otherscapabilities
resourcestime, technicallimitations facilities systems navigation
system transponderradio, brakingsystem and othersonstraints
shortrunways obstaclesetc

N: Weatherconditions wind, rain, icing, thunderstormsnd others;
naturalhorizon aircratft traffic, terraininfluenceshazardscross
wind componentdaylight/night conditions

Mission

H: Actors aircraft crew, air traffic controller, andgroundsupport
team

B: Capabilitieg(e.g.pilot, aircraft), aircraft partsforms wing, tail,
fuselageandempennagemissionrequirementsmethods
documentsplans protocols checklists procedureandmanuals
sequencesof functions),data technicaldata anomalies variances
and othersvariables speed flight time, fuel amount weight, load
(e.g.cargq passengersrew, baggagg balance altitude, pressure
AOA - angleof attack temperaturgsealevel turbulencendex etc;
software strategy conditions normal emergencyweathey surface
etc; resourcestime, technicallimitations facilities, systems
navigationsystem transpondermradig, flight instrumentsflight
control, landinggear, spoilers flaps speedbrake engines thrust and
thrustreverseyauxiliary power unit, fuel, hydraulic pneumatic
electrical oxygen environmentalcontrol, anti-icing, navigation fire
control, constraints short runways obstaclesetc

N: Weatherconditions wind, rain, icing, thunderstorms&nd others;
naturalhorizon, aircraft traffic, terraininfluenceshazardscross
wind componentdaylight/night conditions

After
mission

H: Actors aircraft crew, air traffic controller, andgroundsupport
team
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B: Aircraft partsforms wing, tail, fuselageandempennagegmission
requirementsdocumentschecklists procedureandmanuals data
maintenanceosts technicaldata anomaliesvariancesand others
software facilities

N: Weatherconditions wind, rain, icing, thunderstormand others;
naturalhorizon aircratft traffic, terraininfluenceshazardscross
wind componentdaylight/night conditions

Table 22: The main components and relationships for constrainwo r d

APhaseso

Main Life Cycle Environment:
constrained Stages Human (H), Built (B), Natural (N)
word
Sequences Analysis H: Specialistssystemengineerg QA, mechanic software etc),

systemarchitect quality assuranceepresentatives
B: Eventsgcenariosmissions requirementsmodes structure data

procesgarametes (e.gtime, dependencyules resources
semanticsinteractionslanguagg boundariegsystem operations,
system(theform), systemcomponentgobjecty, levelof
abstraction functions interfacegfunctional physicalanddata
interfacedetween system elemejtsapabilities risks conditions
weatherenvironment etc.; toolsmodels functionalflow diagram
(FFD), eventsequencaliagrams eventtrees criteria (e.g.task
criticality, environmentakonstraintsworkload feasibility), human
andmachineadaptability

N: ---

Triggers (For

hierarchy and
order)

thesequences,

H: Customersactors aircraft crew, air traffic controller, and
groundsupportteamand otherstegulationbodies specialists
marketing projectrepresentativesystemengineerqQA,
mechanic software etc), quality assuranceepresentativesnd
systemarchitect

B: Eventssécenariosrequirementsstandardsandauthority, FMEA
(e.g.risk mitigation and others)functionalinteractions
capabilities functions interfacessystememergencestructure(of
theoperational functionsgtc

N: ---

Creation of
sequences

H: Specialistsmarketing projectrepresentativesiuman
engineering engineersystemengineerd QA, mechanic software
and others)quality assuranceepresentatives, arsgstemarchitect
B: DocumentsSOPs proceduresinstructionschecklists task
descriptionsand othersinterfacege.g.humanmachine),
instructionaldrawingsthat include ideas, thoughts, arguments, a
conditions;characteristic®r attributesthat describes the system
and its components.

N: Network,computerssoftware simulators etc
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Documentation H: Specialistshumanengineering engineersystemengineers

of sequences | (QA, mechanigsoftware etc), quality assuranceepresentatives,
andsystemarchitect

B: Documents SOPsproceduresinstructionschecklists task
descriptionsmanuals etc; instructionaldrawings

N: Projectprogramenvironment software servers knowledge
basesarchives etc.

Training H: Users aircraft andgroundcrew, passengergnstructorsflight
andtraining specialists quality representativéeam,system
engineers

B: DocumentsSOPs procedurege.g.operational etc), checklists
trainingmanuals trainingrecords equipment simulatorsand
computers software trainingevents(theoreticalandpractica),
skills, requirements

N: Network facilities

Validation and | H: Customersactors aircraft crew, air traffic controller, and
Verification groundsupportteamand otherstegulationbodies specialists
(V&V) marketing projectrepresentativesystemengineerqQA,
mechanic software and others)juality assuranceepresentatives,
andsystemarchitect

B: DocumentsSOPs procedureschecklists trainingdocuments,
evaluationtests and examshoreticalandpractica), V&V : plans
protocols testreportsandrecords requirements equipment
simulatorsandcomputers

N: Network facilities

Table 23: The main components and relationships for constranwor d A Sequenceso

Sources

(Federal Avigion Administration, 2016) (NASA, 2007), (INCOSE, 2006)(Department of Defense, 2001$AE Aerospace,
2010) (Jackson, 2015)Dufresne, 2008)Gutierrez, 2018)Crawley et al., 2016Swaminathan & Smidts, 1999Peutsch &

Pew, 2005)(Harris et al., 2015)YMicskei & Waeselynck, 2011fPipern et al., 2013)(Piperni et al., 2007(SAE Aerospace,

2011)

Figure 3 representtheupdatd ROM diagramStep 3 with the knowledge components

and relationships that fouma theanalysis of Sentence 8
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Aircraft Crew, Air Traffic
Controller and Ground
Support Team

— Actors
e e, [
Wing, Tail, Fuselage, an - Capabilities
Forms

Aircraft Crew, Air Traffic

Controller and Ground round, Air, and Water
Technical Data, ‘ Weather, Mechanic,
Requirements

Anomalies, Speed, Flight
’ | $H d etc.
Time, Fuel Amount, 4——/ uman and etc
s

Weight, Load (e.g. Cargo, - -
Passengers, Crew, 47,"3"'83“0" SVS‘E".‘:
Baggage), Balance, '—b— Transponder, Radio,
’ 4 ata - )
Altitude, Pressure, AOA - e Braking system and etc.
Temperature, Sea Level, [P R
Turbulence Index and Methods
e
- Time, Technical
Time, Technical o ] Limitations and etc.
Cappabilities  [<#— -

Limitationsand etc. [P R
Facilities
Plans, Protocols, .._ > Normal, Emergency,

" - $Weather, Surface >
Chsc;hsm ll’mcedufeS \ |—m=  Conditions - | ﬁ
e I Documents — |<#—| Technical Data, |

Normal, Emergency, Data 4 [Anomalies, Variances > ﬁ

Weather: Wind, Rain, !

Icing, Thunderstorms; * - Plans, Protocols, *ﬁ

Natural Horizon, Aircraft . y i . !
b - < Checklists, Procedures |

Traffic, Terrain \ |

Influences, Hazards, ._‘.

Cross Wind Component, Constraints

iti -

A

A

Short Runways,
Obstacles and others

Navigation System,
Transponder, Radio,
Flight Instruments, Flight

System Engineers (QA,
Mechanic, Software, and

Control, Landing Gear, .

Spoilers, Flaps gpeed others), System Architect, Events/Scenarios
Brake, Engines, Thrust Quality Assurance ™ Specialists and

and Thrust Reverser, representatives and etc. Regulation bodies
Auxiliary Power Unit,

Fuel, Hydraulic, System, Operations ‘ Boundaries P—

Pneumatic and etc.

Functional, Physical and Requirements -— ¥
Data Interfaces between L\*
system elements Interfaces

Operational
Process parameters (e.g.

Time, Dependency Rules, Structure ‘ comes ‘—'requirements | @

Resources, Semantics, : Funch d
Interactions, Language) m ;:1 :i;:c;?oanns
System forms and —
Components Missions
| Level of ‘
Abstraction |«

t .

Modes

I

Weather, Environment - Capabilities
Conditions
and etc. .
Risk

Functional Flow ._M iteri
Diagram (FFD), Event -
Sequence Diagrams, Human and = Instructional
Event Trees Machine ¢ Drawings

Adaptability

Figure 33: Sentence 8 othe main ROM diagram updated with knowledge fromdomain-specific environment analysis
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3.1.2.6 Sentence 9

Sentence states Thig product development process involves extensive information,
knowledge exchange and simg among teams and developefsigure34 demonstrates this

sentence in the form as it appears in the general ROM diagram.

information -
—
; tensive
process H involves exchange <—¢/\ E’,(._‘
‘ : ‘ /T4 knowledge <

A , /
\ /
\
S b\
T Y ¥\ Tteams |
(° ) > chari )
‘ sharing M among and

development

Figure 34: Sentence 9 fromthe general ROM diagram

Step 1:The life cycle for thenain constrainedord fiExchange and Sharing is defined

as follows:

fiExchange and Sharing (In the contexof knowledge or information record maintenance

searchinganalysis andtransfer

Step 2: Summary of the relevant componénitsratural, built and human environments

for each event ithelifecycle of the constrained words.

The table below represexthe main components and relationships to the groupsat@at
found in thenatural, built and human environmenifiese environmentgedesignatedn Table
24 with their first capital letters in each lifecycle stage.
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Main Life Cycle Environment:
constrained Stage Human (H), Built (B), Natural (N)
word
Exchange and | Record H: Users specialists marketing projectrepresentativesystem
Sharing engineerd QA, mechanig software etc), knowledgeowner, and
(knowledge or knowledgefocal
information) B: Data(e.g.parametersvalues etc), knowledgebase

architecture knowledge(e.g.statementsproblemdescription,
languagdormat requirementge.g. user,objects, activities, and
constraints)specificationsrules(e.g.mathematicabquations
numericalcomputation, sequencef actions graphics entities
documentée.g.proceduresstrategie$, databasesnanmachine
interface conceptsviews, relationshipsconstrairts (e.g.
restrictionson the set of possibiliti¢s models archive, servers
storage software

N: network

Maintenance

H: Specialistsknowledgeowner, knowledgefocal, software
expertengineerssoftwaredevelopers

B: Functionalinteroperability ssmanticinteroperability
data(e.g.parametersvalues etc), knowledgebasearchitecture
knowledgebase databaseslanguagdormat specificationsrules
(e.g.mathematicakguations numericalcomputatior), sequence
of actions documentge.g.proceduresstrategiesagent
communicatiorprotocol specificationof thecontentof shared
knowledge), manmachineinterface conceptsviews
relationshipsconstrairis (e.g. restrictionsn the set of
possibilitieg, models archive servers storage software

N: network

Searching

H: Users specialists marketing projectrepresentativesystem
engineergd QA, mechanic software etc), knowledgeowner,
knowledgefocal, softwareexpertengineersandsoftware
developers

B: Activities (e.g. queries);onsistentandcoherentview,
functionalinteroperability ssmanticinteroperability agreement
(on the meaning of the terjngntologies knowledgebased
systemsdata(e.g.parametersvalues etc), knowledgebase
architecture knowledgebase databaseslanguagdormat,
specificationsrules(e.g.mathematicabquations numerical
computation, sequencef actions documentge.g.procedures
strategiesagentcommunicatiorprotocol, specificationof the
contentof shared knowledge)nanmachineinterface concepts
views relationshipsconstrairts (e.g. restriction®n the set of
possibilitieg, models archive servers storage software

N: Network

Analysis

H: Specialistsknowledgeowner, knowledgefocal, software
expertengineers andsoftwaredevelopers

B: Consistent andoherentview, functionalinteroperability
semanticinteroperability agreementon the meaning of the
termg, semantic and syntactic differencenguagdormat rules
(e.g.mathematicakguations numericalcomputatior), sequence
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of actions relationshipsconstrainge.g. restriction®n the set of
possibilitieg, models etc
N: Network

Transfer

H: Users(e.g. workgroups, teamgpecialists marketing project
representativesystemengineerg QA, mechani¢ software etc),
knowledgeowner, knowledgefocal, andsoftwareexpert
engineers

B: Functionalinteroperability ssmanticinteroperability
agreemen{on the meaning of the termghntologies architecture
of ontologiesknowledgebased systemgata(e.g.parameters
values etc), databaseslanguagdormat, specificationsrules
(e.g.mathematicakguations numericalcomputatior), sequence
of actions documentge.g.proceduresstrategiesagent
communicatiorprotocol specificationof the contentof shared
knowledge), manmachine Interfageconceptsconstrains (e.g.
restrictionson the set of possibiliti¢s models archive, servers
storage software

N: Network

Table 24: The main components and relationships fothe constraint w o r d

Sources

knowledge or information

(Wu et al., 2014fNASA, 2007), (Noy & McGuinness, 2001(Department of Defense, 200{)Jackson, 2015fAnjum et al.,

2013) (Burgun et al., 2001)Jarke et al., 1989)

Figure & representStep 3 intheupdaedROM diagram with the knowledge

components and relationships tharefound.
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* Statements, Problem Description and etc.

N

User, objects, activities, and constraints

Marketing, Project representatives, System
'Engineers (QA, Mechanic, Software, and

others), Knowledge Owner, and Knowledge
Focal, Software Expert Engineers, Software
Developers

—eProcedures, Strategies, Agent Communication
Protocol, Specification of the Content of Shared

Knowledge and etc.

Parameters, Values and etc. ‘

/A

Functional and Semantic ‘

sNetworks, Servers, Archive, Software, and

etc.

Mathematical Equations, Numerical

Computation and etc.

'Restrictions on the set of possibilities
and etc.

N

| Knowledge Base |
Architecture
- Knowledge
Knowledge Base |<—— -
- —®{ Language format
Users ¢
Requirements
Ontologies < -
S Specialists
Architecture of p—
Ontologies [
Documents
Knowledge-based o
systems i B Data
Databases ‘ Interoperability
Semanticand [ — Specifications
Syntactic -
Differences Sequence of
- L Actions
A [ oot
<l
Entities - > Concepts
Relationships - > Rules
Agreements > Graphics
Views < »- Constraints
effect > Models

information .

—

4
‘ process H involves exchange ‘.4.
A |

v

sharing

development

<

among

L]
extensive
knowledge |«

J

teams |

and

developers

Figure 35: Sentence 9 othe main ROM diagram updated with knowledge fromthe domain-specific environment analysis
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3.2 Summaryof the knowledgedevelopment partfor ADRO

By usingthe EnvironmenBased Design (EBD) methodologywide range of
knowledge for ADRO waprovided with less efforthan conventional method§his knowledge
includes taxonomies, classes, components@ationshipgrepresented iGections3.1.2,and
3.1.2.1 to 3.1.2 p andis usefulin thecreation ofADRO and structuré organizational
knowledge (e.g. requirements and othdrsaddition, his knowledgecanhelpin transitioring
from adocumenvcentric toamodelcentric knowledgdase thabrganizations argenerally
striving for to improve their performancelhis transitions essentiabndhas theadvantage of
usng one core information withithe organizationThis method also providguniform
language or key words and relationships for utilizatioth@knowledge searching proce#s.
canalsoprovideanopportunity toobtain awide spectrum of specific knowledge (e.g.
requirements) for implementation in new projedtse EBD methodolgy has provedto bean
effective approach that can be utilized by less experienced pensdcanprovide essential

resultsin ashort period of time.

3.3Top levelrequirementanalysisto enable knowledge utilization

One of the main generaapabilities of an aircraft system is landihgndingis
considered to belsigh work load for the pilgphase of flight that requires the simultaneous
existence of communication, integration and other activities or specific sequences in time and

function For this reason, the genetap levelrequirementor asystemsuch asnaircraftis
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further decomposei a list of requirements famonceptual desigrwhichis thebasis for the
next steps in system design.

For ease of discussioBections3.3.1 to 3.3.3 describeananalysis of theop level
requirement (e.g. example thie procedurebased EBD methodoloyyo characterize a list of
key componentas well as theirelationships that can be usastaggingcomponents within a
searchingprocessf existing relevantlecomposedequirements Section3.34 presentshe
analysisresultsversushe model approachwhich isbased on theo-calledArcadia method

(Bonnet, 2015)

3.31 Top levelrequirementanalysisby usingthe EBD methodology

Figure36 presentgraphically the top level aircraft requiremaisinga ROM diagraman
EBD linguistictool,The requirement is AThe Aircraft shal
the aircraft during all foreseeable landing conditions within the aircraft defined landing distance
and r u Basedyrstlie ROM diagram, the environment analysis can be ieitiddizasking
geneic questionsThe ROM diagram emphasizétge main constraining componenighich are
aircraft, capability, landing,conditions,stop, distance, andunway.The next step it create a
definition of object list fothe questioning Table 25 represents the relations between the

components of the ROM diagram following the rules representedyime 2.
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foreseeable | g

landing
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The L: shall i
‘ Aircraft have —b{ capability
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+dunn©»1 conditogy y

| Wlthln | dlstanc@\

Figure 36: Representation of general top requirement by utilization of ROM diagram

Object|1 |2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14 |15 |16
1 3

2 1

3 3

4 1 2

5 3 3

6

7 3 3 |3

8 2

9 3 2

10 3 2 |2
11 3

12 2

13 2

14 2

15 3 |3
16 3

Table 25: Representation ofthe relations between the components of the ROM diagram

Table 26summarize the number ofelations between the components of the ROM

diagram. It can be seen in the table thiag central object is dince ithas higher number of
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constraints and predicate relatioRrggure ¥ illustrates the structure of the objects around central

object 4 in érms of constraint and predicate relations derived from the ROM diagram

Numb_er of 4 3 5 1
relations
Object 4 8,12, 13 2,6,10, 14 7,9

Table 26: Number of constraint and predicate relations on an object

11
/
7
.»"f
'
1 A T
| 12
|
8 2 9
13
\ | | /"/ \‘m
3|— | 4| —|5|—|6|—]10 15
| |

Figure 37: Structure tree of constraint and predicate relations of objects

Figure ¥ and the rules of EBD methodology defiredobject list for questionings
provided inTable 27 Table28 summariesthe generic questions that were defined by the rules
andtemphtes thatfollowed the EBD methodology and environment analysissented in
Section2.3 These questiordefinethe boundaries but do nifiiter outimportantinformationfor

the analysis.
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Questioning object list | 2, 8, 2&8&4, 11&7, 16&12, 2&4&5&6&9&12&7&11,
28485868&9&16&12, 28&48&586&10&15&13, 2848&58&6&10&15&14

Table 27: Object list for questions generation

# | Component/s Question

1|2 T1: What is aircraft?

2|8 T1: What is capability?

3| 2&8&4 T4: What do you mean by aircrdifés capability?
How/why/when/where does aircraft have capability?

4] 11&7 T2: What is foreseeable landing?

5] 16&12 T6: What are all conditions? e contexbf landing conditions...

6 | 2&4&586&9&12&7&11 | T4: How/When/Why/Where does aircraft have to stop during

foreseeable landing conditions?

7 | 284&5&6&9&16&12

T4: How/When/Why/Where does aircraft have to stop during all
conditions?

8 | 2&4&5&6&10&15&13

T4: How/When/Why/Where does aircrafive to stop within defined
distance?

9 | 2&4&5&6&10&15&14

T4: How/When/Why/Where does aircraft have to stop within defing

runway?

Table 28 Generic question representation for environment of the main and constrain words of thequirement

1. What is aircraft?

An aircraft is a machine that is able to fly through the air by creatmmgssure

difference usin@ specific shapéDictionary, 2015)

2. What is capability?

AANn expression of a system, product,

objective under stated conditianNCOSE, 2006)

functi

3. What do you mean by aircrdfaiscapability? How/why/when/where does aircraft have

capability?

Aircraft has capability of Load, Taxi, Take Off, Climb/Abort, Cruise, Descent, Approach,

Divert, Landing, Decelerating, Unload, Communicate and Maneuver. These capabilities
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areachieved byaircraft functions. The design process defines the functionstfa
aircraft by analyzing requirements, constraints, entities, attributes, features, and
interactions. The functions allotueaircraft to perform its missions (task, action, or

activity).

. What is foreseeable landing?

fiLanding is the horizontal distance necessarlatal and to come to a complete stop
from a point 50 feet above the landing surfa¢d.S. Code of Federal Regulations,
2020) It is accomplished by slowing down and descending to the ru(@i&y T, 2013)

This phase includes the following sphases:

AFlare is transition from nodew to noseup attitude until touchdown position.

A L a mol is thegstep when aircraft exits the landing runway or comes to a stop.

Thespeed reduction is accomplishegreducing thrust and/or inducing a greater amount
of drag using flapdanding geaor speed brake&age Educational Pub, 199{Crane &

Crane, 1997)

. What are all conditions? lilne contexbf landing conditions...

The conditions includeht plane sizandweight,therunway length andunway
conditions é.g.smooth, dry, hardurfaced), obstacles, ground effecestain weather
conditionge.g.wind, crosswind, precipitatiore(g.icing, snow, wateandfog)), runway
altitude, air temperate, air pressure, air traffantrol, visibility, avionics and the
overall situationU.S. Code of Federal Regulations, 2QZBgderal Aviation

Administration, 2016)(Flight Operations Support & Line Assistance, 2002)
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6. How/When/Why/Where dodabeaircraft have to stop during foreseeable landing
conditions?

The aircraft must stop #te Actual Landing Distance (ALD). ALD is a measure between

a point 50 feet above the runway threshold, and the point where the aircraft comes to a
complete stop. Standard temperature, landing configuration, stabilized approach at VLS
or VMCL, non-excessive vertical acceleration, runway conditiaasgptableressure

on the wheel braking systems, spoilers and reveafiezffect ALD (Flight Operations

Support & Line Assistance, 2002)

7. How/When/Why/Where does aircraft have to stop during all conditions?

AThe aircraftmuststop at the runway within all weathendrunway surface conditions
(dry, wetand contaminated unways(smooth, groovedgcedand noniced)o (U.S. Code

of Federal Regulations, 2020)

8. How/When/Why/Where dodgbeaircraft have to stop withiadefined distance?
and
9. How/When/Why/Where dodgbeaircraft have to stop withiadefined runway?

Engine power, brakes and mechanical spoilers are the methods for decelerthigon of
arcraft. The deceleration function has two sf@ilnctions:primary stoppingforce(wheel
brakesystem) andecondarystoppingforce(thrustreverse). Entities fordeceleratig

the arcraft on the ground includihe wheelbrakesystem thrustreverseyspoilers
enginecontrolsandstructuralintegrity (landinggear, fuselageetc). In addition the
aircraft shall have auto brake, astid and hydraulicalhdriven brake systems atige
pilot shall be allowed to override the autobrake function. Quantified requirements for

deceleration include landing weight, approagobesi, deceleration method used, pilot
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technique and environmental conditid®\E Aerospace, 2011)SkyBrary, 2019)

(Flight Operations Support & Line Assistance, 2002)

By analyzing informatiothatwasfound the main points summarizedtimefinal

informatioral sectionfor thegeneral question asking stepeas follows:

1. An aircraftfliesthrough the air bgreatinga pressure differencgsinga specific shape. 2. It

usesstatic lift or dynamic lift of an airfoil, or the downward thrust from jet engineAir8raft

capabilities are Load, Taxi, Take Off, Climb/Abort, Cruise, Descent, Approach, Divert, Landing,
Decelerating, Unload, Communicate and Maneuverhé.arcraft has functions (task, action, or

activity) tocompletea defined mission under stated conditionsTBelandingmission is

accomplishedby slowing downanddescendingo the runway. 6. This is accomplished by

reducingthrust and/omereasinca dragusingflaps, landing gear or speed brakednportant

entities forlandingareplane size, weight, runway characteristics (altitude, length) and conditions

(dry, wet, haresurfaced, contaminated: smooth, grooveel), obstacles, ground effects,

weather (wil, crosswind, precipitationcfng, snow, water/ran, f ogé), runway, ai
temperature, air pressure, air traffic control, visibility, avionics. 8. Technical entititrgefor
landingprocess includstabilizedapproach at VLS or VMCLapproach speedjgceeration

method used, pilot technigueheelbrakings y st ems and its6é pressur e,
spoilers and reversers,engm® nt r ol s and structural 9 AUWegrity
(Actual Landing Distanges the horizontal distance necess@arjandandio cometo a complete

stop from a point 50 feet above the landing surface. 10. This indliade@ransitionfrom nose

low to noseup attitude until touchdown position) atahdingroll (whentheaircrat exitsthe

landing runway or comes to a stop). Iiladdition,the arcraft can have auto brake, askid
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and hydraulicallydriven brake systems. 1Z.he arcraft pilot canoverridethe autobrake

function.

Thesectionintroduces information fromthe general environment of approach and
landing processes. This step maiteeasy to recognize the active verbs or nodiese words
arehighlighted in green foemphasisThe specific nouns by rephrasing to the verbs Have
meaning of active words and che useful irthedefinition of interactions and performances
following theEBD methodologylInteractions here are simple sentences that include active verbs
from the generakectionand relative nouns and/or extension for some descriptive wogads in
specfic environment. Performances are the relationships within interactiabte29 lists

definitions of19 interactions:

Interaction Number| Interaction description
In#1 Aircraft flies
In#2 An aircraft is creating pressure difference
In#3 An aircraftusing a specific shape
In#4 An aircraft using lift
In#5 An aircraft using the downward thrust
In#6 An aircraftcompletes defined mission
In#7 An aircraft accomplisheanding mission
In#8 An aircraft is slowing down
In#9 An aircraft isdescending tthe runway
In#10 Reducing thrust ancreasing a dragccomplishes slowing down and

descending

In#11 An aircraft is using flaps, landing gear or speed brakes
In#12 Landing process include stabilized approach
In#13 An aircraft stabilizes speed
In#14 Pilot uses deceleration method dadhnique
In#15 An aircraft lands within a given distance
In#16 An aircraft stops within a given distance
In#17 An aircraft perforns Flare
In#18 Aircraft exits the landing runway
In#19 Pilot override the autobrake

Table 29: List of defined interactions
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The general idea of the approach and landing processes can be understdogimgf
theinformation provided in thgenerakectionand questions answering steft facilitates
recogniang the relationships within interactions. this processeach interaction with another
from the 19 is analyzed his analysis creati€l9 tablesThe presence of a relationship is
indicated by the number "4" for indication purposes olmyhe same way the absenceaafy
relationships indicated by thenumber "0"'int h e A Cauma lhdhauld be noted that only
thefirst threetables namely,Tables30, 31 and 32re presented for discuss purposs; other

tables arencludedin the Appendix

O
)
c
)
=8

Interaction Interaction

In#1: Aircraft flies In#2: An aircraft is creating pressure difference.
In#3: An aircraft using a specific shape.

In#4: An aircraft using static and dynamic lift
In#5: An aircraft using the downwathrust

In#6: An aircraft completes defined mission
In#7: An aircraft accomplishdanding mission.
In#8: An aircraft is slowing down

In#9: An aircraft isdescending to the runway
In#10: Reducing thrust dncreasing a drag
accomplishes slowing down and descending
In#11: An aircraft is using flaps, landing gear or
speed brakes

In#12: Landing process include stabilized approac
In#13: An aircraft stabilizes speed

In#14: Pilot uses deceleration method gswhnique
In#15: An aircraft lands within a given distance
In#16: An aircraft stops within a given distance
In#17: An aircraft performFlare

In#18: Aircraft exits the landing runway

In#19: Pilot override the autobrake

O|O|0|0|0O|0|~O|O

o

oO|0O|O0|0|0|o(~ O

Table 30: Representation of relationships ofnteraction#1 with other interactions

Interaction Interaction Causal
In#2: An aircraft is creating In#1: Aircraft flies

pressure difference. In#3: An aircraft using a specific shape.

In#4: An aircraft using static and dynamic lift
In#5: An aircraft using the downward thrust
In#6: An aircraft completes defined mission
In#7: An aircraft accomplishdanding mission.

O~ O|~O|~
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In#8: An aircraft is slowing down

In#9: An aircraft isldescending to the runway

o|Oo|o

In#10: Reducing thrust ancreasing a drag
accomplishes slowing down and descending

o

In#11: An aircraft is using flaps, landing gear or
speed brakes

In#12: Landing process include stabilizggproach

In#13: An aircraft stabilizes speed

In#14: Pilot uses deceleration method &awhnique

In#15: An aircraft lands within a given distance

In#16: An aircraft stops within a given distance

In#17: An aircraft performFlare

In#18: Aircraft exits the landing runway

oO|O0|0|0|O0|o|o|o

In#19: Pilot override the autobrake

Table 31: Representation of relationships ofnteraction #2 with other interactions

O
)
c
)
=8

Interaction Interaction

In#3: An aircraft using apecific| In#1: Aircraft flies

shape. In#2: An aircraft is creating pressure difference.

In#4: An aircraft using static and dynamic lift

In#5: An aircraft using the downward thrust

In#6: An aircraft completes defined mission

In#7: An aircraft accomplishdanding mission.

In#8: An aircraft is slowing down

In#9: An aircraft isdescending to the runway

e ==1FNESI=IFNENES

In#10: Reducing thrust dncreasing a drag
accomplishes slowing down and descending

o

In#11: An aircraft is usinflaps, landing gear or
speed brakes

In#12: Landing process include stabilized approac

In#13: An aircraft stabilizes speed

In#14: Pilot uses deceleration method gewhnique

In#15: An aircraft lands within a given distance

In#16: Anaircraft stops within a given distance

In#17: An aircraft performFlare

In#18: Aircraft exits the landing runway

oO|Oo|h~O|O|O|~| O

In#19: Pilot override the autobrake

Table 32: Representation of relationships ofnteraction #3 with other interactions

Table33represents all 19 defined interactions and existing relationsfops better

visualization thedefined relationshipg s i n g n vamalighlightedid green
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In In In In In In In In In In# | In# | In# | In# [ In# | In# | In# | In# | In# | In#
#1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9 | 10 11 12 13 14 15 16 17 18 19

In# | 0 0 0 4 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0

In# | 4 0 0 4 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0

In# | 4 4 0 4 0 4 4 0 0 0 0 0 4 0 0 0 4 0 0

In# | 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0

In# | 4 4 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0

In# | 4 0 0 0 0 0 4 4 4 0 0 0 4 0 4 4 4 0 0

In# | 0 0 0 0 0 0 0 0 4 0 0 0 0 4 0 0 0 0 0

In# | 0 0 4 0 0 0 0 0 4 0 0 0 0 4 0 4 0 4 0

In# | O 0 4 0 0 0 4 0 0 0 0 0 0 4 0 0 0 0 0

In# | 0 0 0 0 0 4 0 4 4 0 0 0 0 0 0 0 0 0 0
10

In# | 0 0 4 0 0 0 4 4 0 0 0 0 0 0 0 4 0 0 4
11

In# | O 0 4 0 0 0 4 0 4 0 0 0 4 4 4 0 4 0 0
12

In# | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 0 0 0
13

In# | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0
14

In# | O 0 0 0 0 0 4 0 0 0 0 0 0 4 0 4 0 0 0
15

In# | O 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 4 4
16

In# | O 0 0 0 0 0 0 0 4 0 0 0 0 0 4 0 0 0 0
17

In# | O 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0
18

In# | O 0 0 0 0 0 0 4 0 0 0 0 0 4 0 0 0 0 0
19

Table 33: Summary of relationships between all interactions

3.32 Identification of dependentinteractions

The purpose of ik step of analysis thad summarized in th&ections3.3.3 and 3.3.4, is
to focus the tagging by key words that will lead to the domain specific requirements that

correlate with the subsystems of the aircraft in order to produce the result of "approach and
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landing". First, this step represents all interaithatarelisted in Table33in ageneral
performance networ{Eigure38). Second, the process identifies independent conflicts in order to
filter unnecessary interactions. This is a repetitive process toward represeoidyion

dependent interactions the performance network. Those interactions suggestavironment

analysisfor the componentand propose the key words for tagging.

The independent conflicts occur in the interactitivas feed others but are not dependent
on any other interactionsor example4 independent conflicts5, 10, 11, 12areshown in
Figure38. Theseindependent conflictarethenremoved to present tiperformance networfor

the next iteration.

~

N\

) <
S/

T e

Figure 38: General performance networkrepresentation
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Figure39represents the updated performance netwwitk a new independent conflict
2 that has appearebh addition, the relevance of In#16 on In#48s checkedin#16i sAn f
aircraft stops wiignbotnatessary thin#iewm |di slteaandc eeco | n#19
overrides he aut obrakeo. In this case, t lkacelednnect
becausehe issuas irrelevant Cancelation of the connecti@mauss newindependenceonflict

19to appear.

Figure 39: Performance networkafter the second iteration

Conflicts 2 and 19have beememovedFigure40 representshe updated performance
network.
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Figure 40: Updated performance network afterthe second iteration

Thenext stegexamineghe connectios of In#3 At aircraft using a specific shape a n d
Int4 A An aircraft usingn#t &tAinc aamaraynamiompll ieft te
mi s s itisfound that h#3 and h#4 do notnecessaly lead to h#. The connectioni#3
and h#4 with In#6 arefoundto beirrelevant andarecanceledA newconflict, ¢6, is found. In

addition,following this, aconflict namec8 appearssee Figure 4.

114




























































