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Abstract

This master thesis has the purpose to analyse and identify smart efficient future
solutions within the Maintenance, Repair and Overhaul (MRO) process for
aircraft. The efficiency solutions, in form of new technologies and tools, should
present a foundation that MRO suppliers can continue to develop to enhance and
streamline their maintenance processes. The project was performed as a case study
at the aerospace and defense company Saab AB in Linköping, where the
company’s MRO process was investigated. Through identifying possibilities and
alternative technologies available today and in the near future, one continues to
have a competitive and future-proof position in the market.

Through an own constructed course of action influenced from established methods,
the thesis’ purpose and aim was attained. The method was based on authentic
approaches for case studies but also inspired by the so-called "Requirement
Engineering". The combination of the methods resulted in a precise focus on the
relevant subjects, together with a clear structure of the requirements on the
technologies to reach a successful implementation. Through a detailed data
collection comprised of study visits, interviews, literature studies, market analyses,
and document reviews, multiple relevant technologies and requirement-lists for
utilization were identified.

To concretize the use and potential improvements with the technologies, the
project had the objective to develop a demonstrator with one of the technologies
presented. The demonstrator should focus on minimizing the use of paper, which
is a common problem among many market actors today. The most promising
technology was considered to be a tablet application with an accommodated
application. The selection of the tablet solution was based on the motivation that
it is a well-established technology and a favorable first step from paperwork.

To conclude this master thesis, a tablet application was developed in Novacura Flow
Studio, where the majority of the identified requirements were fulfilled. Beyond the
demonstrator, an introduction and analysis of technologies, such as AR-glasses, voice
guidance, additive manufacturing, and a digital twin, was presented.
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Sammanfattning

Denna masteruppsats har syftet att analysera och identifiera smarta och framtida
effektiviseringslösningar inom underhållsprocessen för flygplan och helikoptrar.
Effektiviseringslösningarna, i form av användning av nya tekniker och verktyg, ska
presentera en grund som underhållsleverantörer kan fortsätta utveckla för att
förbättra och effektivisera sin underhållsprocess. Examensarbetet utfördes som en
fallstudie hos flyg- och försvarsmaterielföretaget Saab AB i Linköping, där
företagets flygunderhållsprocess undersöktes. Genom att identifiera möjligheter
och alternativa tekniker implementerbara idag samt i framtiden, fortsätter man
hålla en konkurrenskraftig och framtidssäkrad plats på marknaden.

Genom ett eget utformat tillvägagångssätt och en tydligt uppsatt metod, erhölls
en bra möjlighet att uppfylla rapportens syfte och mål. Metoden som fastställdes
baserades på kända tillvägagångssätt för fallstudier, men även inspirerades av en
metod kallad "Requirement Engineering". Kombinationen resulterade i ett bra
fokus på det relevanta området, samt en tydlig struktur på vad som krävdes av
teknikerna för en framtida lyckad implementering. Via detaljerad datainsamling i
form av studiebesök, intervjuer, litteraturstudier, marknadsanalyser och
dokumentgranskning identifierades flertalet relevanta tekniker samt kravlistor för
lyckad implementation.

För att konkretisera användningen och förbättringsmöjligheter med teknikerna,
hade arbetet ett mål att utveckla en demonstrator av en utvald teknik bland de
presenterade. Demonstratorn skulle fokusera på att minska användningen av
papper jämfört med det nuvarande flödet, vilket är en känd utmaning och
utvecklingsmöjlighet många marknadsaktörer fokuserar på. Den mest lovande
tekniken ansågs vara läsplatta med en anpassad applikation, motiverad genom att
vara en väletablerad teknik och ett gynnsamt första steg från papper.

Som slutprodukt av detta examensarbete erhölls en applikation utvecklad i
programmet Novacura Flow Studio, där en majoritet av de identifierade kraven
uppfylls. Utöver demonstratorn presenterades och analyserades flertalet tekniker,
exempelvis AR-glasögon, voice guidance, additiv tillverkning samt digital twin,
som alla har möjligheten att förbättra Saabs underhållsprocess.



iv



v

Acknowledgements

This report marks the end of the education for a master’s degree in mechanical
engineering at Linköping University. The work has been carried out at Saab, at the
department Support Solutions.

Throughout the whole project course, we have received a great deal of support and
assistance. Therefore it would be a wrongful act to not raise our appreciation to the
individuals that contributed to our prosperity.

We would first and foremost like to thank our supervisors at Saab, Josef Ternestål
and Jan Block, but also our manager Leif Johansson, for providing us with
continuous guidance, valuable consultations, and for believing in us to deliver a
good result. Beyond that, we would like to thank you for your caretaking during
our time at Saab. Secondly, we would like to thank our supervisor at the
university, Martin Hochwallner, whose expertise was considered invaluable. Your
continuous feedback and angle of approach enlightened us to think in different
paths.

In addition, we would also like to thank our examiner Mats Björkman and our
opponents Casper Persson and Ludvig Åstrand for the feedback throughout the
project.

Last but not least, a huge thank you to all of the Saab staff that had some sort of
involvement and impact in the project.

Erik Bergkvist & Tommy Sabbagh



Contents
Abstract i

Sammanfattning iii

Acknowledgements v

1 Introduction 1
1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1.1 Statement of the Problem . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.1.2 Business Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.2 Company Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2.1 Saab AB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2.2 Support Solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.3 Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.3.1 Aim . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.3.2 Research Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.4 Delimitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.5 Ethics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2 Method 7
2.1 Research Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.1.1 Case Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.1.2 Requirement Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.1.3 Requirements Abstraction Model . . . . . . . . . . . . . . . . . . . . . . 9
2.1.4 Data Accumulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.2 Course of Action . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.2.1 Step 1 - Current Process Analysis . . . . . . . . . . . . . . . . . . . . . . 12
2.2.2 Step 2 - Literature Study & Market Analysis on MRO Technologies . . . 12
2.2.3 Step 3 - Selection of Technology . . . . . . . . . . . . . . . . . . . . . . . 13
2.2.4 Step 4 - Selection of Requirement Sources . . . . . . . . . . . . . . . . . 13
2.2.5 Step 5 - Elicitation & Documentation . . . . . . . . . . . . . . . . . . . . 14
2.2.6 Step 6 - Analysis & Evaluation . . . . . . . . . . . . . . . . . . . . . . . 14
2.2.7 Step 7 - Realization of Demonstrator . . . . . . . . . . . . . . . . . . . . 15

3 Theoretical Framework 17
3.1 Case Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.2 Aviation MRO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

3.2.1 ICAO/EASA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.3 Industry 4.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

3.3.1 Digital Twin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
3.3.2 Internet of Things . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

3.4 Extended Reality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.4.1 Augmented Reality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.4.2 Virtual Reality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

3.5 Visual Inspection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.5.1 Machine Vision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

4 Current Process Analysis 27
4.1 Saab’s MRO Process Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.2 Breakdown of Phase 3 - Execute Maintenance . . . . . . . . . . . . . . . . . . . . 31

4.2.1 Main Roles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
4.2.2 Maintenance Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . 32



Contents vii

4.3 Generic Requirements on the MRO Process . . . . . . . . . . . . . . . . . . . . . 33
4.3.1 Paperless . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4.3.2 Traceability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4.3.3 Authorization of Tasks . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

5 MRO Technologies 35
5.1 Current Technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

5.1.1 Augmented Reality Glasses . . . . . . . . . . . . . . . . . . . . . . . . . . 36
5.1.2 Augmented Reality Projections . . . . . . . . . . . . . . . . . . . . . . . 38
5.1.3 Virtual Reality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
5.1.4 Tablet Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
5.1.5 Maintenance & Inspection by Voice Guidance . . . . . . . . . . . . . . . 44
5.1.6 Hand-Held 3D Scanning . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

5.2 Future Technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
5.2.1 Digital Twin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
5.2.2 Additive Manufacturing . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
5.2.3 Autonomous Drone Inspection . . . . . . . . . . . . . . . . . . . . . . . . 50
5.2.4 Roof/Hangar Entrance Scanning . . . . . . . . . . . . . . . . . . . . . . . 52

5.3 Selection of Technology as a Demonstrator . . . . . . . . . . . . . . . . . . . . . . 53

6 Requirement Elicitation & Analysis 55
6.1 Selection of Requirement Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
6.2 Documentation Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
6.3 Paperless . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
6.4 Traceability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
6.5 Authorization of Tasks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

7 Developing Demonstrator 61
7.1 Novacura Flow Studio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
7.2 Concept Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
7.3 End Result . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

7.3.1 Story-boarding of the Demonstrator Application . . . . . . . . . . . . . . 64
7.3.2 Technical Advantages of the Demonstrator Application . . . . . . . . . . 66

8 Discussion 69
8.1 MRO Technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

8.1.1 Current Technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
8.1.2 Future Technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

8.2 Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
8.3 Demonstrator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

9 Conclusion 75
9.1 Research Question 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
9.2 Research Question 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
9.3 Further Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

References 79

Appendix 85

A Data Collection 86

B Requirement-lists 93

C Novacura Flow Studio Key Elements 97

D Novacura Flow Studio Demonstrator Workflow 99



List of Figures

1.1 Helicopter maintenance operation . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.1 Course of action . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

3.1 Hardware devices fitting for Augmented Reality (AR) . . . . . . . . . . . . . . . 22

4.1 Overview of current MRO process . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
4.2 Process flow of phase 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
4.3 Process flow of phase 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.4 Process flow of phase 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
4.5 Process flow of phase 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

5.1 AR Glasses concept for maintenance task execution . . . . . . . . . . . . . . . . . 36
5.2 AR projected work instructions example . . . . . . . . . . . . . . . . . . . . . . . 38
5.3 Tablet application for maintenance task execution . . . . . . . . . . . . . . . . . . 41
5.4 Voice guidance for maintenance task execution . . . . . . . . . . . . . . . . . . . 44
5.5 Illustration of hand-held 3D scanning . . . . . . . . . . . . . . . . . . . . . . . . . 45
5.6 Illustration of a digital twin of an aircraft . . . . . . . . . . . . . . . . . . . . . . 48
5.7 Illustration of autonomous drone inspection of an aircraft . . . . . . . . . . . . . 50
5.8 Illustration of entrance scanning inspection of an aircraft . . . . . . . . . . . . . . 52

7.1 Workflow concept . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
7.2 Story-boarding of application steps 1,2 and 3 . . . . . . . . . . . . . . . . . . . . 64
7.3 Story-boarding of application step 4 and 5 . . . . . . . . . . . . . . . . . . . . . . 65
7.4 Story-boarding of sub-tasks 1 and 2 . . . . . . . . . . . . . . . . . . . . . . . . . . 65
7.5 Story-boarding of sub-task 3 and 4 . . . . . . . . . . . . . . . . . . . . . . . . . . 66
7.6 Transformation from old system to new . . . . . . . . . . . . . . . . . . . . . . . 66

C.1 Workflow Element - User Step . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
C.2 Workflow Element - Machine Step . . . . . . . . . . . . . . . . . . . . . . . . . . 98
C.3 Workflow Element - User Step . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

D.1 Workflow concept . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100



List of Tables

5.1 Pros and cons with AR process guidance . . . . . . . . . . . . . . . . . . . . . . . 37
5.2 Pros and cons with AR remote guidance . . . . . . . . . . . . . . . . . . . . . . . 38
5.3 Pros and cons with AR projected instructions . . . . . . . . . . . . . . . . . . . . 39
5.4 Pros and cons with virtual inspection . . . . . . . . . . . . . . . . . . . . . . . . . 40
5.5 Pros and cons with VR technician training . . . . . . . . . . . . . . . . . . . . . . 41
5.6 Pros and cons with Novacura . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
5.7 Pros and cons with MRX-System . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
5.8 Pros and cons with maintenance by voice . . . . . . . . . . . . . . . . . . . . . . 45
5.9 Pros and cons with hand-held 3D scanning . . . . . . . . . . . . . . . . . . . . . . 46
5.10 Pros and cons with digital twins . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
5.11 Pros and cons with additive manufacturing . . . . . . . . . . . . . . . . . . . . . 49
5.12 Pros and cons with drone inspections . . . . . . . . . . . . . . . . . . . . . . . . . 51
5.13 Pros and cons with roof/entrance scanning . . . . . . . . . . . . . . . . . . . . . . 53

6.1 Requirement-list regarding user-friendly software/hardware attributes . . . . . . 57
6.2 Requirement-list on data handling during maintenance operations . . . . . . . . . 57
6.3 Requirement-list on the preparatory work and system interfaces . . . . . . . . . . 58
6.4 Requirement-list on data logging for traceability . . . . . . . . . . . . . . . . . . . 58
6.5 Requirement-list on validation signatures of work tasks . . . . . . . . . . . . . . . 59
6.6 Requirement-list on the communication possibilities between personnel . . . . . . 59

9.1 Summary of the current and future technologies . . . . . . . . . . . . . . . . . . . 76



Abbreviations

AM Additive Manufacturing - Production technique which joins material to form desired
shape

AMO Aircraft Maintenance Operator - A technician/mechanic who performs all types of
maintenance operations on the aircraft

AR Augmented Reality - A technology which enhances the real-world environment through
computer generated information

CAD Computer Aided Design - Computer programs which allow designer to create, modify,
analyse and optimize products

CAMO Continuing Airworthiness Management Organization - Aviation organization that
schedules maintenance operations and control airworthiness

DT Digital Twin - Computer model which mirrors a real product/system and its
environment

EASA European Union Aviation Safety Agency - European agency which operates with safety
strategy regarding the aviation industry

ERP Enterprise Resource Planning - Enterprise computer system that provides information
management

ICAO International Civil Aviation Organisation - Organisation which set standards and
procedures to follow to increase aviation safety in a global perspective

IoT Internet of Things - Network of physical objects, which are connected to each other and
share information

MR Mixed Reality - Hybrid of a real and virtual environment where physical and virtual
objects can interact

MRO Maintenance, Repair and Overhaul - Activity that either keep or restore a unit to its
working condition

RE Requirement Engineering - Systematic approach to identify and manage system
requirements

RQ Research Questions - The stated research questions that should be answered to fulfill the
aim of the master thesis.

OEM Original Equipment Manufacturer - Company that produces equipment and components
which later could be used by other companies

VR Virtual Reality - A completely immersed simulated environment which can represent a
similar real world location or a fully virtual one

RAM Requirement Abstraction Model - Method when defining requirements to acquire a
comprehensive result







1 Introduction

The first chapter of this thesis presents the project background, problem statement,
description of the company, the aim of the study, and its delimitations to give the
reader a broad overview of the project.

1.1 Background

All types of machinery, equipment, and devices (e.g. aircraft) are exposed to the
surrounding environment and its stresses. Over time, sooner or later, the unit will
be in a state where its function will be critically affected and in need of external
support and services. This is where the demand for maintenance comes in, to retain
or restore the unit to a working state where it fulfills its purpose [74]. When looking
into aviation, maintenance is one of the most critical parts of an aircraft’s life cycle.
Aircraft maintenance is often a time-consuming, an expensive and complex subject
which requires a well developed and optimized process [68]. With high risks and
devastating consequences due to failures within aircraft systems, the maintenance
area is highly regulated by international standards and national regulations [16].
This subsequently creates strict requirements on the maintenance providers and
their processes.

The term Maintenance, Repair and Overhaul (MRO), originated early from the
United States Department of Defense, and at a later stage evolved to a standard
global term among industries. MRO embraces a set of operations and activities
associated with replacements, modifications, tests, etc. to either enhance, restore or
from a proactive perspective prevent future defects that could emerge. To describe
MRO more specifically, it can be split into three types of maintenance operations
[71]:

1. Preventive maintenance:
Preventive maintenance comprises work tasks that should be made on regular
basis, to keep machines and components functional and thereby increase the
product life-time.

2. Corrective maintenance:
Corrective maintenance corresponds to all maintenance operations and
activities that occur after a defect has emerged.
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3. Predictive maintenance:
Predictive maintenance is work tasks created based on empirical data, and the
objective is to avoid unforeseeable events.

The goal of aviation Maintenance, Repair and Overhaul (MRO) is to make sure the
aircraft’s airworthiness is well continued throughout its life span [54]. The main
actors in an aircraft’s MRO process are the customer, the Continuing Airworthiness
Management Organization (CAMO) and the MRO provider. The customer is the
user of the aircraft and wants a high availability. CAMO is the organization that
organizes and control all activities of maintenance for an aircraft, to make sure
all regulations and strict standards are fulfilled [24]. Lastly, the MRO provider is
the organization that schedules, defines tasks, and executes all maintenance on the
aircraft.

1.1.1 Statement of the Problem

Aircraft maintenance today is often performed in a traditional fashion through
non-digitalized work packages, including maintenance orders, task cards and
material lists. This leads to long and inefficient maintenance processes, which
affects many actors in the aviation sector with a low availability. Furthermore,
with the consequence of an expected growth among aircraft fleets and new
generation aircraft, comes the need of a modernized maintenance support [52].

This demands MRO providers to recruit knowledgeable and educated staff in
combination with utilizing supporting tools to unburden the maintenance process
flow. Further, aircraft maintenance needs to become more technically advanced to
address the needs of the market. By implementing smart future solutions, a high
efficient, competitive and more robust process could be acquired. This would
increase customer aircraft availability, and consequently allow customers to cut
down on their aircraft fleets and benefit economically.

1.1.2 Business Case

To keep expanding in the aviation maintenance sector and enhance their position on
the MRO market, Saab has created a business case which this master thesis is a part
off. Saab’s vision is divided into one short-term goal and one long-term goal. The
short-term manages the implementation of a new technology or tool, which should
improve the workflow and work procedures in the maintenance execution by making
it paperless. The short-term goal is based on following characteristics:

• Sustainability

• Standardized work procedures

• Digitalization
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• Easier implementation of new technologies

The long-term goal aims towards acknowledging the emerging technologies in the
company’s culture. Through an early presentation of possible technologies and
innovations, Saab will initiate a new-thinking mindset throughout the
organisation. The long-term goal is based on following characteristics:

• Prepare for upcoming technological innovations

• Research & development

• Establish a "future thinking" mindset

1.2 Company Description

Description of the concerned company and the department associated with this
thesis.

1.2.1 Saab AB

Saab, earlier known as Svenska Aeroplan Aktiebolag, was established in 1937 with
the purpose to strengthen the Swedish military industry. Throughout the years,
Saab has maintained their main focus, namely the aviation industry, but have had
involvements in different areas such as the car industry.

Today, Saab has approximately 17000 employees across the world and operates in
more than 100 countries. The company’s main purpose is to provide the global
market with world-class services, products, and solutions within the sectors of
military defense and civilian security. Since offering a wide range of products,
services and solutions, Saab’s organisation is divided into six business areas,
namely Aeronautics, Dynamics, Support & Services, Industrial Products &
Services, Surveillance and lastly Kockums. [5]

1.2.2 Support Solutions

This project is associated with the department called Support Solutions under the
Support & Services branch. Support Solutions is specialized in customer defined
maintenance-, modification-, design- and support solutions for civil and military
aircraft. The departments main knowledge and resource areas are CAMO, aircraft
maintenance and modification, component MRO and life-cycle management with a
big variation in offered services. The department is active in Linköping, Nyköping,
Ljungbyhed, Östersund and Stavanger. [4]
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Differences in types of aircraft, complexity of maintenance, workshop layouts, access
to production documentation and aging technologies makes Saab’s case quite unique.
This puts pressure on the company to have a flexible, modular and high quality
maintenance process. In Figure 1.1, an example of a maintenance operation on a
S-92 helicopter is shown.

Figure 1.1: Maintenance operation of helicopter S-92 performed by Saab in
Stavanger (Saab Marketing Portal, Copyright Saab AB)

1.3 Purpose

Based on Saab’s business case, this master thesis’ purpose is to define a foundation
for Saab to continue on when striving for the ”hangar of the future”. In other
words how Saab can make their Maintenance, Repair and Overhaul (MRO) process
more effective. The thesis shall present multiple alternatives on technologies, that
could streamline and future-proof Saab’s current MRO process in a competitive
way. The technologies presented shall be focused toward utilization in the hangar,
with the objective to enhance the maintenance execution performed by the Aircraft
Maintenance Operator (AMO). Namely, tools or systems which should decrease
required time and assist the operators’ work procedures. These new maintenance
technologies is required to be applicable to both airplane and helicopters, as well as
to civilian and military customers.
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1.3.1 Aim

By investigating both current technologies, applicable within a five year time span,
and future technologies, applicable in five or more years, an overview of relevant
respectively interesting solutions will be presented.

Furthermore, based on the technologies presented, the thesis will focus on one
potential technology that should be further realized into a demonstrator. The
demonstrator should present how the technology could be utilized in Saab’s MRO
process. More specifically, the demonstrator should be based on requirements
defined through a process analysis, aiming to enhance Saab’s maintenance
execution phase by making it paperless. To clarify, the demonstrator will be based
on the authors set of requirements and developed through assistance from an
external company with expertise within this field.

1.3.2 Research Questions

To attain the aim, two Research Questions (RQ) were raised to be answered:

RQ1: What current and future technologies could enhance the
maintenance execution in Saab’s MRO process?

RQ2: What requirements must be set on the chosen technology as a
demonstrator to allow implementation, and that could make it
more efficient compared to the current paper-solution?

1.4 Delimitations

Distinct delimitations had to be considered in order to fulfill the project in the given
time-frame. The first delimitation concerned software- and hardware development
of new technologies and tools. It was decided that the project should only deal
with existing technologies regarding the realization of the demonstrator, namely no
own core development were to be made. Secondly, the streamlining of the process
flow was only focused on maintenance planning and execution. Thus, no in-depth
investigation was made on the pilot logging, supply chain, and CAMO, but general
knowledge in these subjects was gained. Beyond that, the technology utilized in
the demonstrator should be compatible with Saab’s Enterprise Resource Planning
(ERP) software. It is also important to mention that not all generic requirements
will be raised when conducting the system analysis. The same approach will also
be considered when raising all the future and current technologies, since the project
scope is restricted.
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1.5 Ethics

Saab operates in the military industry and therefore holds more responsibilities
compared to other companies. By developing advanced solutions and systems, the
vision on increasing the society’s security is maintained. Since the inception of
Saabs’ foundation, the sight has been the same, to protect the human right to feel
safe.

The project focuses to bring up both sustaining and disruptive technologies that
could enhance the current MRO process. The current technologies’ purpose
focuses to ease the workload among coworkers operating in workshops. The
workload should decrease by implementing of smarter work procedures and thus
affect the time-efficiency positively. For clarification, these upcoming introduced
current technologies should not have the intention to replace current human
workers. But instead, furnish the current work procedures. On the contrary, future
technologies introduced may indirectly influence future human work opportunities
negatively, but at the same time enables new opportunities within
MRO-workshops. An outcome where a shift emerges from physical work to more
knowledge-based work. Consequently, this affects the ergonomic aspect positively,
likewise the efficiency in the company.



2 Method

This method chapter presents the framework and procedures that have been followed
through this master thesis study. The chapter starts with the research approach and
theory about applied methodologies, to thereafter present the course of action and
the details of each activity.

2.1 Research Approach

Researching is a way of creating knowledge and discovering new approaches to a
specific subject or system. Essentially, all humans are researchers and have always
tried to explore and learn about the surrounding environment. When studying a
system, process, or discipline, it is crucial to avoid incorrect observations. Often
one can rush to simplified assumptions, miss important details, and fail to recognize
variables, hence fundamental procedures and frameworks should be applied in order
to avoid errors when executing researches [11]. For this master thesis, the purpose
and aim covered a broad subject (aviation MRO), thus it was of high importance
to conduct a descriptive and easy-to-follow research approach.

Early in the project, it was decided that the master thesis should be a qualitative
study and not of the quantitative kind. Studies based upon a quantitative method
focuses on the collection and analysis of statistical data to test and define
mathematical models, theories and hypotheses [1]. A quantitative study often has
a broader scope, an objective approach, and through highly structured
measurements end up with an exact numerical generalized result [63]. Qualitative,
on the other hand, relies on data from interviews, observations and documents [72].
A qualitative approach is often more narrowly focused on one specific case where
high quality and non-numerical data is key. Less structured observations and
interviews give the researcher a deeper insight into the particular case studied, but
results in a less generalized conclusion [63]. The qualitative method was considered
the best option for conducting this master thesis since it would give the authors a
deeper insight into the specific process at the company. The numerical data gained
from a quantitative approach would be of no use in this particular project. Using
the qualitative method instead, through making observations and interviews,
would give eminent data to base the new solutions on. To set the scene for a
successful project, and be able to reach the aim, it was decided that a case study
should be conducted in combination with the requirement engineering process.
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2.1.1 Case Study

For this master thesis, a case study was found suitable for studying the Maintenance,
Repair, and Overhaul (MRO) process at Saab. Since Saab’s MRO process is unique
compared to other companies active on the market, a case study was assumed to be
a great tool to give insight and well-founded knowledge. The information gathered
from the case study was believed to become of great use, when defining the list of
requirements, especially since a case study is richly descriptive considering the varied
but relevant sources of information [11]. This would allow the authors to come in
contact with possible users of the presented technologies, and make complex process
segments easier to understand since key participants are involved and questioned.
It was understood that the conclusions drawn from the case study were to be based
on the investigated process at Saab. Therefore, the outcome and result of the case
study may be different if a similar approach is applied to other MRO processes.

2.1.2 Requirement Engineering

Requirement Engineering (RE) is a systematic process tool that could be utilized
when trying to define and connect various sectors of a project. The system
framework allows the user to recognize relevant stakeholders of the project and in
further stages work close to them. Subsequently, this permits the requirement
engineer to elicit and document relevant expectations of diverse stakeholders, and
to thereafter reach reasonable requirements on the system. As described,
stakeholders are of huge interest when it comes to the RE systematic process, they
are the individuals that possess direct/indirect influence on the upcoming
requirements set of the system. The steps involved in a RE systematic process are
shown below. [66]

1. Elicitation
Elicitation of requirements is the first step of RE. In this stage, the process
involves information retrieval that serves as a basis for the upcoming
requirements [61]. There are four different elicitation techniques one could
utilize to retrieve information from stakeholders, those are creativity
techniques, observation techniques, survey techniques, and lastly,
document-centric techniques [66].
To achieve an appropriate elicitation, it is crucial to conduct a thoroughly due
diligence upon the whole system. [61]

2. Documentation
The second step in RE deals with the documentation of the information
accumulated from the elicitation phase. The documentation step helps to
structure all the information retrieved and to utilize it in the most optimum
way. Beyond that, this allows high availability of the documentation for all
relevant stakeholders. [66]

3. Validation and Consolidation
After the documentation of the requirements, the validation and consolidation
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process occurs. Here, faulty requirements are screened out, and contradictory
perceptions that could cause conflicts are solved. [66]

4. Requirements Management
Lastly, management of the requirements is done. In this step, one deals with
how the requirements are stored and accessed. To ease changes, revisions,
traceability and re-usage, it is necessary to have a understandable structure.
[66]

The authors considered RE methodology as a suitable course of action to overcome
the aim. RE sets an appropriate foundation for the demonstrator where it
addresses insights on relevant stakeholders and their demands. This further assists
the researchers to end up with distinct requirements.

2.1.3 Requirements Abstraction Model

Requirement Abstraction Model (RAM) is a method which allows you as a user
to manage a quantitative of requirements in a structural way. RAM consist of
four different abstraction levels, product level, feature level, functional level, and
lastly, component level. By placing the requirements in their accommodated level,
a structured and comprehensive approach is possible. [61]

2.1.4 Data Accumulation

The elicitation of the information gathered occurred primarily through the survey
technique presented in Requirement Engineering (RE). The most traditional
retrieving tool in the survey technique is interviewing. Interviews could occur in
various forms depending on the particular aim of the outcome of the requirements
[66]. There are three types of interview formats, structured, unstructured, and
semi-structured. The structured interview format is based on asking
predetermined questions, and on the contrary, unstructured interviewing is based
on asking undetermined questions, namely spontaneously arising questions [51].
But the authors have chosen and considered semi-structured interviews as the
most appropriate interview format. The uniqueness behind a semi-structured
interview is that it allows the researcher to ask the main questions, and depending
on the given answer, additional questions that arise could be proposed. [43]

The secondary survey technique employed during visits was observation techniques.
Experience has shown that stakeholders may possess knowledgeable information of
the system, but sometimes have difficulties to orally express themselves. By utilizing
the observation technique, the researcher observes the practical steps an operator
makes during his work procedures and in parallel document. Lastly, an analysis
of the steps is executed, and in such way valuable data is collected. In general,
observation techniques are well-known tools to use when the stakeholder is short in
time and thus provide basic factors through the practical work process. [66]
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There are different observation tools involved in an observation technique, but the
authors chose to employ the field observation tool. The importance when conducting
a field observation is to get familiar with the stakeholder facility in advance. This
allows you as a researcher to capture relevant portions involved of a stakeholder
working steps, and further ease the understanding of the work in retrospect. When
a comprehensive view has been obtained, an observation on the stakeholder’s all
activities is written down, including unconscious tasks made during the work step
and temporal dependencies. [66]

2.2 Course of Action

When the research approach was defined, an execution plan could be set up. The
course of action was based on the case study approach combined with the systematic
process of requirement engineering (RE). A case study would put the right process
in focus and give the researchers deep insight, while the requirement engineering
would ease requirement specification through close interaction with stakeholders.
By combining these two methodologies, a well-planned foundation to follow was
created which would lead towards achieving the aim. The sequence of procedures
for the master thesis followed:

1. Current process analysis

2. Literature study and market analysis on suitable technologies

3. Selection of best suited technology

4. Selection of requirement sources

5. Elicitation and documentation

6. Analysis and evaluation of requirements

7. Realization of demonstrator

By following the presented course of action, the aim and formulated research
questions (RQ:s) would be dealt with. Throughout the first and second step, the
current process would be analysed and new applicable technologies would be
presented, which should allow answering RQ1. Further on, steps four, five and six,
would specify the requirements based on the most promising technology. This
would lead to the possibility to answer RQ2. Lastly, by completing the whole
procedure, alternative technologies would be known and a demonstrator would be
created.

A process flow of the course of action is presented in Figure 2.1. Which actions
each step includes can be interpreted from the figure. Upcoming subsections gives
an in-depth view of each step.
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Figure 2.1: The course of action defined to be followed during the master thesis
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2.2.1 Step 1 - Current Process Analysis

A process analysis was conducted in the initiation phase of the project. The common
purpose of a process analysis is to rigorously scan over the cores of the statement of
the problem, and retrieve profound knowledge within the concerned subject. Actions
such as study visits on facilities, observations on process flows and asking questions
is a way to get familiar with the company and knowledge on the particular searched
problem [37]. These actions should prepare you as a researcher to set delimitations
on the project as well as develop reasonable research questions that should serve
as the basis of the whole report. Furthermore, one key deliverable of the process
analysis is that generic requirements are retrieved and documented to further taken
into consideration throughout the project. Generic requirements could be everything
from regulatory restrictions to internal working methods within the company.

This approach permits the authors at an early stage to obtain broad information
and facts about the subject. Subsequently, this enables them to apply it and break
it down into the concerned company’s problem statement.

2.2.2 Step 2 - Literature Study & Market Analysis on MRO
Technologies

By carrying out a literature study on aviation Maintenance, Repair and Overhaul
(MRO), one gets a deeper insight about different available technologies, both on
current and future ones. When performing literature studies, it is important to
ensure that the relevant information is reached, for example status among
competitors and other recent executed researches. Therefore, following a sequence
of procedures as support when conducting the study often leads to a better
outcome.

The literature investigation should commence with defining relevant key-words
related to the project aim. The purpose behind the terms is to ease up the course
of action when exploring databases and would streamline the whole process.
Key-words that could be used related to the research questions are presented
below:

• Aviation MRO • MRO 4.0 • Industry 4.0

• Smart Maintenance • New MRO Solutions • Paperless Maintenance

Following to the definition of key-words, focus should shift to deciding the
literature study’s scope to keep it within reasonable limits. Thereafter, which
relevant and reliable databases to abide by should be assigned, for instance Google
scholar, Diva, or native libraries. Choosing databases which are considered
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sufficient both from an accessibility perspective and as an extraction of
information perspective are important.

To take the literature study to the next level, a market analysis on suppliers with
different niches should be conducted. The strategy execution plan consisted of a
prioritization list where domestic suppliers are of primary interest and abroad
suppliers thereafter. The reason behind such action depends on the restricted
mobility due to COVID-19. Through conducting literature study and market
analysis, multiple relevant MRO technologies should be found. The technologies
and their respective suppliers should, later on, be used throughout the project
when investigating on how the company can develop their process, and realizing a
demonstrator.

2.2.3 Step 3 - Selection of Technology

By establishing an analytical framework on the evaluated technologies and
suppliers, a selection of technology can be utilized. Primarily, selecting a
technology to continue developing should be based on how possible realizing a
demonstrator is within the set time-span. Secondarily, whether the technology
meets the demand of the generic requirements, one should discuss and evaluate
closely with the related stakeholders to end up with the best option.

2.2.4 Step 4 - Selection of Requirement Sources

To save time and resources when eliciting requirements, it is necessary to carefully
decide which stakeholders should be involved in the study. One can identify the most
relevant stakeholders through investigating the defined research focus, its research
questions, conducted literature studies, and executed study visits. The sources of
requirements could be utilized through observation-, survey- and document-centric
techniques. [66]

Commonly when performing case studies within the aircraft sector, especially within
the military sector, one encounters strict and regulated work procedures. Since
all suppliers within the business area must relate to these directives, the agencies
behind the regulations could be seen as a highly suitable stakeholder when trying
to enhance a MRO process. Therefore, the directives could become very relevant
when documenting requirements. Often, international agencies have a great form of
documentation regarding definitions of their regulations. Thus a document-centric
technique is often used when structuring the requirements based on them.

When investigating opportunities of implementation of new techniques, within a
given industrial environment, influence from technicians, managers, and planning is
a valuable information source. When presenting a new technology developed for a
MRO process, the end-users of the technology are the ones working in the hangar.
Therefore, internal interviews with employees covering all roles in the maintenance
process could provide valuable insights and requirements.
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2.2.5 Step 5 - Elicitation & Documentation

When performing data retrieval from stakeholders, survey techniques are
commonly preferable and more specifically, interviewing. In this way, the
researcher obtains its specific wishes and needs [66]. There exist various kinds of
interviewing techniques, but semi-structured interviews seemed the most
advantageous. In some cases, survey techniques are not usable, and thus
observation techniques were considered to be utilized, namely field observation.
Traceability and availability of relevant data in retrospect were considered crucial,
hence documentation of information was performed during activities such as study
visits, interviews, etc.

The motivation behind the chosen interview format was based on the level of
flexibility that semi-structured interviews possess. The depth of the questions
becomes much more profound when executing a semi-structured interview form,
and the risk of missing out on crucial information decreases substantially
compared with structured/unstructured interviews. In this way, the level of
freedom was high, and at the same time, valid information was obtained. Beyond
conducting interviews, the authors chose to employ the observation technique.

To structure a requirement-lists in a comprehensive way, a self-developed version
based on RAM was considered. The version is a three-leveled approach, where the
first level corresponds to a ”generic requirement”, the second to a ”main
requirement”, and lastly the third corresponds to multiple ”sub-requirements”. The
generic requirement should display the concerned topic, the main requirements
should focus on the specific spectrum of the topic and the sub-requirements
corresponds to a more detailed level of the main requirements.

2.2.6 Step 6 - Analysis & Evaluation

By running a consistent and recurring analysis on the elicited requirements, the
most valid requirements could be attained [66]. Through analysis and validation
together with stakeholders and supervisors during the study, researchers can reject
and remove irrelevant requirements that could lead to a misleading result. Therefore,
validation should be performed through all stages of the requirement engineering
(RE) process in order to detect errors and incorrect requirements as early as possible
[66]. By always questioning the requirements discovered, both during elicitation and
documentation, more trustworthy and correct results are acquired.

After an executed elicitation and analysis, the information acquired should be
consolidated between the researchers to avoid misunderstanding and disagreement
[66]. All involved parties need to agree on the defined requirements to prevent
future conflicts. Lastly in the analysis and validation process, the researchers
should ask themselves if the gathered requirements are enough to continue. If not,
one should loop the elicitation process again until enough clarified information has
been acquired [66]. This should be performed in order achieve the optimal result
that matches well with the aim and objective of the study. Requirements
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considered to be unrelated should be rejected before locking in the final verdict.
These decisions should be taken in an agreement between all parties, specifically
the stakeholders and the researchers themselves, so the desired outcome is reached.

To reach the goal with this master thesis, analysis and validation had to be
executed to make sure the most reasonable requirements were obtained.
Continuous discussions with stakeholders and supervisors would make sure all
parties were on the same page and got their wishes and needs noticed. Especially,
since this would allow a clear answer to research question two (RQ2). The
motivation behind the questioning on requirements was to acquire deeper insight
on why the requirement existed. This would give better results since it would not
just translate the problem to another platform or technology. This process would
also make the realization of a demonstrator easier since it presents stakeholder
demands.

2.2.7 Step 7 - Realization of Demonstrator

When the preparatory work is set, namely technology selection, supplier and
requirements, the initiation of realizing the demonstrator should commence. The
realization of a demonstrator could either become developed straight from the
supplier with requirements adaptations provided by the researchers, alternatively
the researchers could develop a demonstrator with the assistance of a helping
environment provided by an external company.

When realizing a demonstrator, especially using a new software within a complex
process, it is of high importance to define distinct scope limits. By constraining
the process and starting with a small-scale, one can acquire a more well-developed
demonstrator that later on can be expanded to include a wider aspect and more
process steps. Research projects executed within a tight time-frame could often
benefit from this method since it leads to a concrete result that can be further
developed more easily compared to a widespread demonstrator with no defined end-
result to it. With the help of well-known flow charts of the process, boundaries can
easily present what steps the demonstrator should cover. These charts can later be
broken down and specified even more to give an insight into what the demonstrator
should include and how it should look like.
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3 Theoretical Framework

The third chapter covers the theory which has been utilized throughout the project
and is presented in this report. The theory presented was used as support when
answering the research questions as well as when performing the current process
analysis and literature study. Initially, the chapter presents what a case study is
and a more profound description of the subject aviation MRO. Thence, technologies
that have been examined and processed throughout the project’s execution.

3.1 Case Study

One of the most commonly conducted frameworks is a so-called ”case study”. Case
studies are often seen as a type of qualitative research and have a descriptive and
intense analysis of a defined specific system, where the researchers gain insight of
involved participants and processes [11]. Case studies do not have to be of qualitative
structure, however, the qualitative methods are the primary approach [12]. When
conducting a case study, one does an empirical investigation of a current arrangement
within a natural context, by utilizing various sources of information [37]. A common
approach and sequence of procedures in a case study research are [11]:

1. Setting the stage

2. Selecting a design

3. Gathering information

4. Summarize and analyse information

5. Report and confirm findings

By following the sequence of procedures, one acquires a deep understanding of the
investigated process which is well-defined and scoped out. This keeps one from
divagating from the aim of the research. All information obtained through various
data acquisitions is analysed and reported to close up the investigation.
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3.2 Aviation MRO

According to EFNMS [65], Maintenance, Repair and Overhaul (MRO) could be
defined as:

"All actions that have the objective of retaining or restoring an item in or to a
state in which it can perform its required function. The actions include the
combination of all technical and corresponding administrative, managerial, and
supervision action"

To assure safety among customers, strict directives defined by airworthiness
organisations has been set. Hence, in the aviation industry, the Maintenance,
Repair and Overhaul (MRO) comprises as a complex work process that
corresponds immense financial spent by companies involved in this sector [20].
This complex process involves among others, all activities and operations
associated with replacements, modifications and restoration of equipment’s,
systems or machines to an achievable state. These activities and operations occur
as a consequence of either planned maintenance orders or unplanned [40]. More
specifically, Maintenance operations could be split into three kinds of maintenance
operations, preventive maintenance, corrective maintenance and predictive
maintenance, read more about each operation in Section 1.1 [71]. As a
consequence of the high variability of different operations and activities that
involves to each unique case in the MRO process, the industry is seen as one of the
complex processes in modern industry [40].

3.2.1 ICAO/EASA

The Chicago convention, which laid the foundation of International Civil Aviation
Organisation (ICAO), occurred during 1944 where 52 of 55 states had signed. The
convention took place as a consequence of the advancement of the aeronautical
development during the second world war. Today, ICAO consist of 193 countries
where consensus among 12000 international standards has been agreed on. [53]

The function behind ICAO is, among others, to set standards and procedures to
enhance the global air navigation, but also to support the diplomatic interactions
between the Members States and development of new air transport policies and
standards [53]. In addition, this should contribute to a flight safety and ease between
land crossing.

European Union Aviation Safety Agency (EASA) is an agency that is part of the
European Union, and are thus ruled by the European public law. EASA operates as
the essence of European Union’s strategy for safety among aviation. EASA’s mission
is to promote and set rules in the European region related to safety standards
and environmental protection in the aviation industry. Beyond that, the agency
operates as a controller among the member states, where they through inspections
could assure the implementations of the new standards has been observed. EASA
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also work close to the national authorities in the member states and provides them
expertise within the field of the aviation industry, such as training and research. [7]

3.3 Industry 4.0

Resource exploitation has increased substantially since the 1900 and the trend seems
to continue heading towards 2030 [6]. An escalation in the same trend may lead to
an intensified competitiveness between countries, and consequently an jeopardise of
crucial resources that would aggravate the already endangered environment. This
has put pressure on industry’s to adapt in order to increase their efficiency and thus
become competitive in the business.

The progress in the industry-sector in form of paradigm-shifts has taken place
three times before the Fourth Industrial Revolution. These revolutions are unique
at their core, by utilizing the most front-edged technologies during their time, but
simultaneously, these revolutions has been laying the foundation for the next
arrival. The Paradigm-shifts has involved primarily new power sources such as
advancing from steam power to electricity, but also changing from analogue inputs
to digital. Despite of involving different technologies and methods when comparing
the revolutions to each other, the objective has been the same, to increase the
ability to produce at a higher pace, and industry 4.0 is not an exception. Cyber
Physical Systems and Digital Twin (DT) are two front-edged technologies often
mentioned when talking about Industry 4.0 [39]. The new era of computing
technology where the system is inter-connected, will have it centre-piece in the
phenomena Internet of Things (IoT) [34].

3.3.1 Digital Twin

The concept of ”twins” originated as a consequence of the two built identical space
products that were involved in the NASA Apollo program. The reason for
constructing two identical products was to launch one into space, and the other
one stayed in the hands of the engineers at Earth to allow them to track and
mirror the implications of activities that influenced the product in space.

The term Digital Twin (DT) was proposed as early as 2003 from Grieves [26].
Since then, the concept has emerged in several dimensions, and the concept
definition varies due to the broad range of interpretations. According to IfM [55]
DT is describes as:

"A digital twin is a computer model which mirrors and simulates an asset or a
system of assets and their surrounding environment. Digital twin models can help
organise data and pull it into interoperable formats so that it can be used to optimise
infrastructure use"

The main functionality is still the same, regardless of interpretation, and that is,
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through simulation manipulate a replica of the physical product. By injecting as
much relevant data and attributes in the digitalized replica, information retrieval of
the physical assets occurs, and thus, prediction of an asset’s lifetime through real-
time information is enabled [39]. Models, Data, Connections and lastly Services are
the centre-pieces of a DT [26]:

1. Models
Each physical object should have a digital representation that corresponds to
a model of the system. By representing the model in a computer system, the
initiation of the "twin" concept is settled. By utilizing simulation which is
aided by sensors, information systems, and humans, the model has evolved to
a "Digital Twin". In this way, the physical world exposure is recorded and
retrieved into the digital representation.

2. Data
Data, and more specifically big data, is one of the cores behind a DT. To
provide intelligence to the system, big data has to be injected based on both
the virtual world, as well as the physical world. Consequently, this allows the
DT to work continuously.

3. Connections
To achieve a fully operating DT, the inter-connection characterisation is
crucial. This allows the information exchange within the system itself, and
between the digital system and the physical.

4. Services
To use the DT in a commercial way, standard services is favourable. This
would allow the interface between human and the DT to become much more
user-friendly and thus much more convenient and robust from a individual
perspective to use the functionalities of the DT.

3.3.2 Internet of Things

The term Internet of Things (IoT) could be traced back to the 1999, where the
British pioneer Kevin Ashton envisoned the internet being connected to the physical
world through sensors [36]. Since then, IoT has progressively evolved, and the
amount of IoT connected devices in 2014 was appreciated to 16 billions [23]. The
fundamental element behind IoT is to inter-connect the physical world with the
digital, by connecting all products with help of electronic devices, such as sensors,
computers, etc [23, 59].

The evolving subjects of IoT, automation and digitalization has been the spark
behind the emerging of Industry 4.0. The capabilities of the embedded systems
enables communication, sensing and decision-making based on real-time data
collection, and IoT have thus a decisively role in the way these system is
inter-connected with each other. Consequently, IoT provides multiple advantages
that would strengthened the industries competitiveness, by for instance enable
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advanced application that would be beneficiary from a economical point of view,
as well as personal [28]. Beyond that, there is some risk with the technology.
According to the Shodan developer, John Matherly, companies within development
of devices does value the security question, and thus expose peoples and companies
integrity and valuable data [70].

3.4 Extended Reality

The umbrella term ”Extended Reality” refers to all environments created through a
combination of real-and-virtual conditions, generated by computational power
visualised through different devices. Today three different variants of extended
reality is used, that is Augmented Reality (AR), Virtual Reality (VR) and Mixed
Reality (MR). Extended reality is believed to have a tremendous growth in the
near future and will change business areas such as education, manufacturing,
retail, real estate and entertainment [13]. Today’s industries are currently working
on overcoming barriers, both technological and social, for the implementation of
extended reality, since the use of it can lead to massive time- and cost-savings.
Within manufacturing, assembly, maintenance, logistics and design, multiple uses
of extended reality exists which could ameliorate the process efficiency. [77]

3.4.1 Augmented Reality

Augmented Reality (AR) and its development can be tracked as far back as to the
1960s, where Morton Heilig designed a motorcycle simulator called Sensorama which
included visuals, sounds, smell and vibrations. But, it was first during the 1990s the
technology started to take off. The term itself was coined in year 1992 by the Boeing
employees Tom Claudell and David Mizell, who designed a heads-up display to help
manufacturing and engineering processes with wiring installation. From that point
on, more significant inventions within AR have been developed in areas reaching
from retail and engineering all the way to the motion picture industry. [27]

AR is often defined as overlaying the real-world environment with computer
generated digital information, to enhance the user’s all five senses [22]. The
information can include text, images, sounds, videos or touch sensations, but the
most used and the one often related to AR is the visual ones. An AR system is
defined according to three main characteristics [27]:

1. The system merges real and virtual information in a real-world
environment

2. The system makes interactivity available in real-time

3. The system is active and operates in a 3D environment
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Areas where AR is adopted in today’s society, is mainly withing areas such as
transportation, tourism, gaming, and sport broadcasts [3]. Smartphone games,
task support, car navigation, education and conference video calls are all different
applications where the market is continuously growing. To acquire a
well-constructed AR system, one needs a hardware platform to project or display
the information, in combination with a software that includes algorithms which
uses computer vision to find reference points and gather information from the
surrounding real-world environment [27]. The most common hardware devices
used today for AR, and the respective choice of visual presentation, is presented in
Figure 3.1.

Figure 3.1: Hardware devices fitting for Augmented Reality (AR) and what type of
optics they can use [3]

The three main platforms being used for AR are hand-held devices (e.g.
smartphones, tablets, and hand-held PCs), head-worn devices (e.g. smartglasses,
and head-mounted displays), and lastly the spatial category (e.g. head-up vehicle
displays, laptops, and projectors) [22]. These different platforms needs to visually
present the augmented reality environment for the user, this is mainly approached
by utilizing some kind of optics. The five most common optics are video, optical,
retinal, projection and hologram [3]. Video is closer towards Virtual Reality VR
where the real-world environment is digitized and the virtual objects is laid upon
it, this is the cheapest option. Optical presents the virtual information directly
overlaid on the real environment through see-through displays, which leaves the
high resolution intact and allows the user to still see the active surrounding world.
Retinal works almost like optical, but here the virtual information are projected on
the users retina directly. Projection is when projectors projects the augmentations
through lights or lasers directly on the surroundings, often requires calibration and
flat surfaces. Lastly, Hologram is a more advanced approach where virtual objects
are projected in the real world, combined with the use of photo-metric emulsions
to allow interactivity.

The different devices and optics all have advantages and disadvantages, depending
on how it is used and where it is applied. Today, the most commonly used one
is arguably the hand-held smartphone and tablet platform due to the advanced
components included in every new produced device. This allows easy access to
cameras, GPS, high-resolution screens and high mobility, which is all perfect for
AR. An upcoming approach is the head-worn smart glasses, especially within the
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industrial sector, since it supports assembly operators and maintenance technicians
to work with their hands free [3]. Recent years the development of smart glasses
have taken huge steps in the right direction, which have led to a variety of numerous
high quality alternatives on the market available today.

3.4.2 Virtual Reality

According to Burdea [15], Virtual Reality (VR) is defined as:

"...a simulation in which computer graphics is used to create a realistic-looking world.
Moreover, the synthetic world is not static, but responds to the user’s input (gesture,
verbal command, etc.)."

When using VR, the user are in a fully immersed virtual created world, which do
not have any relation to the real world around the individual [77]. So, compared to
AR which have the real world merged together with virtual objects, VR have a
fully computer created environment which the user ”steps into” instead. In this
virtual world, the user can interact with objects, perform tasks etc. so the
environment must update and change instantaneously in real-time [15]. To allow a
high interactivity, the VR system includes equipment such as goggles, earphones
and controllers or gloves. Similarities to AR is the various sources of information
and software programming that is utilized to create the user experience [27].

Applications where VR can be found today, is mainly within entertainment (e.g.
video games) and education or training [77]. Educating new personnel is one of
the best found use-cases, since it allows the employees to get familiar with complex
work tasks before performing them in reality. Healthcare, law enforcement and
the manufacturing industry is examples of areas utilizing VR training. Design and
engineering reviews of products and shop-floor redesigns is also a case where VR
supports and enhances the process. This is mainly used today in the automotive
and aircraft industry for product development, but also for maintenance inspections.
[77, 64]

3.5 Visual Inspection

One of the most important stages in an aircraft’s maintenance process, is the
visual inspection of the aircraft’s skin and its substructure. The visual inspection
is performed to detect surface defects arisen from external influence like lightning
strikes, hailstorms or normal wear from use. Defects found on the skin and
substructure are commonly cracks, corrosion, dents or damaged rivets. Today,
visual inspection is performed by human technicians who are located on the
aircraft’s surface (e.g. on the wing) or on surrounding platforms. These practices
are time consuming, includes safety risks and human errors. [42, 33]

With increasing innovative momentum within the aviation sector, new smart
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solutions for a more effective inspection process is starting to show up. Ideas and
concepts on how the visual inspection can be automated have existed since the
90s, but in recent years the technologies to support these concepts have become
highly advanced and developed. This have led to a higher number of research
studies where technologies have been tested out to see which technological
challenges still has to be overcome, before before successful use in real-world
applications is possible. [41]

3.5.1 Machine Vision

Machine vision is a technology used for complementing or replacing manual
inspections by equipping machines with cameras and image processing computers.
The applications machine visions assists companies with today is often divided
into four different areas [25]:

1. Inspect
Identifying and verifying quality, damages, defects, surface finish etc. on
objects.

2. Read
Decode (e.g. QR codes), tags or read texts on objects.

3. Measure
Measurement of dimensions on objects (e.g. area, volume, length etc.).

4. Position
Locating and detection orientation, alignment or placement of objects (e.g. in
bins or on conveyors).

The technology is today mostly found in industrial manufacturing processes to
automate and improve the product inspection, which helps to raise the product
quality and the process pace. Machine vision is also used in the food industry,
pharmaceutical industry, construction inspections and vehicle inspections [60, 32].
Components included in a typical imaging system is a vision system, a computer
and software. The vision system should consist of a camera, sensors, lighting and
lenses which allows the capturing of the image. The computer is the connected to
the vision systems through some kind of frame grabber (standardized
communication busses), which collects the information captured by the camera.
Lastly, the software is needed to extract the important information in the images
captured to allow analysis and evaluation of them, this often consists of advanced
algorithms and data-sets which identifies the image characteristics the system is
designed for. [35]

The different machine vision tasks can either be performed with 2D- or 3D-imaging.
2D vision can be used for all four different applications, and the images can either be
captured through line- or area-scanning methods. 2D vision is often recommended
where the color or texture of the object is of interest. Key factors to a high image
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quality is the camera sensor, camera lens, illumination and most importantly the
lighting method. 3D vision on the other hand, is recommended when volume, shape,
positioning and measuring is of interest. Capturing methods for acquiring knowledge
of the third dimension is either scanning or snapshot technologies. Key factors to
acquire a high quality 3D-image is also the lighting methods, but also using constant
movement e.g. using an encoder. [25]
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4 Current Process Analysis

To reach the project goals and address the stated research questions, the first stage
of the master thesis’ course of action was an analysis of the current process. This
was to create understanding on the subject Maintenance, Repair and Overhaul
(MRO), and establish fundamental knowledge on the concerned process.
Information and profound knowledge were established through researching the
topic, conducting study visits, speaking with employees and lastly discussing with
supervisors the cores of Saab’s process. The outcome from the study visits is seen
in Appendix A. The process analysis allowed the authors to point out
opportunities for improvements and which generic requirements to have in
consideration during following project procedures.

The following sections presents the structure of Saab’s current process, an insight
in the focused process phase and the generic requirements identified.

The term task card is a recurring term throughout the report, and to avoid
misunderstanding, the definition in this report is; a printed paper used in the
MRO processes with the key specifications the operator needs for the specific task.
Specifications such as work description, maintenance order, task code, resources,
zones and maintenance manual references are presented. The task card also
consists of empty information fields which should be filled out after execution.

4.1 Saab’s MRO Process Flow

The following figures gives an overview of Saab’s Maintenance, Repair and Overhaul
(MRO) process and an insight in the main phases, which are executed successively
to achieve a functional maintenance operation. The study focuses to enhance the
process flow in phase 3, but in order to achieve the aim, the previous and following
phases had to be taken into consideration. The upcoming flowcharts (Overview,
Phase 1, Phase 2, Phase 3, Phase 4) are based on Saab’s internal material [67].
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Overview:

Figure 4.1: Overview of Saab’s current MRO process. Four main phases deals
with all task defining, planning, scheduling and execution of the ordered maintenance
(based on Saab internal material [67])

Figure 4.1 displays a coarse overview of how the initiation till closure occurs in a
maintenance process. Simplistically, a maintenance order is initiated from the
customer which specifies what maintenance has to be done. This is subsequently
processed at phase 1, where engineers plan and calculate the maintenance order.
Thereafter the order is sent to phase 2. In phase 2, the maintenance order is
processed in detail and prepared for execution. The execution of the maintenance
order itself occurs in phase 3. Lastly in phase 4, certified staff controls and either
approves or disapproves the finished work-package. The project group has excluded
the supply-chain process flow (grey box) and only focuses on the black boxes.

Phase 1 - Engineering & Maintenance Planning:

Figure 4.2: Process flow of the first phase in the MRO process (based on Saab
internal material [67])

The first phase seen in Figure 4.2 deals with the defining along with evaluation on
how the order should be accomplished. Since this is the first phase of the MRO
flow, the associated actors are responsible to make sure all the following phases
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have the knowledge and resources needed to complete the ordered tasks. So if any
new products, new parts or modifications to the maintenance tasks is included, this
phase covers the definition of the new task cards and information surrounding the
concerned product. When the work-scope is stated and agreed on together with the
CAMO, the defined maintenance program, task cards and work orders can be sent
on to the maintenance planning. All aircraft data and defined task cards are located
in Saab’s ERP system.

Phase 2 - Maintenance Planning:

Figure 4.3: Process flow of the second phase in the MRO process (based on Saab
internal material [67])

Phase 2 displayed in Figure 4.3 covers all the preparation steps that have to be done
before the maintenance execution occurs. In order to maintain the aircraft properly,
this phase provides a scope definition and scheduling of the maintenance visit. At
a later stage, the finalization of all preparation of demanded equipment is merged
into work-packages and thereafter sent to the next phase.

The first decision point (black circle) corresponds to agreements internally
concerning the estimated time and the scope, and the second decision point
corresponds to customer agreement.
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Phase 3 - Execute Maintenance:

Figure 4.4: Process flow of the third phase in the MRO process (based on Saab
internal material [67])

The third phase portrayed in Figure 4.4 is the actual realization of the
maintenance execution. So, this phase is performed by certified and educated
aircraft maintenance operators (AMO), also known as aircraft technicians and
mechanics. To initiate the maintenance execution, all work-packages (bundles of
printed paper) are distributed to the assigned operators. These packages includes
printed task cards, required material and tools. With these papers handed out the
technicians and mechanics starts following the instructions and signs off tasks
when finished. If any inconveniences or error occur, they should be noticed and
reported for correction on future task cards. When all tasks are finished,
inspections are carried out to make sure nothing is incorrectly performed. The
work packages are then collected and handed over to the certified control
operators.

Phase 4 - Perform CRS:

Figure 4.5: Process flow of the fourth phase in the MRO process (based on Saab
internal material [67])

At the last stage, the documents are controlled by certificated staff. The
documentations are either rejected or passed depending on if the maintenance
order has been executed according to plan and regulations.
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4.2 Breakdown of Phase 3 - Execute Maintenance

The goal of the master thesis focused on how the MRO process can become more
efficient through implementation of new technologies. Thus, the spotlight was
aimed towards the third phase (Figure 4.4) including the aircraft maintenance
operators (AMO) in the hangar. Some new technologies will branch into the other
phases as well, but the main focus was on how the new technologies would enhance
the maintenance operations performed and help the operators (technicians and
mechanics). The following subsections will introduce the reader to the phase’s
characteristics.

4.2.1 Main Roles

The key staff included in the phase is:

• Technician
The technicians are located in the hangar and performs maintenance tasks
on the aircraft. The licensed technicians has the authority perform all tasks,
sign off and close them (with duplicate inspection as an exception). A flight
technician have more experience and authority compared to a mechanic.

• Mechanic
A flight mechanic is very similar to a technician, with some differences in
authorities. A mechanic works in the hangar with the maintenance tasks and
sign them just as the technician, but they can not close them without having
a technician inspecting and approving it.

• Check Leader
The check leader is a licensed technicians and has a bigger responsibility over
the aircraft being maintained. The check leaders delegates the task cards
among operators (technician or mechanic) and, therefore, one must posses
knowledge on the execution order and which operators is the most suitable for
the related tasks. To clarify, the check leader acts as the middleman between
the maintenance planning and the operators.

• Maintenance Planner
The maintenance planner are the one summarizing the order from the
CAMO into a work package to be delivered to the check leader (phase 2). So,
they receive the order, interpret what have to be performed in form of tasks,
complies packages, prints the task cards and then delivers them to the
hangar. The maintenance planner also acts as the communicator with the
CAMO if uncertainties arises. During closure of the ordered job, the planner
collects all task cards and inspects them to make sure all demands have been
covered (phase 4).

In most of Saab’s operated hangars, each technician and mechanic are provided
with an own personal laptop. On their computers they activate and close the tasks
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they are working on, and fill in information after completion. It is also on the
computer they can find the Original Equipment Manufacturer (OEM) handbooks
used for process guidance, if it is not printed. The check leader usually have their
own personal computer just as the technicians and mechanics, but also their own
desks with a bigger screen accessible.

4.2.2 Maintenance Operations

The ordinary procedure when executing maintenance on an aircraft can be split up
into several operations, starting with the incoming check and cleaning of the aircraft.
The purpose with the incoming check and cleaning operation is to investigate the
current condition of the aircraft, for instance, if any additional loose equipment is
placed in the aircraft and notice unreported damages previously caused by the user.
This is done to make sure no controversies with the customer arises later on. The
arrival inspections today are usually made visually by a technician, by following
printed checklists standardized for each type of aircraft. If findings are made they
are later documented and reported on a computer, which then the maintenance
planner informs the customer about.

When all pre-work is finished, it is time to start dealing with the work packages
handed out from the maintenance planner. So, the check leader starts distributing
the different task cards to the operators who then assigns themselves to the tasks
and starts working. As a technician or mechanic working on a task, you investigate
what the task card contains and which handbook chapters is referenced. Then you
use your laptop, in which all handbooks are located, and either follow them by
screen or print the relevant pages. In many cases one would need to follow multiple
chapters or totally different handbooks to perform one specific task, therefore they
are often printed. Usually, a lot of information is recorded on the handbook pages
during the execution as support for the operator, or to note findings made. Some
task cards demands change of parts, in this case the technicians and mechanics
must note which part was taken out of the aircraft, and which part was installed by
writing it down by hand on the task card. Operators sometimes need to order new
material if something breaks during the process, this is done on the laptop. Other
relevant information for the operators during the task process is inventory levels,
part numbers and resources required.

When one is finished with a task, the operator signs the paper plus stamps it with
a personal unique stamp. If the task requires duplicate inspection or if you are a
mechanic, you hand the task over to another technician who needs to inspect and
approve the task. When all this is finished, the operator goes back to the laptop and
fills in (once again) all information written down on the task card to the related work
package. It is common that the check leader performs a big part of the inspection on
tasks performed by the mechanics, therefore they do not manage to execute many
tasks themselves. So, the check leader often gets a more administrative role and has
to transfer information to the computer system.
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4.3 Generic Requirements on the MRO Process

This section will present the generic requirements obtained from the current process
analysis. The requirements stated were observed from a coarse approach covering
the most general necessities. Beyond the presented generic requirements, there exists
more relevant topics (e.g. security and cost) to consider when enhancing the process
but these were neglected due to the project delimitations. Despite neglecting these
generic requirements, the authors had them in mind throughout the project.

4.3.1 Paperless

The project originated with the premises to analyse if a paperless MRO process is
more advantageous than the current. Therefore, to become paperless is considered
as a generic requirement. The company proposing the requirement is Saab and hence
considered as the stakeholder. The generic requirement objective is to investigate if
an increased efficiency in a MRO process could be obtained. To dig deeper into the
essence of the generic requirement, the authors will conduct a thorough investigation
of the current system. The analysis, also called requirement elicitation, will set the
basis for the sub-requirements required to achieve the generic requirement.

4.3.2 Traceability

The second generic requirement, namely traceability, emerges from the government
that forces the industry to tail. The underlying aim is to increase the quality of the
aircraft and thus increase the safety. Traceable information are for instance installed
materials, used tools, and personnel activities. To comply with the regulations, Saab
is tracing the maintenance information through documenting both on paper and in
the ERP-system. Such a process negatively impacts the efficiency due to duplication
of the documentation. The sub-requirements accommodated to the technology must
align and comply with the set of regulations, regardless of kind of technology used.
The retrieval of the sub-requirements will occur through the requirement elicitation
stage.

4.3.3 Authorization of Tasks

Authorization of a task is the third generic requirement the authors chose to work
towards. The generic requirement covers operators permission to information, but
also approval of executed task. Similar to traceability, the demand originates from
regulations. The aim is to increase safety by increasing the airworthiness of the
aircraft. To comply with the regulations, each operator signs and stamps the task
card when completed as confirmation. Depending on if the task requires an eligible
certificate or double inspections, a check-leader or a technician approves it by
inspecting and then signs as well. Similar to previous generic requirements, the
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retrieval of the specific sub-requirements will occur through the requirement
elicitation.



5 MRO Technologies

When knowledge on aviation Maintenance, Repair and Overhaul (MRO) and
Saab’s current process had been gained through the analysis, implementation of
the literature study and market analysis could be initiated to bring the study
onward. This chapter informs the reader about the literature study and market
analysis that was carried out to broadly explore MRO technologies relevant for the
aviation sector, and for the concerned company’s MRO process. By exploring
technologies already utilized today in combination with the ones enthusiastically
being researched on, RQ1 would be answered. Many of the technologies can be
implemented together and interconnected to complete a whole system package
solution.

The technologies encountered were divided into two subgroups; Current and
Future. This assortment would grant an easier perspective over which current
technologies were relevant for an upcoming realization of a demonstrator, plus
present an overview of the future technologies that may become applicable in the
near future. Thus, the technologies admitted as ”current” were the ones evaluated
ahead of the selection of technology that should be further realized into a
demonstrator.

Each technology was evaluated with pros and cons. The pros and cons were partly
based on research sources but also self-interpreted by the authors. These
interpretations were based on the previous process analysis and are distinguished
with a [SI]. The statements based on research sources are marked with their
respective citations. In this way, the statements are separated from each other.
Important to notice, some of the pros citations are based on the company provider
of the specific technology, and thus could comprise as a biased opinion.

5.1 Current Technologies

The upcoming subsections presents the current technologies that could be utilized
among aviation MRO actors today. Each scrutinized technology will be elaborated
with its feasibility in aviation MRO, followed with its positive and negative
application aspects, and lastly suitable suppliers active on the market. The
information displayed for all technologies were exploited in the evaluation process
for the imminent demonstrator.
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5.1.1 Augmented Reality Glasses

Figure 5.1: Depiction of an utilization of AR glasses in aviation MRO (Henrik
Witalis, Saab AB)

One of the most discussed technologies considering the aviation industry is
Augmented Reality (AR) glasses, also known as ”smartglasses”, since many believe
it would enhance both the manufacturing and maintenance processes. Even
though the technology have been a subject with huge interest for a long time, it is
still not yet broadly implemented, but is clearly on its way into the aerospace
industry. The number of suppliers and manufacturers on the AR glasses market
are believed to rise the coming years, where today’s best-known suppliers are
Google (Google Glass), Microsoft (Hololens), Vuzix (M300) and Realwear
(HMT-1). An example of use in aviation MRO can be found in Figure 5.1.

• Process Guidance
Process guidance is the subject where the substantial interest of AR glasses
application is found at, justified by the need to reduce human errors due to
frustration arising when following unclear and confusing handbooks [58].
Process guidance is when displaying task information through the AR glasses
display. Information could be given in form of text, symbols and 3D-models.
Process guidance can be applied in easier line maintenance, heavier base
maintenance operations, all the way to operational and functional testing.
As a combination with the AR vision system, one could use voice-based
control to extract information during the task execution to achieve a
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paperless solution instead of pen-and-paper based documentation. This is
especially useful during the final testing of the aircraft’s systems, where
many numerical values must be measured and recorded. The Malmö based
company Crunchfish is a tech company working with gesture control of AR
glasses. They are working with world-wide partners on industrial use-cases,
where for instance process guidance is included [19]. Pros and cons with
process guidance is presented in Table 5.1.

Table 5.1: Process guidance with AR glasses pros and cons

Pros Cons

• Work paperless and hands free
through head mounted equipment [58]

• Demanding software behind
implementation, often requires big
data or physical reference points [31]

• Easily acquire task information
directly in front of you [58]

• Camera positioning and user point of
view must be easily acquired to allow
3D-model overlays [31]

• Reduce cognitive load from reading
handbooks and manuals [58]

• Hard to implement reference points
in complex aircraft systems and
components [SI]*

• Performance quality increase through
removing frustration of searching and
reading handbooks [SI]*

• Interference with strict regulations
regarding camera usage within military
maintenance centers and hangars [SI]*

• All information transfer would
be directly through the concerned
database [31]

• Through complex user-interfaces,
information overload is a common
problem [57]

*[SI] = Self-interpreted by the authors based on previous analyses.

• Remote Guidance
A second application where AR glasses are of good use, is remote guidance.
Remote guidance is when a field technician get support and guidance for a
complex task, from an expert maintenance operator who is in a different
geographical location. If the field technician need extra help and perhaps an
analysis of the current failure or inspection, he can be equipped with AR
glasses which sends the camera video feed to the expert operator. Through
the video feed, the expert can guide the technician through text, symbols or
in some cases their own hands, which is then projected as augmented virtual
objects in the real environment in the AR glasses [57]. The advantages and
disadvantages with the technology is presented in Table 5.2. The Linköping
based company XMReality is working with AR software solutions and
provides complete systems fitted for remote guidance. Since XMReality are
constantly working on developing their products and the technologies behind
them, their relevant headquarter geographical location in Sweden, plus
having a well proven system, a collaboration between Saab and XMReality
could lead to many benefits. [76]
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Table 5.2: Remote guidance with AR glasses pros and cons

Pros Cons

• Cuts down amount of traveling
employees [76]

• The ”physical” control can not be
performed [SI]*

• Saves time and money through expert
guidance from distance [76]

• High reliability on the internet
connection, if not available the solution
fails [57]

• Less errors through easier access to
help when needed [SI]*

• Always has to have an expert
available to perform guidance [SI]*

• Giving the expert the maintenance
operators point of view through glasses,
which is harder to achieve through
other gadgets [SI]*

• Interference with strict regulations
regarding camera usage within military
maintenance centers and hangars [SI]*

• Operator can work hands free while
being instructed [76]

*[SI] = Self-interpreted by the authors based on previous analyses.

5.1.2 Augmented Reality Projections

Figure 5.2: Depiction of an utilization of AR projections in aviation MRO (Henrik
Witalis, Saab AB)
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An upcoming augmented reality (AR) application, besides smart-glasses, is the
optical projection systems. These systems uses spatial projectors to project the
process steps to the operator which updates in real-time. The instructions could
be projected on the workbench, the product interacted with or on other relevant
surfaces. In Figure 5.2, a depiction of the technology is shown. By combining text,
lights, images and videos the operator gets guided through the work procedure and
do not need to read manuals or remember specific process steps. Together with the
projector, smart sensors are installed to validate the correct task execution. This
provides shorter operator training, more flexible work areas and reduces human
errors. The Belgian company Arkite can supply companies with their product
called ”Human Interface Mate (HIM)” which provides all these benefits. Both the
hardware and software are offered with user-friendly interfaces to make
implementation as easy as possible. One could also connect the system to the
company’s ERP systems, to make sure all data and key aspects through the
process are collected. [9]

Table 5.3: Pros and cons with augmented reality projections

Pros Cons

• Paperless and standardized way of
working [SI]*

• More fit for manual assembly stations
compared to the flexibility among
aviation MRO [SI]*

• Business systems can be connected to
collect relevant data and statistics [9]

• Much work with making instruction
manuals comply with the new
projections (images, work steps,
references etc.) [SI]*

• Reduced human error through smart
sensor validation [9]

• Would need structured and
standardized work procedures and
work areas, not so common in MRO
hangars [SI]*

• Easy integration of new employees
[SI]*

• Could lead to frustration if not
working properly when repetitive
operations are performed [SI]*

• Flexible work areas where less
knowledge is needed before changing
station [SI]*

*[SI] = Self-interpreted by the authors based on previous analyses.

5.1.3 Virtual Reality

Precisely as AR, Virtual Reality (VR) is an up-and-coming well discussed topic
in today’s aviation industry. With the constantly increasing computational power
and market investments, complex and well-developed VR applications are becoming
more and more easily accessible in the industry. VR use-cases are mainly found in
the earlier stages of an aircraft’s life-cycle, e.g. development, design and sales, but
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it could also enhance the MRO processes.

• Virtual Inspection
In today’s MRO processes it is common to use manual fluorescent penetrant
or borescope inspections for crack detection in different aircraft components.
Crack detection must be performed to identify deviations in the concerned
componenet’s surface, which eventually could lead to failure. The manual
process, both dye penetrant inspections and borescope usage, is very reliable
but time consuming and demands a highly educated user. Instead, it is possible
to create a virtual 3D-model based on gathered information on the component
which is then inspected in a VR-environment. One way of creating the model
is using robot guided white light interferometry, which creates point clouds
that can be transformed into a virtual copy. This allows the inspector to come
closer to the component, see it from various directions and angles, plus work
in a non-stressful environment. The inspection could be performed using a
VR headset whereas the user would go into the virtual environment to inspect
the component [29]. Pros and cons of the virtual inspection through VR is
presented in Table 5.4.

Table 5.4: Pros and cons with virtual inspection

Pros Cons

• Inspection times could be reduced
compared to traditional methods [29]

• Not yet fully tested in industrial use
[SI]*

• Easier approach to the concerned
inspected area with the virtual model
(zoom, rotation etc.) [29]

• Requires a lot of data storage and
complex handling of information to
create models [29]

• No need to detach components for
inspection [SI]*

• It demands a smooth and effective
digitalization of the components [29]
• Long learning curve [29]

*[SI] = Self-interpreted by the authors based on previous analyses.

• Technician Training
Application within technician training is a typical example of where VR is
implemented today. Maintenance tasks could be executed in a virtual test-
environment with virtual objects before performed on an actual aircraft. This
would lead to a higher availability within the fleet, since no aircraft has to be
stationary for training. Table 5.5 goes through advantages and disadvantages
with using VR for technician training. An interesting company developing
VR training solutions and services is Vobling. Vobling is currently located
in Sweden and the Philippines, where they develop customized and scalable
training platforms for companies to increase safety, sustainability, quality and
efficiency. Saab have had earlier collaborations with Vobling for enhancing
product demonstration. [75]
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Table 5.5: Pros and cons with technician training through virtual reality

Pros Cons

• Abolish time and location
restrictions, which leads to financial
savings [62]

• If implemented in an incorrect way it
could lead to human errors when later
applying knowledge in real cases [SI]*

• Training implies in better results due
to raised engagement from students
and easier teacher feedback [SI]*

• Needs to be evaluated at a detailed
level to maximize its use for education
[SI]*

• By using virtual objects instead
of real aircraft, it leads to greater
availability of the fleet [SI]*

• Needs availability of 3D models of
aircraft components, could be missing
for older types of aircraft [57]

• No risks of damaging real components
during training [62]

• Long learning curve [SI]*

• More economical having multiple
VR-systems compared to acquiring
multiple expensive components [SI]*

*[SI] = Self-interpreted by the authors based on previous analyses.

5.1.4 Tablet Applications

Figure 5.3: Depiction of an utilization of a tablet application in aviation MRO
(Henrik Witalis, Saab AB)
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As of speaking, the most traditional way of executing a work procedure in a MRO
workshop is still with the help of physical paper manuals and task cards. In the
ongoing development of digitization, these work procedures become obsolete and
restrict the robustness and the possibilities of enhancing efficiency. Companies are
eager to leapfrog to disruptive technologies to enhance the system, thus
maintaining and improving their competitiveness and resilience in the market.
Therefore, companies nowadays continuously investigate new solutions, and the
most topical and used solution today is electronic tablets. Figure 5.3 depicts how
tablets can be used in aviation MRO. There are several companies today with
expertise within the field of offering tablets solutions, MRX-systems, Novacura,
ENVISION and EmpowerMX are some of them. Novacura and MRX-system are
the two systems that the project group chose to analyse in-depth.

• Novacura
Novacura was founded in 2005 with the aspiration to provide a customized
dynamic system for companies’ enterprise resource planning (ERP) systems.
Today, the ambition is reality, and Novacura is an expert of process
development in ERP-systems and possesses multiple partnerships. The
low-coding tool used is called Novacura Flow, and is used for the
manipulation of changes, refinement, and innovation of the ERP-system.
Novacura Flow works as an on top layer upon the ERP-system. Therefore,
this allows company personnel to connect and further develop new easily
understandable and practical applications working together with the
ERP-system. The platform is user-friendly, and it works in different
interfaces such as a tablet, mobile phones, computers, and hand-computers.
The pros and cons of Novacura’s application is shown in Table 5.6. [45]

Table 5.6: Novacura’s tablet application pros and cons

Pros Cons

• Highly customized, this allows
companies to continuously upgrade the
system according to the companies
favour [SI]*

• Demands expertise within the field of
MRO processes [SI]*

• Easy simulation to identify
improvements and detect errors
within the workflow [45]

• Requires staff that continuously work
with the system, and thus constitutes
as a operational cost [SI]*

• Ease the integration and connection
with the companies’ ERP-system [45]
• Low-coding platform for creating
workflows [45]
• Already implemented at Saab for
other applications [SI]*

*[SI] = Self-interpreted by the authors based on previous analyses.
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• MRX-Systems
MRX-systems is a company that specializes in providing safe, secured, and
user-friendly solutions for aircraft maintenance. The solution is based on a
completely paperless solution throughout the whole maintenance process,
where tablets are primarily used instead of paper [44]. MRX provides four
different modules, BLUE EYE, BLUE MRO, BLUE STOCK, and BLUE
OPS. The modules are synced and utilized in their particular area, for
instance, BLUE STOCK provides insights into the material inventories, and
thus allows you as a company to plan your supply chain. Beyond that,
MRX-Systems provides user comfort, where they listen to the customers’
requirements to both comply with regulations and the customer demand [44].
MRX-system is being used around the world and has its applications and the
related features approved from governments around the world, Sweden
involved. Pros and cons of the application is presented in Table 5.7.

Table 5.7: MRX-Systems’s tablet application pros and cons

Pros Cons

• By outsourcing, guaranteed expertise
within the MRO processes application
[SI]*

• Difficult to get fully customized
product [SI]*

• Safe and secure of data [44] • Cost investment, recurring payments
due to subscription services [SI]*

• Traceable data [44] • Reliance on another company [SI]*
• Robust system which provides
insights and a overview in the whole
MRO-cycle [44]

• The application proceeds from a
cloud-based storage philosophy, clash
with military sector regulations [SI]*

• Implemented in a Swedish company,
therefore governments compliance
confirmed [SI]*
• User-friendly interface [44]
• Competitive market price [SI]*

*[SI] = Self-interpreted by the authors based on previous analyses.
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5.1.5 Maintenance & Inspection by Voice Guidance

Figure 5.4: Depiction of an utilization of vioce guidance in aviation MRO (Henrik
Witalis, Saab AB)

One of the most popular alternatives to paper on ways to guide operators through
workflows is through voice guidance. Basically, having a recorded voice which goes
through the different procedures and steps in a workflow, and where the user replies
with the information asked for. A depiction of the technology in an MRO process
is shown in Figure 5.4. Today the technology is mainly found in supply chains,
specifically for picking operations in warehouses, but within aviation MRO it could
be used and has been tested as well. For inspection, engine tests or other standard
maintenance tasks, guidance by voice could lead to shorter process times and less
errors. Instead of doing inspections or tests where the documentation is by hand
on different paper checklists, the information could be asked by the voice system
and then the operator replies the answers directly. This allows the user to work
hands free and all documentation is automated. Honeywell Vocollect is a solution
available designed by Honeywell today, which is well tested and applied in multiple
operations. Their solution consists of a headset which the operator wears and gets
prompts from plus speaks into, and software with speech recognition that transfers
information automatically to the selected database. Honeywell claims their voice
systems enhances the quality and productivity of the process it is implemented in
[30]. The pros and cons from using voice guidance is presented in Table 5.8 below.
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Table 5.8: The pros and cons with maintenance and inspections by voice

Pros Cons

• Paperless system which replaces
checklists [30]

• Not flexible, more fit for standardized
procedures [SI]*

• Information is automatically
transferred to the database when
collected [30]

• Can cause misunderstanding if
instructions hard to describe through
speech [SI]*

• Allows the operator to work hands
free [30]

• Not suitable for noisy environments
[SI]*

• Removes the need to move away from
the aircraft/component inspected and
fill in information on a computer [SI]*

• Monotone voice can cause frustration
and be unpleasant to listen to all day
[SI]*
• Frustration if system do not
understand the expressed information
[SI]*

*[SI] = Self-interpreted by the authors based on previous analyses.

5.1.6 Hand-Held 3D Scanning

Figure 5.5: Illustration of hand-held 3D scanning in a maintenance process (Eskil
Nyholm, Saab AB)
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3D scanning is a technology where data collection occurs by the laser scanner when
it hits the surface of the physical object. In order to identify the data points and
value of the surface, laser triangulation is utilized [17]. The 3D scanner captures
snapshots of an object which are images called 3D scan. A 3D scan consists of a
three-dimensional image with the attributes of the captured image. By combining
these images consisting of these polygons, a mesh of a replica of the object is made.
[10]

Most of the aircraft inspections today are visual. The primary focus when
conducting a visual inspection is to detect defects affecting the aircraft’s
airworthiness. These defects could vary from cracks on the outer shell to corrosion.
Due to manual visual inspection, the inspection performance becomes limited.
Factors such as lighting, access to difficult regions, and the restricted
human-sensing are some of them. When the naked eye is not sufficient, a pit gauge
is usually utilized to detect scratches and cracks. This visual inspection demands
manpower and time. [41]

• Creaform
One company called Creaform offers a non-destructive testing solution for
3D-scanning, which purpose is to inspect aircraft. This 3D-scanner consists
of a scanner called HandySCAN 3DTM and a surface inspection tool called
SmartDENT3D. The use of it is fast, easy, and accurate. The purpose of the
inspection-solution is to address the problems mentioned above, to reduce the
impact of human error, and decrease the time-consumption taken by manual
visual inspection. Pros and cons of hand-hold 3D scanning is found in Table
5.9. [18]

Table 5.9: Pros and cons with hand-hold 3D scanning

Pros Cons

• User-independent usage [18] • High costs of advanced technologies
[SI]*

• Real-time visualization of scanned
areas [18]

• More cost efficient for larger aircraft
[SI]*

• Reduced inspection times compared
to pit gauge [18]
• Accurate, repeatable and reliable
results [18]
• Allows reverse engineering of old
components [18]

*[SI] = Self-interpreted by the authors based on previous analyses.
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5.2 Future Technologies

Future technologies arising within the aviation industry identified through the
literature study is presented in the following subsections. The technologies are all
highly topical today where universities, research institutes and companies are
creating concepts and performing tests in trying to reach the next level. Each
technology will be described through elevating its compelling functions which
favors the MRO process, plus what obstacles has to be tackled to reach successful
application.

5.2.1 Digital Twin

Digital Twin (DT) represents a new stage of simulation, where the replica of the
physical asset is presented and loaded with relevant continuous data to imitate the
physical world. The new virtual prototype unlocks the ability of predictability,
which further decomposes into diverse opportunities, such as allowing companies to
manage and track the entire life cycle of their products. [8]

To narrow down the scope regarding DT advantages, advantages accommodated to
Maintenance, Repair, and Overhaul (MRO) processes are focused on. Following
statements are based on [8], and self-interpreted from an aviation MRO
perspective. As described before, MRO process is split into three different
maintenance operations, namely preventive, corrective and predictive maintenance.
In one way or another, the Digital Twin DT system will have a positive effect on
all operations. These maintenance operations could become integrated all together
in a (DT) of the physical aviation, and in that way, base the decision-making when
new maintenance actions are required.

DT in MRO processes could imply robustness in the system, and thus maintenance
only takes place when maintenance is required. When defects are displayed on the
virtual asset, a proactive working process initiates. The relevant coworkers analyse
the underlying faults and depending on the diagnosis, relevant stakeholders are
informed. Consequently, this allows the preparation of spares, disassembly
sequences, tools, etc., before the aircraft is even in the hangar. Beyond that, this
allows the technicians and mechanics to learn more about MRO strategies with
help through for instance Augmented Reality (AR). Once the damage recovers on
the physical aircraft, the new data is collected and uploaded into the system to
provide data to the next coming aircraft, and in this way, contribute to continuous
improvement within the system itself and regarding the product life cycle [56].

Digital Twin (DT) requires multiple engineering tools to be integrated together,
and thus considered as a complex system [8]. Beyond that, the implementation
of DT relies on big data from sensors [14], this forces manufactures to consider
DT properties early in new generation aircraft developments. Today, DT is still
positioned in under development stage. An interpretation of Digital Twin (DT) can
be seen in Figure 5.6. Pros and cons with DT within MRO can be found in Table
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5.10.

Figure 5.6: Illustration of a digital twin of an aircraft (Eskil Nyholm, Saab AB)

Table 5.10: Pros and cons with digital twins

Pros Cons

• More competitive by providing
accurate customer quotations [SI]*

• Complex system that requires
multiple engineering tools integrated
[8]

• More effective handling of the
maintenance operations [SI]*

• Requires early implementation in
aircraft development [SI]*

• Decision-making support tool [38]
• Real-time data retrieval [8]
• Effective resource exploitation [SI]*

5.2.2 Additive Manufacturing

Additive Manufacturing (AM) is a production technique that involves the joining
of material. With help of Computer Aided Design (CAD), the product is extracted
into a 3D-printing machine which ejects layer after layer till the product is built
up. Depending on the required material, the AM utilizes three different substances,
namely polymers, ceramic, and metals. [73]
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The original equipment manufacturer (OEM) possess most knowledge surrounding
the product/part fabrication, and therefore, most of the time, the repair and
overhaul are addressed from their perspective. Further, this puts the end-users and
buyers in an adapted situation which forces them to purchase from the OEM [73].
Consequently, from a MRO company perspective that is considered a buyer, the
up-time to deliver maintained aircraft is negatively affected. By establishing
Additive Manufacturing (AM), barriers such as knowledge on product/part
fabrication are resolved [73], and production facility that the OEM possess to
produce the equipment is not required. The production technique saves material,
cost, and energy when producing a small production volume, which MRO
processes possess [73]. In Table 5.11 the advantages and disadvantages of additive
manufacturing are brought up.

Table 5.11: Additive manufacturing pros and cons

Pros Cons

• Time-saving in spare parts
production [73]

• Relative expensive machines [SI]*

• Availability to repair worn products
easier [73]

• Low production volume and long
manufacturing time [69]

• Allows efficient manufacturing of
complex parts and products [69]

• Restrictions in the mixing of
powder, could lead to uncertain
material properties [69]

• Less waste compared with traditional
manufacturing [69]

• OEM’s financially exploit their
leverage position, thus contracts their
end-users with limited manufacturing
[SI]*

• Could generate less cost for small-
batch production [SI]*

The establishment of AM has already shown to have a significant role in the MRO
processes where laser cladding is utilized [73], but AM is still under development
to extend its usage among industries, and is considered as a disruptive technology
among MRO processes.
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5.2.3 Autonomous Drone Inspection

Figure 5.7: Illustration of autonomous drone inspection of an aircraft (Eskil
Nyholm, Saab AB)

Since the visual inspection of aircraft often is time consuming and prone to human
errors, many new technologies are being looked into today and can much likely be
available in the future. One of the most promising concepts is drone inspection,
specifically using autonomous drones to inspect the aircraft for deviations.
Basically it is a type of a machine vision system. Drone inspections holds much
potential for the aviation sector since they could cut inspection times a lot and
therefor cut company costs [2]. A normal autonomous drone inspection process
could be firstly collecting high resolution images with the drones who fly in
predefined patterns. Secondly, the collected images runs through a machine vision
algorithms who analyses the images and points out all defects (e.g. corrosion,
paint deterioration, lightning strikes) which then are corrected by operators [2].
Lastly, all data collected and analysed will be saved and be used for traceability
and future defect predictions. The French company Donecle is one supplier of
end-to-end solutions regarding automating your aircraft inspections [21]. Figure
5.7 shows how a possible drone inspection could be utilized. Table 5.12 presents
the pros and cons of the technology.
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Table 5.12: Autonomous Drone Inspection pros and cons

Pros Cons

• Higher safety due to no need for high
platforms or climbing on the aircraft
[SI]*

• Due to varying condition
characteristics among aircraft, the
systems needs to be very flexible and
cover multiple types of deviations [41]

• Less workforce and equipment
needed compared to traditional visual
inspection [SI]*

• Autonomous drones are not
sufficiently developed in the present
day and needs to become more stable
to be proven useful [SI]*

• Faster data gathering through
autonomous drone flying-paths
and image analysis with advanced
algorithms [2]

• A lot of data and images needs to
be stored to acquire accurate image
analysis algorithms [SI]*

• Economically beneficial due to
shorter inspection times [2]

• Lighting in hangar environments can
cause trouble since it is a key factor for
machine vision [41]

• Removes human factor from the
process, which improves quality (when
applied correctly) [2]

• The system is more efficient for
bigger aircraft types, and could have
less impact on smaller aircraft and
helicopters platforms [SI]*
• Many adjustments has to be made
before reaching a fully working system
[41]
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5.2.4 Roof/Hangar Entrance Scanning

Figure 5.8: Illustration of entrance scanning inspection of an aircraft (Eskil
Nyholm, Saab AB)

An interesting concept utilizing machine vision is having a surface scanning device
mounted in either the entrance or in the roof of the hangar. An interpretation of the
technology is illustrated in Figure 5.8. This idea is similar to the automated drone
inspection, but uses stationary devices instead of drones to inspect the aircraft’s
surface to find deviations [41]. By creating and designing a rigid and automated
entrance scanning, the inspection time will be cut drastically since it is can be
performed during other operations and the cameras cover a bigger area compared to
human workers. The procedure of an entrance scanning system would be similar to
the drone inspection. It would start by scanning the aircraft when transported into
the hangar through using cameras or scanners, suggested like how water is applied
at a car wash today. The data collected (e.g. images) would then be run against a
database in which programmed algorithms identifies the defects. The findings would
then be presented for the staff who can start restoring the aircraft to the desired
state. To allow a system of this kind to work smoothly, long-reaching accurate
scanners or cameras has to be developed to allow an error-free process. Since lighting
also is of big importance regarding machine vision some smart solution on how that
can be solved over a big area (aircraft body, wings etc.) has to be invented as well
before implementation is available.
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Table 5.13: Pros and cons with the roof/entrance scanning technology

Pros Cons

• Higher safety due to no need for high
platforms or climbing on the aircraft
[SI]*

• Due to varying condition
characteristics among aircraft, the
systems needs to be very flexible and
cover multiple types of deviations [41]

• Shorter inspection times due to
coverage of big surface area and fast
algorithms [41]

• Better scanners or cameras have to
be developed to acquire an accurate
process in the future [SI]*

• Improved quality and high chance of
finding deviations [41]

• A lot of data and images needs to
be stored to acquire accurate image
analysis algorithms [41]

• Less workforce and equipment needed
[SI]*

• Lighting in hangar environments can
cause trouble since it is a key factor for
machine vision [41]
• Systems needs to be tested more to
prove great use [SI]*
• Low accessibility to obscured surfaces
[SI]*

5.3 Selection of Technology as a Demonstrator

To be able to execute a profound analysis in form of requirement-lists in the given
time-span, a selection of technology was next. The outcome of the selection phase
resulted in the tablet-solution as the winning concept. The selection was primarily
motivated by meeting the generic requirements of a paperless solution, traceability
and authorization. The paperless requirement was met due to the tablet-solution
having an exceptionally good opportunity to present the same kind of information
which is presented today on paper. The same thing goes the other way around, that
information inputs usually written on the paper could instead be noted down in
on the tablet in a more standardized way. Both traceability and authorization are
also requirements easily met and possibly improved by utilizing a tablet-solution,
since the majority of the current operations can be replaced with similar actions
covered in the tablet-solution. For example, today’s authorization through written
signatures could be enhanced by using biometric signatures on the tablet instead
which could be more reliable and trustworthy.

Secondly, the tablet-solution appeared as the most matured technology compared to
the other ones investigated. Mainly since tablets have been around for many years
and are a well-developed technology improved by leading technology companies.
But also because successful implementations of tablets in MRO suppliers’ processes
could be seen today within the sector. Through studies and interviews with market
actors, for instance MRX-Systems, many solid motives were presented on how the



54 Chapter 5. MRO Technologies

tablet-solution would be a convenient selection. In addition, the authors took into
consideration the transition aspect; how realistic is the transition between paper to
the new technology. Here, a tablet-solution was once again the most reasonable and
best option to select for a demonstrator since the other relevant technologies, for
instance AR glasses, would be to much of a change in the given time-span. A tablet-
solution was also seen as the technology which could lead to the biggest enhancement
in the current process due to dealing with the majority of investigated flaws.

In talks with the supervisors and managers connected to the project, Novacura was
elected over MRX-Systems. Novacura’s good history of expertise with integration
within ERP-systems and the ongoing collaboration with Saab, weighed heavily in the
final decision. Since one of the biggest complications in today’s process is the amount
of ”administratory work” on both paper and in computational systems presented in
Section 4.2.2, Novacura felt like a valuable alternative through scaling down the
process and collecting all stages in one application. The already existing bridge
between the companies systems, Saab’s ERP-system and Novacura Flow, achieves
the required system compatibility. Thanks to the already proven compatibility,
Novacura was also believed to have a substantial opportunity to reach the furthest
regarding the demonstrator development. This was seen as an key motive from a
time-perspective, since the end result could have a bigger impact compared to other
options. That together with Novacura’s location in Linköping were the reasons
behind why Novacura Flow was considered the best option, and selected as the
technology to move on with.

However, it should be mentioned that since the selection was based from a demo-
perspective, the selection for a complete implementation can look different. A more
profound and deeper inquiry would have to be performed to confirm this.

To conclude the section, the support system is defined as followed:

• Hardware = Tablet (iOS or Android)

• Software = Novacura Flow application

• Database = Saab’s ERP system



6 Requirement Elicitation &
Analysis

The thesis’ sixth chapter presents the creation of the requirement-lists, which was
based on the information acquired through the requirement elicitation process
shown in Appendix A. The first section presents the selected requirement sources
the elicitation focused on. The following sections presents the final requirements
which are based on the pre-defined support system presented in Section 5.3.

To obtain relevant requirement-lists which the upcoming demonstrator could be
based on, a clear requirement scope had to be stated. This led to the decision to
focus on the generic requirements, described in Section 4.3, which became the
three main topics the requirement-lists were going to be identified by. During the
elicitation and documentation process, a recurring analysis and evaluation was
executed together with supervisors and managers, to make sure the final
requirements were easily understandable and important for a successful
demonstrator. The structure of the requirements were based on the SOPHIST
requirements template called FunctionalMASTER [66].

6.1 Selection of Requirement Sources

To end up with the most valuable and important requirements, selecting sources
was of big interest in before the definition of the lists. Therefore, the most
interesting stakeholders were quickly identified as the international agencies
(EASA and ICAO), managers at Saab, and all staff operating in the third phase
defined in Section 4.2.1. All these stakeholders were in focus during the
requirement elicitation and documentation. A well spread combination of
interviews, observations and document-centric techniques were applied during the
elicitation to make sure an overview of all relevant areas was acquired. The
interviews and observations became crucial during investigation of how the
end-users does their work today, and what they need to be able to always perform
an approved job. On the other hand, document-centric approaches were more
relevant for the international agencies stakeholders and the requirements regarding
the traceability and authorization topics.
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6.2 Documentation Method

The three-leveled approach, presented in Section 2.2.5, led to a more
comprehensive structure of the requirement-lists. The first level had a process level
approach, meaning a representation of the general necessities of Saab’s MRO
process. In contrary, the second and third levels had a technology level approach,
meaning they were focused toward the defined support system, namely the tablet
solution (Section 5.3). The following sections presents the dependency between the
different levels, and the meaning behind them:

Level 1 - Generic Requirements (Process Level)
The generic requirements were used as the main topics for the requirement-lists
and had been acknowledged through the current process analysis (Section 4). Each
generic requirement covers a comprehensive demand, regardless of the choice of
technology. An objective was assigned to each generic requirement to declare the
purpose of it.

Level 2 - Main Requirements (Technology Level)
The main requirements are related of the generic requirements, by defining how
they can be satisfied through utilizing the specific chosen technology. Essentially,
how the key-attributes of the tablet-solution should be designed to meet the generic
requirements. At least one main requirements for each generic requirement had to
be stated.

Level 3 - Sub-Requirements (Technology Level)
The last level consists of the so-called sub-requirements. These break down the
main requirements further, to facilitate the demonstrator development phase by
defining more concrete and measurable requirements. The sub-requirements deals
with the crucial design and attributes that the support system has to possess in
order to comply with the main requirements, which further leads to complying with
the generic requirements. Both hardware and software parameters were influenced
by the sub-requirements.

6.3 Paperless

The aim of the project originates in providing a paperless-solution. Hence, a
paperless-solution is classified as a generic requirement that the authors had to
take into account when executing the elicitation. The stakeholders demanding this
generic requirement consisted of managers within the company. Their underlying
aspiration was to replace the current work-procedures with new ones utilizing a
paperless-solution (Tablet) to increase the efficiency and establish new
methodological work-procedures.

To increase the efficiency, the technology must be user-friendly from software and
hardware perspective, achieve seamless handling of data during the operations,
and have a structured foundation from preparatory work in order to allow easier
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implementation of a new technology. These requirements were gathered through
interviewing the related roles from phase 3 in Section 4.2.1. The result was three
lists, presented below in Tables 6.1, 6.2 and 6.3:

Table 6.1: Requirement-list regarding user-friendly software/hardware attributes

Table 6.2: Requirement-list on data handling during maintenance operations
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Table 6.3: Requirement-list on the preparatory work and system interfaces

6.4 Traceability

Traceability is one of the most restricted requirements for aircraft repair activities
and was therefore prioritized as a generic requirement. The various stakeholders
(technicians, managers, regulators, etc.) mentioned the subject several times during
interviews and in documents. The objective of increased traceability is to assure
high quality- and security levels at MRO processes.

To allow and maintain a high traceability, the technology is required to support the
logging of crucial data. Through interviews with technicians and field-observations,
viewpoints emerged where tools, workers, installed parts, de-mounted parts, etc.,
must be logged into the system to allow activity tracking at different time-points.

This resulted into sub-requirements presented in Table 6.4:

Table 6.4: Requirement-list on data logging for traceability
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6.5 Authorization of Tasks

An additional generic requirement that concerns the safety regarding airworthiness
is the authorization of the task. To attain what is required two main topics were
brought up. Firstly, an allowance of seamless communication between related
parties to ease information exchange is needed. Secondly, prevent operators to
close task cards using false signatures. Information regarding workers executing
their correct tasks has been raised early in the project course, both in consultation
with the supervisors but also confirmed from studies on government regulations.
Subsequently, a secure and well-developed signing of the completed task cards
became, therefore, a focus area where the tablet application needed to possess.
Through consultations and market-analysis could specific requirements regarding
signing-technologies be achieved. Besides that, "real-time" supervising as an
instrument for easy access and information exchange was something discovered
through interviews and study-visits. Overall, this benefits the MRO process from
an efficiency-perspective as well as safety.

This resulted into sub-requirements presented in Tables 6.5 and 6.6:

Table 6.5: Requirement-list on validation signatures of work tasks

Table 6.6: Requirement-list on the communication possibilities between personnel
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7 Developing Demonstrator

Following the creation of the requirement-lists in Chapter 6, the demonstrator
development could be initiated. The objective with the demonstrator was to
propose an example to the concerned company on how they could utilize and
benefit from using a tablet-application in today’s MRO process. To fulfill the
needs of stakeholders and end-users, the requirement-lists were used as a
foundation on what the application should include. By covering and fulfilling the
requirements defined from earlier project stages, the outcome of the demonstrator
should present how Saab’s MRO process could become more efficient.

The seventh chapter allows the reader to get a deeper insight into Novacura Flow
Studio, and how the authors have developed the demonstrator from concept to the
final result.

7.1 Novacura Flow Studio

As told before, Novacura Flow is a low-coding application. The purpose of Novacura
Flow is to act as a top layer upon a business enterprise resource planning (ERP)
system, and in such a way, make a bridge between the two systems. Novacura Flow
is interoperable with a lot of different connectors, and thus, makes it compatible
with almost all sorts of programs, databases, etc. Further, one can convert the
connectors to a user-friendly application, which can practically be used through any
device, PC, mobile phone, etc. [50]

Novacura Flow Studio consists of different sections which allows the developer to
control and design the workflow with ease. Version history, server content,
workspace windows and flow elements are at the user’s service to acquire the
low-coding development. A workflow is the process the application should present
to the user and is designed and developed by ”dragging and dropping” different
workflow elements. The elements have different purposes and are easily organized
to achieve the desired outcome. Appendix C presents the key-elements used in this
project’s workflow. For the interested reader, more information on Novacura
Flow’s use can be read about in [50].



62 Chapter 7. Developing Demonstrator

7.2 Concept Development

To start off the demonstrator development, a concept had to be created. Firstly,
discussions with supervisors and managers were carried out, where key process steps
and limitations were specified. By specifying which hangar, what aircraft and which
maintenance execution steps to focus on, a more effective development process was
attained. The consultation was believed to lead to the most optimal result, since all
supervisors and managers had sufficient knowledge about the MRO process.

Secondly, the development continued with creation of a concept workflow of the
covered process. This visualized how the workflow basis should be, and which main
steps should be included. The final version of the concept workflow can be found in
Figure 7.1.

Figure 7.1: Workflow concept of maintenance execution

A more detailed description of each workflow step, and the sub-requirements which
were considered during the steps’ development and design, will be presented below.

Login Step
The initiation step consists of a login step, and its purpose from an overall
perspective is to enhance the security aspect of the application. More specifically,
unique logins allow operators to access their assigned work and restrict
unauthorized personnel from interfering. Beyond that, the logins allow traceability
on each operator in the system.

The following sub-requirements were considered during the development of the login
step (referenced to req. ID): (1.1.1), (1.1.2), (2.1.2), (3.1.1), (3.1.3)

Choose Maintenance Order Step
When the operator has logged in into the application, one should be presented
the available maintenance orders (e.g. aircraft) assigned. The database should
already have defined which operators should work with the related order. So, the
maintenance orders which the operator can choose between should be based on who
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the operator is and in which hangar he or she operates. By having predetermined
personnel for all maintenance orders, a more effective process is achieved since it
removes the need for planning among operators before maintenance execution. The
choice of maintenance order affects the data presented in the upcoming step by
sorting out the work tasks included in the chosen maintenance order. This is fulfilled
by having an organized database where the defined maintenance orders have detailed
structures.

Sub-requirements considered in this step were (referenced to req. ID): (1.1.1),
(1.1.2), (1.1.3), (1.1.4), (1.3.1), (1.3.9), (3.1.3)

Choose Work Task Step
The third step in the workflow corresponds to the choice of work task. For the third
step to function seamlessly, preparatory work, such as sorting assigned task cards to
the logged-in operator, needs to be arranged. Beyond that, all information related
to the specific work task should be available in a readable way. And the application
should only display work the operator is assigned and allowed to execute. Lastly,
the choice of work task made in the third step should lead to its related information
presented in the upcoming phase.

The sub-requirements considered in the third step were (referenced to req. ID):
(1.1.1), (1.1.2), (1.1.3), (1.1.4), (1.3.1), (3.1.3),

Execute Task Step
The final step, executing the task, is the most significant step of the workflow due
to its dependency on most sub-requirements. In this last step, the operator should
receive all crucial information required to execute the maintenance (work task). The
information displayed must be presented in a distinct way to reduce the operator’s
cognitive load and enhance the execution process. The crucial information, such as
material, tools, and manual references, shall be assigned to the related task cards
through the database to eliminate uncertainties for the operator. Beyond that, when
the operator is executing the maintenance order, the application should provide the
ability to upload crucial data. Logging of tools, clock in/out, logging of materials
(installation/removal), report non-routines and order materials, are sub-tasks that
the operator should be able to utilize. By taking advantage of tools as code-scanning
and camera, the work procedure could become efficient and user-friendly.

The sub-requirements considered in the fourth step were (referenced to req. ID):
(1.1.1), (1.1.2), (1.1.3), (1.1.4), (1.1.5), (1.1.6), (1.1.10), (1.1.11), (1.1.12), (1.1.13),
(1.1.14), (1.1.15), (1.2.1), (1.2.2), (1.2.3), (1.2.4), (1.3.1), (1.3.3), (1.3.5), (1.3.6),
(1.3.7), (1.3.8), (2.1.1), (2.1.2), (2.1.3), (2.1.4), (2.1.6), (3.1.2), (3.2.1), (3.2.2),
(3.2.3), (3.2.4)

When all preparatory work was complete, the initiation of Novacura Flow Studio
commenced. An iteration process was performed throughout the development-phase,
to enhance the demonstrator and end up with the most optimal outcome.
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7.3 End Result

After the concept development phase, the authors proceeded with a realization of the
application design and development in Novacura Flow Studio. The final workflow
design represented in Appendix D attained some of the sub-requirements presented
and all the features desired from the concept development phase. As a first step,
when realizing the demonstrator application, local data files were utilized to visualize
how an end result could look like. When the fundamental design was set, the focus
was shifted to building the bridge between Saab’s ERP-system and Novacura and,
in that way, reach a complete system solution.

The workflow from Appendix D is converted into an application. The application’s
main steps are displayed as a story-boarding seen in Figure 7.2 and 7.3. In Figure
7.3, the fifth step is split up in two images (5.1 and 5.2) to cover all information it
includes. Sub-tasks available from the main step 5 are presented in Figure 7.4 and
7.5.

7.3.1 Story-boarding of the Demonstrator Application

Figure 7.2: Story-boarding of application steps 1, 2 and 3

1: In the first step,
the operator login with
personal company ID and
password.

2: As soon as logged in,
"My Work" will appear in
the screen. The operator
chooses which assigned
maintenance order he/she
wants to proceed with.

3: Based on the
maintenance order
chosen, all related work
tasks will be displayed.
The operator picks the
one to execute.
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Figure 7.3: Story-boarding of application step 4 and 5 (split up in two images)

4: In step 4, all
information regarding
preparation of the task is
presented. Zones, panels,
resources and used parts
are shown and should
be "checked off" when
prepared.

5.1: The operator enters
the work task and the
clock in/out feature,
related documents, work
description and available
sub-tasks are shown.

5.2: Lastly when all steps
are done, the operator
documents action taken
and signs off the task card
to close it.

Figure 7.4: Story-boarding of sub-task 1 and 2

ST1 - Register New Tool: In sub-
task 1 the operator can register the tools
either manually or by using a scanner.

ST2 - Order Material Same as sub-
task 1, here the operator can register and
book materials.
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Figure 7.5: Story-boarding of sub-task 3 and 4

ST3 - Part Removal/
Installation: If parts
have been removed or
installed, they need to
be logged to achieve
traceability.

ST4.1 - Report Non
Routine: When a non
routine is found, the
operator first enters all
details demanded in order
to ease the information
flow.

ST4.2 - Report Non
Routine: Lastly, when
all details of the non
routine is done, the
operator could scroll
down in the same page
in order to reach the
camera function. Here
the operator could photo
the defect and describe
the remark.

7.3.2 Technical Advantages of the Demonstrator Application

Figure 7.6: Transformation from old system to new
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Figure 7.6 displays how today’s stage looks like (left picture) and how the desired
process flow looks like (right picture). By removing the paperwork, duplication of
documentation and optimized manual presentation, the application could enable
a more effective process flow. The objective of the application is to enhance the
information flow and scale down the information presented for the operator and
thus ease the work. The goal was attained by replacing the information management
between the operators and the ERP-system, with a user-friendly interface through
building a ”top layer” application. In that way the worker can focus on his main
maintenance task instead of wasting time on unnecessary steps that is considered
time-consuming.
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8 Discussion

The discussion chapter will review the results and present the authors’ point of view
of the information presented in Chapters 5, 6 and 7.

8.1 MRO Technologies

The following subsections present the discussion of the MRO technologies found
through the literature study and market analysis. Also, a comparisons between
technologies and the possibilities of utilization in Saab’s process will be reviewed.

8.1.1 Current Technologies

As seen in Section 5.1, a vast amount of promising and groundbreaking current
technologies are beginning to establish themselves on the MRO market and within
the aviation industry. The aviation maintenance sector and its technologies have
much in common with the more reputable manufacturing industry, as its market
participants are always trying to become more competitive through optimizing and
streamlining its processes. Since this is a common goal among all actors, where
Saab is no exception, the technologies presented have their center of attention on
increasing process efficiency. By supporting and offloading the aircraft maintenance
operators (AMO) in the maintenance operations, an increase in safety, quality and
efficiency could be acquired.

The reduction of human errors were an aspect found to be recurring in the majority
of the technologies, where they addressed some kind of process guidance for the
operators. Especially technologies such as AR-glasses with the process and remote
guidance, VR with technician training, AR projections, and voice guidance solutions
were all trying to reduce the operator’s cognitive load through presenting the correct
execution process. Since safety and quality are the main parameters to achieve an
optimal aircraft maintenance process and result, these technologies should therefore
be warmly welcomed in the industry due to their possibilities to reduce human
errors.

Due to the thesis main approach towards how the use of paper could be reduced
in the process, the authors’ focus during the literature study and market analysis
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were fixated in that direction as well. Therefore, many of the presented current
technologies exhibit possibilities of how a paperless solution could be composed. It
must also be said that going paperless is a very relevant change within the sector
and something many MRO providers are currently striving towards. If the thesis
and its analysis would be structured towards another type of subject, for example,
the supply chain inside the hangars, other types of technologies could have been
more interesting to investigate further.

Through continuously challenging and questioning the technologies investigated,
the authors found the most relevant use-cases in Saab’s MRO process. One of the
most interesting and attractive technologies is AR-glasses since it has huge
groundbreaking potential if implemented and designed in a correct way. This is
believed due to the huge impact it could have on Saab’s manually performed
maintenance since the operator would acquire process steps in a controlled,
paperless, and ”hands-free” way. Unfortunately, what has to be taken in mind
when discussing the technology, is the demanding preparatory work and software
development on the system behind the glasses. Large amounts of data, algorithms
and well-designed user interfaces are the key attributes behind a functional
implementation. Today, a lack of these attributes is the biggest reason why
AR-glasses are not found all over the industry. As a substitute to the AR-glasses
implementation, voice guidance and tablet applications are more mature
technologies and ”easier” to implement due to a less demanding development. Both
these technologies are used today in relevant companies, where it is proven that
they could lead to a more efficient process.

The biggest obstacle to overcome is related to the flexibility of the MRO process
found in the analysis. Saab has a broad supply of maintenance operations which
differs in many parameters. The same thing is found when investigating the aircraft
on which the maintenance is performed, they can differ multiple decades in age and
amount of stored documentation. This is an obstacle due to the immense amount
of preparatory work that would be necessary before a fully working and efficient
implementation is reached. All of the presented technologies must deal with this
barrier. Therefore, a recommended approach is to start off on a smaller scale,
regarding personnel and scope of operations, to perform testing and development.
By taking smaller steps and allowing the end-users to adapt to the utilization, the
final result could achieve higher efficiency without profound flaws.

When evaluating the use-cases of the technologies, the authors found multiple
alternatives of interconnection between them. By combining and utilizing multiple
of the presented current technologies, a more robust and advanced system could be
obtained. One of the most promising linkages is combining AR-glasses with voice
guidance since it covers all requirements of information handling. The smartglasses
would supply the user with all information output, while the voice guidance
system would allow the user to input information as well to include all relevant
information transfer. This would represent a totally paperless maintenance
execution. Another greatly valued combination is tablet applications together with
augmented reality projections. A combination of such sort would attain
streamlining and reducing paper use in a broader aspect of the MRO process. The
tablet application could enhance the more flexible maintenance on the aircraft
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located in the hangar, while the AR projections could enhance the more
standardized maintenance on component level performed on workbenches.

To come to an end with the discussion on current technologies, it can be said that
a lot of promising technologies are available today or will be in the close future. In
order to start exploiting these groundbreaking tools to enhance one’s processes, it is
key to realize the number of resources and endeavor required. If one succeeds with
reaching the technology’s full potentials, it is possible to establish a particularly
competitive position in the aviation MRO market.

8.1.2 Future Technologies

The result presented from the literature study determines that there could be
appropriate future possibilities for MRO processes. The future technologies
presented are currently assumed to be in the concept stage when considering their
utility aspect in MRO. Therefore, there is speculation as to which extent and
degree their impact will have on MRO processes. Furthermore, the unawareness of
the new technology puts pressure on companies to continue to find themselves at
the front edge of research.

By analysing the use-cases of the future technologies deeper, one could find
complements. For instance, [73] alludes that additive manufacturing could boost
the material flow and supply chain by enabling MRO companies to save time in
spare part production. To take this further, one could utilize the DT use-cases. As
[56] assert, by allowing a proactive work-structure, the preparation and initiation
of producing spares would commence even before the aircraft is in the hangar.
Further, such a combination of technologies would benefit and streamline the
planning of aircraft and, in that sense, solve one of the problems MRO companies
today face, namely waiting on spares and materials. Beyond DT and additive
manufacturing, the results cover the inspection aspect in MRO processes that
could get enhanced. To depreciate oneself from defects already existing before
maintenance, the MRO company has to make incoming inspections. These
inspections are mostly manually done, and there are future technologies that strive
to automate them to become more accurate and efficient. Future technologies such
as autonomous drone inspection and roof/hangar entrance scanning are examples
raised.

There are several ways the future technologies could enhance Saab’s MRO process.
Two opportunities for improvement that the authors encountered during their study
visits were the material flow and the ability to collect data and use it properly. These
sectors could become enhanced if DT and AM could fulfill their full potential.

Lastly, these technologies are still in their concept stage, and thus, speculations on
how they can affect MRO processes are still vague and low anchored. However,
companies must find themselves at the front edge of research to maintain their
competitiveness. Because as soon as a company invents and implements disruptive
technology, the leverage and gap between competitors could increase.
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8.2 Requirements

The first step in the project was to deep-dive the pros and cons of some of the future
and current technologies to demonstrate how they could impact the MRO processes.
Beyond that, the group chose to take the project to the next level by selecting and
realizing one of the technologies mentioned in Chapter 5 to show how a paperless
solution could look like in the MRO process. By considering a paperless solution in
the development phase, the first generic requirement was discovered. Beyond that,
the tablet solution must align with other generic requirements to obtain approval
in the MRO processes. With help of study visits and eliciting methods, the authors
concluded the rest of the generic requirements, namely traceability and authorization
of tasks. The data retrieval methods were based on the requirements engineering
process tool and was assumed to be reasonable and suitable to attain the demanded
requirements to get a complete solution. The generic requirements were thereafter
decomposed into sub-requirements which defined the requirements in a detailed level.

As mentioned above, paperless was the first generic requirement. The choice
originated as a part of the project purpose, namely to realize a paperless solution.
The reasons behind the removal of paperwork in the MRO processes are many. For
instance, it causes un-structural work, inefficiencies in work procedures, and from a
sustainability aspect, causes a lot of paper waste. Beyond that, to establish a
position on the front edge of competitiveness, continuous improvements in work
procedures, methods, and processes are required. When the technology,
tablet-solution, was selected, it was time to accommodate the main requirements
and sub-requirements to the system. The generic requirement, paperless, was
divided into three different main-requirement. Possess user-friendly software and
hardware attributes, efficient data handling during maintenance operations, and
lastly, structured preparatory work to allow easy implementation of new
technology. All of these main requirements had an objective to increase the
efficiency of the process. When setting all the sub-requirements on the system, the
staff in the hangar was a key factor. Their preferences were very crucial from
various perspectives. The first factor that the authors considered valuable was the
staff’s knowledge about the system. They are the experts and dedicate most of
their work time to the addressed problem statement. And hence possess most
improvements ideas of the system. Beyond that, one common issue is the
penetration of the working culture in workplaces, and by listening to the worker’s
demands, a "win-win" situation could be acquired.

The other two generic requirements were traceability and authorization of tasks.
These generic requirements were mandatory demands set by authorities. The
purpose behind these generic requirements is to increase process security. In
consultation with managers and research on the subject, more specific
sub-requirements were raised to cover all requirements needed to realize a complete
system. Beyond that, they were crucial to follow in order to create and initiate a
start-up project that could be further developed without having to deal with big
late changes.
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8.3 Demonstrator

As defined in subsection 1.3.1, project aim, one main goal was to develop a
demonstrator presenting a realistic example of an alternative technology designed
for Saab’s current process. To fulfill this aim, multiple parameters had to be taken
into mind throughout the project. Subjects as time aspect, the scope of the
demonstrator, connection to Saab’s systems, and who to cooperate with were all
important factors to continuously discuss and define. When reviewing the results
this has to be taken into consideration, since the selection of technology was highly
influenced by them. Therefore, it is important to reiterate that a selection for a
complete implementation could look different compared to the demonstrator
sought in this report.

Why the selection of technology fell on a tablet application, Novacura Flow to be
exact, was motivated by it being a reasonable first step to take for Saab when
striving for a paperless option. The conducted market analysis brought forth
substantial confirmation from other MRO providers, that tablet applications are
efficient within MRO processes and is an imposing start when becoming more
paperless. To go directly towards implementation and use of for example
AR-glasses could be a too substantial difference compared to how the process is
today. This would lead to an inefficient conversion to the new technology, which
negatively affects the employees and their efficiency. AR-glasses, and the majority
of the other presented technologies as well, are still under development and testing
phases which makes their resource demand even larger. With already existing
complete system solutions and low-coding platforms, a tablet application was seen
as the most optimal and easy-implemented technology of all presented.

All involved parties were satisfied with the end result of the demonstrator
developed in Novacura Flow. By following the course of action stated in the
project’s starting phase, many different aspects from the involved stakeholders
could be taken into consideration. This presented a clear strategy to comply with
and allowed the authors to visualize what the end-product should resemble.
Earlier executed analyses, consultations, and requirement elicitation allowed the
end result to be smoothly interpreted and validated. Which gave an overview of
how the Novacura application could be improved even further and venture closer
to a real implementation.

When evaluating the result and authenticating which requirements have been
attained, it can be said that the final application fulfills a majority of them but
clearly not all of them. This conclusion can be drawn due to the fact that it is still
in an early development phase. The application has to be investigated and tested
for a long time before the optimal design is achieved. Therefore, most of the
requirements also have to be iterated and refined to present more measurable aims.
Although, it can be said that the developed application does fulfill the project’s
goal of realizing a descriptive and realistic demonstrator.

To be able to reach the next phase of becoming paperless, Saab needs to evaluate
if Novacura Flow is the correct application and system to go on with. By adding
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resources and structuring projects to move in this direction, it is possible to enhance
the MRO system when fulfilling their business case. Regarding the demonstrator,
validation towards end-users (technicians and mechanics) should be performed to
acquire good responsibility from the employees and making sure a possible upcoming
implementation goes as smoothly as possible.



9 Conclusion

To conclude the master thesis and culminate the project report, concise answers to
the research questions will be presented. Beyond the research questions, possibilities
and options for further research will be highlighted.

9.1 Research Question 1

What current and future technologies could enhance the maintenance
execution in Saab’s MRO process?

Through executing literature studies on research within the MRO subject,
concurrent to a market analysis discovering technologies and suppliers active
within the sector today, an extensive amount of technologies fitting for a MRO
process was found. Following the defined delimitation’s covering time aspects and
project scope, only the most suitable technologies were elected for a more profound
analysis and documented in the report. The screening of the technologies was
motivated through consultations between authors and supervisors, together with
proven possibilities of usage in similar use-cases and industry sectors.

Adapted to the business case from which the thesis emerged, the technologies were
split up into two categories; current technologies and future technologies. Current
technologies had characteristics to allow implementation today or within the
upcoming five years, while the future technologies were of the emerging kind which
needs approximately five or more years before ideal utilization. The technologies
are presented in Table 9.1 below.
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Table 9.1: Summary of the current and future technologies presented in the report

Current Technologies Future Technologies

• Augmented Reality Glasses • Digital Twin
• Virtual Reality • Additive Manufacturing
• Tablet Applications • Autonomous Drone Inspection
• Augmented Reality Projections • Roof/Hangar Entrance Scanning
• Voice Guidance
• Hand-Held 3D Scanning

The technologies presented in the report are all believed to have a possibility to
enhance the maintenance execution in Saab’s MRO process. Each technology have
unique abilities that could increase parameters such as standardizing
work-procedures, removal of paperwork, reducing errors, increasing quality or
streamlining maintenance operations. Differences in complexity of
implementations has to be taken in mind when comparing the technologies.

To achieve the defined goal of realizing a demonstrator, the technology chosen was
a tablet application. An application was developed using the low-coding program
Novacura Flow Studio.

9.2 Research Question 2

What requirements must be set on the chosen technology to allow
implementation, and that could make it more efficient compared to the
current paper-solution?

To allow a smooth development of a demonstrator, and present important
necessities for Saab to focus on in the future, defining requirements were of huge
interest as a result of the project. The requirements were adopted after the chosen
technology, namely a tablet application developed using Novacura Flow Studio.
Based on the elicitation process, comprised of study visits, interviews, literature
studies, and recurring analyses, multiple requirement lists could be attained.

During the initial phase of the project, while executing the current process analysis,
three generic requirements were stated. These three; paperless, traceability and
authorization of tasks to be exact, where found to be the most vital requirements
when the MRO process were observed from a coarse perspective. To attain clearly
constructed requirements-lists, it was decided to keep the scope within these generic
requirements, but break them down into more precise requirements. So, a three-
leveled method was applied to acquire a more comprehensive structure. The lists
therefore existed of the generic requirements as the first level, main requirements as
the second level and lastly sub-requirements as the third level. Due to this project
being in the early stages of the implementation, the requirements can be further
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refined and iterated to attain more measurable attributes

To summarize the various requirements, starting with the generic requirement
paperless, it originates from the aim of the project. Why it exists, is because
reducing paper in the MRO operations could enhance the process making it more
efficient and standardized. Since this requirement mainly affects how the aircraft
maintenance operators (AMO) performs their tasks, it puts pressure on the
technology’s user-friendliness. So, the main- and sub-requirements engages
interests such as user-friendly software/hardware attributes, efficient data handling
and what preparatory work is demanded to allow a smooth installation.

Traceability was seen as an important and recurring topic due to the strict
regulations within aircraft maintenance, and was therefore the second generic
requirement. The objective of traceability was to increase the quality of the
process, and make sure the MRO fulfilled the safety levels aimed for in the aviation
sector. Thus, traceability was broken down into one main requirement of allowing
logging of data in an easy way. The last generic requirement, authorization of
tasks, also originated from regulations and existed to increase the safety aspects of
the process. By making sure the application supports validated authorization, one
could always count on that a licensed operator performs the concerned task and
that no uncertain decisions are made. Authorization of tasks was broken down into
two main requirements, firstly preventing false validation signatures on task cards,
and secondly providing operators with easier communication alternatives.

The final versions of the established requirement-lists are found in Appendix B.

9.3 Further Research

Further developments are necessary to reach the optimum of the project objective.
For instance, the literature study could become more rigorous to cover all
technologies and applications that could affect the MRO processes positively. Such
investigation could further affect the selection of technology and, later on, the
outcome of all the requirements set on the new system. However, the requirements
presented could also become refined and more developed. An actual
implementation with a complete system demands the rest of the all generic
requirements left and detailed sub-requirements covering much deeper insights of
the technical aspects.

Beyond that, there are future developments concerning the application in Novacura
Flow Studio. And that is to develop and construct a workflow that covers all the
crucial aspects and their properties. Such implementation requires planning and
resources to reach the objective.
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A Data Collection

• Study Visit Hangar X

• Study Visit Hangar Y

Following documents presents the outcome from the study visits at the company’s
hangars. All data collected from interviews and observations were documented
during or after the elicitation. Some collected data are censored.



Nyköping Besök 2021-02-01  
  

 Följa MRO-Process (Jämföra med vår Flow-Chart)  
____________________________________________________________________________________________________________________________ 
 

 

CAMO gör en beställning --> Ingenjör (Designer) fixar task cards (inte varje gång) 

--> Beredare sammanställer till Work packages (skriver ut och placerar i pärmar) --

> skickar ut till checkledare som delegerar --> Underhållstekniker/mekaniker utför 

och signerar varje task, lägger in i datorn 

 

 ____________________________________________________________________________________________________________________________ 

 Hur ser en AMT dag ut? (Uppdatering av arbetsinstruktioner osv...)  
 ____________________________________________________________________________________________________________________________ 

 
- Verktyg (momentnycklar etc.) måste loggas när de har använts för att 

spårbarheten ska finnas med. Borde kunna digitaliseras med scanner etc. (Finns 

beskrivning exakt vilka verktyg som behövs?) 

- Förseningar i material, långa leveranstider av reservmaterial (Är det mellan 

lagret och verkstaden eller är det ännu längre bort?) 

- Mycket slå i manualer/instruktionsböcker, ligger på olika platser (online, 

offline, databaser etc.), kan krävas flera kapitel samtidigt som man måste slå 

emellan (därför uppskattas utskrifter så man inte behöver scrolla i pdf) 

- Bra med beskrivande bilder i manualer, vissa är från 60-talet så svåra att 

förstå/tolka 
 
 ____________________________________________________________________________________________________________________________ 

 Hur ser ett Work-package samt task card ut?  
o Finns det tillräckligt med information?  
o Behöver man kompletterande material?  
o Vad är relevant att få presenterat?  

 ____________________________________________________________________________________________________________________________ 

 

- Oftast finns tillräckligt med information i task cards och manualer 

- Problemen/uppgiften skjuts vidare från beredaren till check leader till tekniker 

(check ledaren skriver ibland ut manualerna och häftar med task cards, 

beredarens uppgift?) 



 Tillvägagångssätt 

 Material som behövs/byts ut 

 Verktyg? (spårbarhet, för kalibrering) 

 Sortering var uppskattad men kanske inte relevant/nödvändig?  

 Ibland behöver “extrablad” tillsättas för att hela processen ska presenteras 

o Plocka av dörr --> steg 1, 2, 3... 

 

  
  
  
  
 

  
  
  



Enkla intervjufrågor:  
1. Hur ser en dag ut för en AMT?  

 ____________________________________________________________________________________________________________________________ 

 

- Check ledaren blir ibland som en administratör för inmatning till dator, känns 

som ej effektiv användning av resurser?  

- När konsulter/inhyrda är med måste en annan med certifikat överföra all 

information mellan Sherpa och teknikern, dom har ej access så blir mycket 

krångligt informationsflöde 

- Spårbarhet, ibland “skippas” instruktionerna för att man har erfarenhet och 

gjort samma operation flera gånger tidigare – MEN viktigt att se så inga 

revideringar har gjorts 

- Säkerthets-implementering i “appen” som gör att en annan tekniker måste 

signa på dubbel-inspektion 

 
 ____________________________________________________________________________________________________________________________ 

2. Anser du att det finns förbättringspotential bland dina uppgifter?  
 ____________________________________________________________________________________________________________________________ 

 

Ja:  

- Slippa underteckna överallt och även föra in det i datorn (krav för att arkivera?) 

- Sammanslagning/samlingsplats för manualer för att slippa slå på olika 

hemsidor, länk, databaser etc.  

- Många manualer är gamla (för gamla flygmaskiner) med otydliga bilder och 

beskrivningar. Ofta man har gjort modifieringar etc. Så att det inte ser likadant 

ut.  

- Största problematiken enligt de låg mycket papper att hålla koll på, signering & 

manualer på olika platser.  

- Få en bättre överblick som check ledare 

 Whiteboards i nuläget, hinner ej uppdateras  

 Om man kör skift, bra att se vad som är klart och kvar att göra etc. 

o Kommunikation 



Nej: 

- Ju mer man går mot digitala lösningar desto mer papper tillkommer det. 

Papperslösning är den enda rätta vägen att gå. Digitala vertyg är svåra att 

utnyttja, mycket knapptryck, lösenord som krävs, slocknar, tappar 

internetuppkoppling. 

- (Pga att hållit på med samma sätt (Papper), så sätts rutiner in och därav blir 

omväxling tidsförödande) 

 

 ____________________________________________________________________________________________________________________________ 

3. Kan ny-teknik ha en fungerande roll i din vardag? (Exempelvis: surf-
platta ist för papper)  

____________________________________________________________________________________________________________________________ 

 

- Mycket positiv approach till en förändring (t.ex. Till platta) 

 Viktigt med bra användarvänlighet 

 Storlek på skärm 

 Access till vad som behövs 

 Mobilitet, orkar ej bära med sig sin PC till olika platser idag 
 

- Om signeringsproblemet löses så kan processen bli mer effektiv 

 Smart Card? Saab kortet (tillräckligt godkänt ur ett regleringsperspektiv) 

 Ska ej kunna kopieras  
 

- Rädda att det blir ännu mer papper vid övergång till ny lösning 

 

- Loggningsfunktioner  

 Vid “Findings” 

 Verktyg 

 Effektiv tid etc. 
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 Användargränssnitt 
o Stor skärm 
o Användarvänligt 

 Tag med endast relevanta grejer, idag förekommer massa knappar 
 KOLLA UPP "TRUCKEN" i sherpa 
 Manual - verktyg - material -  

 Tydlig text, inte allt för liten … 
o Enkelt att föra anteckningar  

 (skrivs väldigt mycket idag, över hela manualen) 
 Bocka av vilka steg man är klar med 

o Enkelt att hitta figurer vid referenser (pop-up, ej scrolla sidor) 
 Bra att se både bild och instruktionssteg samtidigt 

o Enkelt länkat mellan olika referenser/manualer 
 Eller visa direkt hur man gör (t.ex. stänger av ström) 

o Kunna ta bilder vid anmärkning och koppla till den nya tasken 
(ANKOMSTKONTROLL) 
 Rita/markera/skriva till bilden för enklare förklaring sen 

o Kontakta beredning/check ledare vid behov av hjälp 
 Remote guidance? 
 Möjligt att inspektera via kamera? 

o Visa tillgängligt material på lager 
 Plats det ligger på 
 Plock-listor att enkelt checka av 
 Artikelnummer etc. vid beställningen ska vara enkelt att hitta 

o Verktyg som krävs ska vara tydligt 
 Bild på hur verktyget ser ut 
 Plats det ligger på 
 Scanna av verktyget som loggas direkt till tasken 

 Detta förenklar spårbarhet vid kalibrering etc. 
o Kunna signera m.h.a finger eller penna 
o Gå tillbaka och ångra det man gjort 
o Avbockning 

  
  

 Hårdvara 
o Kladdiga om fingrarna 
o Tåla smällar och vibrationer 
o Vara portabel (Magnetiskt/snap-fit/klister för att sättas på ställningar, på 

flygfartyget -->snabb åtkomst) 



  
 Sortering av Work cards 

o Vissa mer lämpliga att göra innan andra 
 Ej kunna påbörja en uppgift som förhindrar/kommer efter en annan 

(t.ex. slå av ström 1 vecka) 
o Dela ut work cards/tillgängliga där vissa verktyg kräver certifikat/utbildning 

 Check leadern ser detta/kortet är bara tillgängligt för lämpliga (svets, 
plåtslag, boroskop) 

  
 Spårbarhet 

o Vilket verktyg 
o Vem som lagat 
o Vilket material 
o Vilket batch-nummer 

  
 Enklare att hitta verktyg samt artikelnummer på material från manualer 

  
 Sammanställning/överblick för check ledaren 

o Vilka tekniker/mekaniker jobbar på flygfarkosten 
o Vilka tasks är klara/pågående/ej startade 
o Whiteboard/TV-skärm real-time updatering % färdigt  
o Anropa mer folk om det behövs 

  
 Sammanslagningsplats för all data som krävs 

o Manualer  
 Vissa på papper, vissa online i olika "mappar" 

o Revisioner ska komma in automatiskt 
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B Requirement-lists

• Paperless

• Traceability

• Authorization of Tasks
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Paperless
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Traceability

Authorization of Tasks
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C Novacura Flow Studio Key
Elements

• Following Figures C.1, C.2 and C.3 presents the key elements used
in Novacura Flow Studio.
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Figure C.1: Workflow Element - User Step (Novacura Flow Studio version 6.13,
Copyright Novacura)

User step function (Figure C.1) is used when interaction items should be displayed
in the application, where the end-user receives or inserts information. Interactions
such as headings, lists, etc. can be utilized by the developer. These interaction
items can be combined to achieve a comprehensive desired design. [49]

Figure C.2: Workflow Element - Machine Step (Novacura Flow Studio version
6.13, Copyright Novacura)

The machine step function (Figure C.2) allows modification of variables, but also
uploading and reading data from and to a system [47]. In a machine step, the
workflow developer applies the desired connector, and in such way, makes a bridge
between for instance a database and the Novacura Flow layer.

Figure C.3: Workflow Element - Script Step (Novacura Flow Studio version 6.13,
Copyright Novacura)

Script step function (Figure C.3) can be used for more complex flowscript
programming, where variables can be created or assigned [48]. Flowscript is a built
in scripting language, where expressions could be assigned and calculations could
be executed. [46]
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D Novacura Flow Studio
Demonstrator Workflow

• Figure D.1 shows the workflow design of the developed application
(see Chapter 7)
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Figure D.1: Workflow concept of maintenance execution
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