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INTRODUCTION

I.

I. Introduction
I.II Project objective
and aims

The focus of this report is a master thesis project for a Master of Science examination in
Industrial Design engineering at the Luleå
University of Technology, during the spring
semester of 2014. The objective has been to
develop a physical device for the technicians
of the Swedish Air Force. The objectives and
aims of the project are presented in this chapter
along with the project incentives, stakeholders
and scope.

This project will focus on the various methods
of current maintenance. This study will be focused primarily on this area, but it can also be
interesting to study other alternatives. The aim
is to identify problems and challenges, and with
that as base develop possible solutions.This will
require careful analysis of the work environment, the user, the market, competition, etc.
In this way a device can be designed to provide a better aircraft maintenance, by technicians, reducing the need of paper handling.The
purpose of this project is to facilitate airplane
maintenance, and the goal is to develop a design concept that optimizes usability and interaction between system and operator.
The main purpose of this project is to build
a physical device that is to assist the field technicians when servicing the JAS Gripen. It
consists of developing an existing technology
and use it in a new way so that the technicians
can work on the airplane while having access
to all necessary documentation for the service
and repairs. For it, it will be necessary to take
into consideration several design aspects such as
safety, ergonomics, users, quality, and usability.
One of the goals is to design a product after
having carried out a exhaustive study, in which,
several problems have been found, so in that
way try to improve and create something innovative and useful.

I.I Background
Saab is a Swedish brand, that was shared by
two different companies, Saab Automobile AB
which manufactured cars, and Saab AB. Saab
was founded 75 years ago with the mission to
secure the nation’s supply of military aircraft as
part of our drive to maintain our national security and sovereignty.This company is divided
in different organizations: Aeronautics, Dynamics, Electronic Defense Systems, Support and
Services, among others.
Although this company develops several types of responsibilities and projects, one of its
main objectives is the development, production, marketing, selling, and supporting of its
Gripen fighter.
The maintenance of aircraft is carried out at
the bases and it plays a really important role
for Saab’s company. The main goal in this project is to design a product which facilitate the
Human-Machine Interaction (HMI) in the
context of maintenance.
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I. Introduction
I.III Deliverables

7. Further development of chosen concept,
every detail should be worked thoroughly.

For the appropriate development of this project, it is necessary to carry out a careful and
thorough analysis. This project ‘s main objective is to design a device for the maintenance
technicians who work with the aircraft ,and
it is therefore important that the product will
meet user’s high demands from a formal and
functional point of view.To carry out this project, a great emphasis was put on understanding
the human satisfaction, both for mechanics,
which are those that use the product , as for
those dependent users of it ( such as drivers
, passengers, among others). The final concept
will use existing technology, or technologies
that are currently in development process.

8. A final concept presented using 3D renderings with possible of some recommendations
for manufacturing and further development of
it.

I.IV Delimitations
and limitations
The result will not consist of a complete solution but a foundation for further development.
- The time limit for the project is five months.

I.III.I Sub Deliverables

- No consideration will be taken concerning
software solutions to the interface.

1. Understand the maintenance technicians’
tasks with the aircraft, as well as, the current
market related to the high technologies.

- No consideration will be taken concerning
electric components.

2. Identify the wants and needs of the users.

- No consideration will be taken concerning
economy and costs.

3. Analyse the high tech market related to augmented reality and define the different segments that have been found, their strengths and
weaknesses.

- The structural calculations are not included.
Scale plans will be created to define the measures, but not the construction plans.

4. Set up a list of requirements and preferences
for the future concept.
5. Use several creative methods find interesting
and innovative solutions.
6. Represent these ideas by the use of sketches,
and visual representations, for an easier understanding of the concept.
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I. Introduction
I.V Military Base’s
definitions

Within the Air Defense System, we can find
different military bases distributed worldwide.
This project is aimed at the Swedish military
base, located in Luleå, but it would be also of
great interest to consider other organizations.

A military base is a facility created for the military or for some issues related to them, which
houses military equipment and personnel. Different people who are working there, have
the possibility of receiving a complete highquality education, and they are trained to be
soldiers. In general, a military base can be used
for various purposes, as training and testing
ground, command center, or accommodation
for some units. In most cases, a military base
has some outside help in order to operate in
the best possible and economical way, to protect and defend their state.

(Forsvarsmakten Official Website and Wikipedia, [electronic], 2014-02-11).

List of air forces
COUNTRY

PAKISTAN

IRAN

This project is aimed at those technicians who
work on repairing aircraft. So while it may
be interesting to study other related fields, to
contrast the information collected and make it
more complete, it would be necessary to guide
and specify that the first market study is going
to consist in studying the Air Force.

FRANCE

SERVICES
- Pakistan Air Force
- Pakistan Army Aviation Corps
- Pakistan Naval Air Arm		
- Pakistan Coast Guard (Aviation Service)		
- Maritime Security Agency (Aviation Service)
Pakistan Rangers (Aviation Service)
- Islamic Republic of Iran Air Force
- Islamic Republic of Iran Army Aviation		
- Islamic Republic of Iran Navy Aviation		
- Aerospace Force of the Army of the Guardians
of the Islamic Revolution
- French Air Force
- French Army Light Aviation
- Air Gendarmerie
- Free French Naval Air Service

Different Military Forces

UNITED
STATES

- United States Air Force
- Army Aviation Branch		
- United States Navy		
- United States Marine Corps Aviation
- Air National Guard
- NASA		
- Civil Air Patrol

Army
Force

Air
Force

CHINE

Navy
Force

Figure 1. Different armed forces
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- People's Liberation Army Air Force
- People's Liberation Army Naval Air Force
- People's Liberation Army Ground Force Aviation

I. Introduction
Swedish Air Force
The Swedish Air Force (In Swedish: Svenska Flygvapnet), is formerly known as Royal
Swedish Air Force. This air army, of the armed
forces of Sweden, has its origins back to 1916.
It was the time at which the existing Swedish
navy and the military aircraft joined.

ORGANIZATION
FIGHTER UNITS

Despite the drastic reduction in the Swedish
Armed Forces and the radical change in the
defence policy, the concept of “Total Defence” remains fundamental. In this country, it can
highlight its ability to neutrality and its independent international policy during two World
Wars and the Cold War.

- Skaraborg Air Force Wing (F 7 Såtenäs)
Operates JAS 39C/D.

1

- Blekinge Air Force Wing (F 17 Kallinge)
Operates JAS 39C/D.

2

- Norrbotten Air Force Wing (F 21 Luleå)
Operates JAS 39C/D.

3

3

HELICOPTER UNITS

Sweden’s main success is due in large part to
its high level of self-sufficiency provided by its
defence industry . Despite the growth in the
complexity and the excessive expenditure on
armaments and military equipment, Sweden
still maintains its self-sufficiency in this area
to develop elements such as multi-purpose
aircraft Gripen or the independent submarine
Gotland. Even the military forces of the great
military powers don’t have this kind of advanced equipment.

4

- 1st Helicopter Squadron (F 21 Luleå)

3

- 2nd Helicopter Squadron (Malmen)

4

- 3rd Helicopter Squadron(F 17 Kallinge and F 7 Såtenäs)

1

2

2

1

- NHI NH90: Transport helicopter

- Gulfstream G-IV SP: Signals intelligence / VIP
- Gulfstream G550: VIP
- Lockheed C-130E/H Hercules: Transport
- Boeing C-17 Globemaster III: Transport
- Sikorsky UH-60M Black Hawk: Transport helicopter
- AAI RQ-7 Shadow: Unmanned aerial vehicle

(Forsvarsmakten Official Website and Wikipedia, [electronic], 2014-02-11).

- Eurocopter AS 332 Super Puma: Transport helicopter /
Medical evacuation

- Saab JAS 39 Gripen: Fighter / Trainer
- Saab fpl 100: Airborne early warning and control / Transport
- Saab 105: Basic jet-trainer
- Skeldar: Unmanned aerial vehicle

- Agusta A109: Transport helicopter

- Elbit Skylark: Unmanned aerial vehicle

Figure 2 -3 . Swedish Air Force. Wikipedia
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I. Introduction
Swedish Air Force
F21 LULEÅ
After studying the organization of how the
military air force is distributed in Sweden, it
has been seen that one of its main units is located in the city of Luleå, in the northern part
of the country.

The Armed Forces are an authority, so the Government is the responsible of how their activities are going to be run and what kind of
tasks are going to be performed.

This unit is formally known as Air Force Norrbotten Wing or more simply as “F 21”. This
wing of Sweden has two squadrons of multirole aircraft. The pilots begin their training in a
school known as “F7”, where they are instructed with the JAS 39 Gripen. After that, they
are moved out to one of the operational wings,
where they can complete and conclude their
final skills.
Norrbotten Wing has one of the largest exercise areas, in which bands of the Swedish Air
Force and other countries practice. Their main
task is to be responsible for Sweden’s military
defence. They are capable for armed combat,
and this is what primarily sets the Armed Forces apart from other authorities.

Figure 4 . Swedish Air Force. F21 Luleå

The Swedish Armed Foces receive circa SEK
40 billiion to perform these tasks, around half
of that amount goes to research, development
and material systems.

PRINCIPAL TASKS OF THE SWEDISH ARMED FORCED
If the Sweden’s borders are violated or attacked, the Armed Forces have a duty to ensure the peace
and the security of its country. In the event of a disaster, they have to assist through different forms
of support missions. They also send troops on peacekeeping and they carry out missions beyond
their borders.
(Forsvarsmakten Official Website and Wikipedia, [electronic], 2014-02-11).
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II.

THEORY
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II. Theories
The content of this chapter introduces a literature review of the different information that
has been used in this project. This important
compilation is presented to familiarize the reader and to give him basic facts to understand
where is the basis of the results obtained in this
project.

disability. There are four characteristics of accessible designs, that should be taken into account in our future design. (Lidwell et al. (2010) )
Characteristics of accessible designs:
- Perceptibility
- Simplicity
- Operability
- Forgiveness

II.I Design Theory
Dieter Rams and his 10 Design Commandments have became a very popular standard to
define what is good design.

II.III Comparison
This method consists on identifying relationships and patterns in or between several systems.
One of the best ways to understand this comparative method is to represent information in
controlled ways, like this, the comparisons can
be correctly made. In this project, the key technique will be “Benchmarking”.

Good Design is...
- Innovative
- Useful
- Aesthetic
- Easy to understand
- Unobtrusive
- Honest
- Durable
- Thorough to the last detail
- Concerned with environment
- As little design as possible. Simplicity

Benchmarking is the process of obtaining useful information to help an organization improves its own processes. This information is
obtained from the observation of other institutions or companies. It is interesting to analyze
these companies because they are identified as
the best (or good enough) in the development
of those activities. It aims to achieve maximum
efficiency in the exercise of learning from the
best and help to know from where you are to
where you want to be. (Lidwell et al. (2010) )

Every design theory is related to a process,
which is a system of defined tasks and steps
with which everybody can convert ideas into
commercially viable goods or services. All processes start with a need and finish with an objetive or goal. (Design sojourn, Dieter Rams and his
10 Design Commandments [electronic], 2014-06-10).

II.II Accessibility
The principles of accessibility states that the
objects should be designed to be usable by
as many as people as possible, without special
modification ( known as barrier-free design).
The main idea is to design to benefit everyone,
not only focused on people with any kind of

Figure 5. Comparison. Chose the best way.
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II. Theories
II.IV Freeze-flightfight-forfeit

Quality in use
effectiveness,productivity,safety,satisfaction

When people are exposed to threats and
stressful situations, they tend to respond in a
way understood as the famous phrase, ‘fight or
flight’. There is another expression known as
“freeze-flight-fight-forfeit”, which describes human’s responses and also the general sequence in which they occur.
This method is used in the design, when the
product or system implicates any performance
under stress, such as the design of life-critical
control systems (air traffic control), emergency response systems, etc. It is essential to try
to avoid overusing of useless elements that can
distract the user. One of the main goals is try
to minimize the effects of errors. (Lidwell et al.

Functionality

Reliability

Usability

accuracy
suitability
interoperability
security

maturity
fault tolerance
recoverability
availability

understandability
learnability
operability
attractiveness

Efficiency

Maintainability

Portability

time behaviour
resource
utilisation

analysability
changeability
stability
testability

adaptability
installability
co-existence
replaceability

Figure 6. International standards for HCI and usability

Patrick Jordan defines “usability” based on the
International Standards Organisation’s categories of “effectiveness, efficiency and satisfaction”. “Effectiveness” consists of the capacity of
a product to generate output.“Efficiency” is the
level of effort invested in completing a task. On
the other hand, the concept of “Satisfaction” is
understood as other separate level which makes
feel comfortable when using the product that
has been created. He also explains that there
is always possibility of usability errors, distinguishing between a “slip” and a “mistake”. One
of the main goals of the Usability is to design
products which have as few errors as possible.

(2010) )

II.V Usability
The ISO 9241 provides the definition of usability:
“Usability is known as the extent to which
a product can be used by specified users to
achieve specified goals with effectiveness, efficiency and satisfaction in a specified context
of use.”

Furthermore, the author cites the “10 Principles of Usable Design”:
- “Consistency”
- “Compatibility”
- “Consideration of User Resources”
- “Feedback”
- “Error Prevention and Recovery”
- “User Control”
- “Visual Clarity”
- “Prioritisation of Functionality and Information”

It can be also defined by the ISO/IEC 9126-1
as:
“The capability of the software product to be
understood, learned, used and attractive to the
user, when used under specified conditions.”
(International standards for HCI and usability [electronic], 2014-03-26)
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II. Theories
- “Appropriate Transfer of Technology”
- “Explicitness”

II.VII Virtual and Augmented Reality

Don Norman further interpreted several principles and concepts that are critical for understanding why some design are more usable than
others. One of the best ways that the people
learn is by discovering patterns. So the concept
of “ Consistency” helps user to understand in
a better way how things work by recognizing
and applying patterns. Other basic principle for
a better usability is the “Visibility” that consists of the user can easily see what options and
commands are available. He also gives a great
importance to the principles of “Affordance”,
“Mapping”, “Feedback”, “Constraints”. (Donald

For the correct development of this project, it
is essential to understand the difference between these two concepts: Virtual Reality(VR)
and Augmented Reality(AR). According to the
University of Southern California (n.d.), those
concepts are defined like this:

(An Introduction to Usability – Patrick Jordan [electronic], 2014-06-15)

- Virtual Reality is a computer generated, interactive 3D environment, in which a person
can be immersed. With this kind of technology
it is possible to create photorealistic 3D scene,
and hear, touch, view even smell the created
reality. However, it is very important to understand that this is not real.

Norman’s design principles for usability [electronic],
2014-06-15)

- Augmented Reality consists of supplementing the real world with the virtual one, in
which the several objects coexist in the same
space as the real world. This kind of reality includes virtual elements in the real space. The
augmented reality links the virtual environment and the real one. One of the main advantages of this reality is that runs interactively
and in real time.

II.VI Satisficing
In most of the cases, it is better try to solve
a satisfactory solution than pursue an optimal
solution. When somebody takes the best design decision, it doesn’t mean the optimal design decision has been made. There are several
reasons for which “satisficing” should be considered:

One of the main differences, between these two
realities, is that the augmented reality doesn’t
create a simulation of the reality. Nowadays, the
augmented reality is linked with educational
content, being more and more used in several fields such as; medical field, aviation, sports,
museums, etc.

- Complex design problems often involve
unknown solutions that sometimes are impossible to solve.
- Sometimes, the time restricts the possibility
of finding the optimal solution.

Many augmented reality projects usually use
head-mounted displays or similar displays to
project data into the user’s vision. (Educase Lear-

- Sometimes designers prefer focusing their
efforts on improving “necessary aspects” of the
product than to look for a satisfactory solution with yields diminishing. (Herbert Simon et

ning Initiative. 7 things you should know about Augmented Reality (2005) ).

al. (1996) ).
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II. Theories
II.VIII Ergonomics
According to Högberg, “Ergonomics” is a discipline that analyzes the relationship between
the user, the designed product and the work
place. To create a product or service, it is very
important to consider its ergonomics, to try
to avoid various health problems, comfort,...,
that can appear and like this, try to increase the
efficiency of its design. ( Högberg, (2005))
One of the most important aspects in ergonomics, is the experience that the user has with
the product. It is not efficient to take into account only the shape of the object, but to make
an optimal adaptation to the user possible, but
also it is very important to consider another
factors such as safety, to avoid possible damages
and difficulties.
The “workload” is defined as the set of physical
and mental requirements to which the worker
is exposed when he/she is working.
We should distinguish between two different concepts, the “physical load” and “mental
workload”. The physical load is the set of physical requirements that the person is subjected
throughout his/her working time, such as load
handling activities that require a great effort
or unfavorable to develop this work. Factors
that influence a person’s mental workload: the
amount and the way in which the worker receives the information to work, the time he has
to perform the task and the worker‘s ability.
(Human Factors in Aircraft Maintenance Colin G. Drury,
[electronic], 2014-03-05).
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METHOD

III.

III. Method and implementation
The project was carried out by making a proper
planning of the project by a clear and structured plan, in which the phases were detailed to
make documents that were included in each
phase and a calendar to follow for the rest of
the targets. For this project, a number of different methods were practiced. Initially the main
objective was to identify the primary needs
and what problems to be solved. Further in the
project several different creative methods were
used to facilitate concept generation and during the final part of the project the ideas were
evaluated and visualized.

Airbase during a complete work day to gain as
much knowledge about how is a technician’s
daily work and try to find as many problems as
possible. Although my project was not exactly
the same issue as the others, the main goal was
very similar: try to gain as much understanding about how they work there, what are the
systems they use to communicate each other,
among others observed aspects. It was very interesting and useful for the development of the
projects.
Marshall and Rossman define in their book
the observation as “the systematic description
of events, behaviors, and artifacts in the social
setting chosen for study”. There are two different forms of observation that a researcher
might adopt in a study. In this case, it was both
forms, as a non-participant observer and also as
participant observer.

III.I Competitor study
Riley (2014) states that studying the competition does not mean simply to compare prices
and services. It is necessary to benchmark, this
means gathering information about who are
our main competitors, what they do, how they
do, where they are, what are their strategies,
their strengths and weaknesses, who are their
users, etc. Once you have this information clear
, the next step is to look for any ways to differentiate ourselves and to make better decisions based on the actions we want to perform.
For this project different maintenance systems
and technology will be observed and studied
through Internet, books, magazines, and interviews.

III.III Interviews
This is a multifaceted method as it can used as
a data collection method in a range of different situations (Lantz, 2007). With this, interesting and useful knowledge is obtained about
people’s observations, values, opinions and experiences. (Work and technology on human terms,
1994).

To carry out this project, several interviews
were performed, because compared with others
methods, this one allows the designer to know
directly which are the thinkings of the user for
whom is going to create a new product or service. Firstly, interviews with several people who
are working in the military field was performed
to investigate their workflow and their different
opinions about it. Secondly, another was held
with two technicians at F21, together with a
guided tour.

Furthermore, it is interesting that the study of
the competition is not a task that should be
done only once, it is a constant practice that
will help you be aware of what is happening in
your market and this will allow you to be more
proactive.

III.II Field observations
One group of three students went to visit the

12

III. Method and implementation
III.IV Product Design
Specification

III.VI Brainstorming
Brainstorming is one of the oldest and most
well-known creative tools. The method can
be performed by a group of people, often with
different background, and the goal is to generate lots of different ideas. While group brainstorming is often more effective at generating ideas than normal group problem solving,
Helmut Lamm and Gisela Trommsdorff have
shown that individual brainstorming produces more – and often better – ideas than group
brainstorming. It can occur maybe because
groups aren’t always strict in following the rules
of brainstorming, People pay so much attention
to other people that they don’t generate ideas
of their own. ( Helmut Lamm et al. (2006) ).
When you brainstorm on your own, you don’t
have to worry about other people’s opinions,
and you can be more creative. However it can
be also very interesting to compare these ideas
with more peole, considering that they can
give another points of view. (Mindtools - essential

The process of product design is initiated with
the creation of a product design specification,
also known as PDS. The PDS documents consist of the necessary requirements and constraints the new design must adhere to. Once
all problems have been identified for a specific service or product, it should appear in a
specification of requirements. This consists on
a detailed list of demands of what the solution should be achieved.The list is a living document that is complemented further on as a
more complex solution is taking form. (Writing
a Product Design Specification, [electronic], 2014-0218).

For this project, the specification of requirements describes the requirements and wishes
the future device must meet. It is essential that
all the requirements are written to remember
which are the main goals of this project during
the whole project. Some of the requirements
used in product development are: communication, usability, reliability, security, design, and
ergonomics.

skills for an excellent career, [electronic], 2014-02-18).

III.VII Wordle
This creative method consists of creating your
own word clouds (word cloud), which can take
various forms, colours and fonts. It is a tool that
makes the user familiar with a new concept of
visual presentation of highlighted words from a
simple text. The more the word is repeated, the
bigger and more prominent the word gets in
the cloud. In this project, this method will be
used to show how often users refers to certain
features and characteristics. (Wordle, 2014)

III.V Mood board
For the conceptual phase, it was very useful to
create a mood board. It consisted in putting
several pictures together in a poster, in which
will be showed the target desires so that served
as a source of inspiration, to facilitate creativity
and innovation. (Design skills - design resources and
training, [electronic], 2014-02-20). For this creative
tool, the pictures were found on Internet and
in some articles.

Figure 7. Example of Wordle method
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III. Method and implementation
III.X Cyclic process

III.VIII Prototyping

design

Prototyping is a method in which is developing
simplified and incomplete models or mockups
of a specific design. It helps the designer to
explore possible different ideas, refine a list of
requirements and specifications, and test funcionality. This is a really useful tool to visualize,
evaluate and improve the design before being
delivered. (Lidwell et al. (2010) )

The design process is a process in problem solving. Like solving problems in other disciplines,
the design process has its own characteristics
and restrictions that must be considered not
only in its development, also in its teaching and
learning. Each process is different, so for each
one it is necessary take into consideration different factors for understanding correctly its
methodology.

In this project, investigating sketching and prototyping were done to generate new ideas and
to explore possible solutions. The main goal of
this method is to find as many possibilities as
possible, to be able to compare them and to
chose the best one.

A cyclical process is, in which the designer experiments and moves forward and backward,
constantly searching for a better solution. The
cyclic process design has a number of advantages over the linear process, such as the results of each iteration of the process lead to
the next one, and there is always the possibility
of improving the design. From the beginning
the cyclic process evaluates the design problem considering all the variables, giving greater importance to certain aspects in each cycle.
Previous decisions are constantly reviewed, repeating the same basic cycle several times with
different levels of complexity.

III.IX Personas
Personas is a technique very used for the development of a service or a product. This technique consists of using fictitious people as
possible future users. This method involves the
creation of different profiles for a small number of archetypal users. The necessary data for
completing these profiles is found by the use
of market researchs, customer feedback, possible interviews, among others. One of the main
advantages of this technique is that the person
who uses it will be able to define and prioritize requirements for his/her project.(Lidwell et

The cyclic process design is divided into several
steps:
- The first stage would be “Needfinding”
caused by the need of change that we find
nowadays.This step involves a problem formulation, i.e. to identify work environment related
problems and also to analyze the market and
the competence.

al. (2010) ).

This method has been used in the Analysis
phase, to study the user of the future device. In
this case, three possible technicians who work
in the Military Base were chosen. It allows to
have a better understanding about which different tasks and activities they could perform.

- The second stage is “Planning” the process.
Another benefit to consider is that in the cyclical process, this step can be constantly modified and improved. The “Data Collection” is
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necessary in each stage of design process.

The process of identifying customer needs includes these steps:

- The following step very important in every
process is the “Evaluation”. We have to identify
the faults as soon as possible, because in that
way it will be easier to rectify.

1. Gather raw data from customers.
2. Describe the raw data in terms of customers’
needs.

- Therefore we will obtain a list of “Requirements/Function/Task Design” which should
be accomplished by the product.

3. Hierarchy of needs.
4. Determine the relative importance of the
needs.

- Once this list of specifications is written, it
will carry out the next stage “Conceptual Design” in which the Ideas’ generation will take
place. Here it is necessary to take into consideration the user, physical form and interaction.

5. Reflect them on the results and the design
process.
(Karl T.Ulrich, Steven D.Eppinger; Product Design and
Development, 5th Edition).

- After evaluating the different concepts and
decide which of them should be developed, the
next step will be “Detailed Design” in which
will be defined in a more concrete and detailed
way the final design.
- Finally it should be decided the final structure of the system or product in the phase of
“Structural Design”. The process finishes when
the final product or system meets all the requirements established previously.
Bohgard et al. (2008/2010)

III.XI Identifying user
needs
Identifying customer needs is an integral part
of the concept development phase of the product development process. Needs are largely
independent of any particular product we want
to develop. Depending on the list of needs are
gathered, several product specifications will
obtained, giving to the designer ideas to generate new ideas and generate product concepts.
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IV. Description of the present
IV.I.II Documentation.
Manuals

We live in a society that is in constant motion, in
which people are forced to live through continuous changes and new learning throughout
their life. Increasingly, they are looking for innovation and new technologies. Technological
development is unstoppable. More and more
companies are interested in these new technologies that are destined to change the way
to find possible solutions and, above all, to get
great economic potential. In the design process
when developing a new product or service it is
important to investigate the different parts that
the problem consists of. In this project the problems have been identified by means of field
observations, study visits, and interviews.

In most cases, when a technician or mechanic
finds an error in the aircraft, they have to use
a manual, in which they can find the necessary
information to help them to make the repair.
Where and how can they find these manuals?
These manuals are available in two different
places; in a document in pdf format that is stored on computers or in a folder with printed
documents (in case the technology fails).
In these documents appear necessary instructions and only explain what is needed to be
done for each task.

IV.I Field observations
This project gave a great importance to the
study of the current situation, as it is essential to understand how the system works and
its organization. For a better understanding, an
organized visit was organized to the military air
base, followed by field observations and several
unstructured interviews. The visit was guided
by a mechanic and a technician, who explained all the details of how they work. Thanks to
them, and others who also participated, all our
doubts were resolved, being able to define this
project from a better informed point of view.

When technicians have to do some repair or
other kind of task, if they feel that they do not
know perform this task in the correct way, they
decide to read the manuals and checklists carefully. Even if they know how to perform the
task, for safety reasons, they prefer taking a look
at these documents, to avoid any possible error.
In the hangar, several computers are distributed
in each room so that if the technician has any
questions and he wants to read the manual, he
has to stop what he is doing at the moment.
Most times, they prefer to print the papers, to
keep them closer when they are working.

IV.I.I The division of tasks

But even though these manuals are of great
help, sometimes they can find some mistakes
(which the technician or mechanic has to write down), to be corrected in the next version.
Another downside is that the paper version is
not fully updated, because they are updated
very occasionally (3 or 4 times a year).

Every morning, all workers are gathered in a
small room inside the building, where the division of the tasks takes place. Inside the team
of workers, there is a group of employees who
are in a higher position, they are known as
“maintenance leaders”, and they are those who
work in offices. They are the responsible for
distributing the tasks between the different techniciansl and mechanics in the military base.

Some of the reasons why they prefer printed
papers are:
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- They can add notes in the manuals.
- If the technology fails, have another source
of information.
- It allows them to move with more freedom,
like this, they don’t have to be constantly close
to the computer.

For the issue of the checks , they have a type
of calendar, in which the distribution of the
various necessary checks appears. Technicians
must follow a protocol. Most of the errors they
find, are not a major problem, and technicians
can manage themselves or with the help of the
manuals. But in the case they find some kind of
problem solving that they do not know, they
should contact a superior, who in turn has to
contact another superior.

IV.I.III Systems used
Within the military base, technicians and mechanics work daily with various systems that
control and manage all data. They currently
work with 25 different systems. Each system is
used for different tasks, for example, flight control system, system engineering, among others.
Nowadays, several systems are used in the military base, one of the most used is the FENIX
system. This system has the biggest control of
the aircrafts.

The technicians can propose possible solutions,
but is the person with more knowledge who
has to give the go-ahead and to approve the
operation. it makes this a very slow system until
it gets out the repair. For example, in some cases, it is enough if they contact to the “maintenance leader”, but in other cases it is necessary
to contact the company Saab. All this communication is done by phone calls.

On the subject of confidentiality, most technicians and mechanics have access to all the
information. Except certain data, that is under
the control of highest political offices.

After all reparations, specific tests are performed to be sure that the service has been correctly performed.

IV.I.IV Checks and repairs

IV.I.V The hangar

When they have to check if everything in the
aircraft is ok, it is essential they pay a lot attention to it, because like they told us:

At F21, the hangar is divided in four different
spaces:

1. The logistics room: is the warmer part, the
employees try not open the outside doors, to
maintain a good temperature inside. Because of
in this city the temperatures are usually very
cold.

“It is so much better to find any error on the
ground, than during the flights”.
In everything they do, they are completly strict
with following the law and the rules. Each
check and repair is different. It depends on
what kind of task they have to perform. As a
general rule, between one and three mechanics or technicians work on each aircraft. Now
there are more or less around 12-16 aircrafts
in the Base.

2.The CFC (Control First Check) room: is the
space in which the aircrafts are almost ready to
fly. There the technicians make the last checks
before flight. There are several kind of inspections, one each morning, one each week,
among others.
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3.The single room: environmental room where
you can find different stuff such as glues, paints,
among others. It is very important a proper
ventilation system.
4. The temperate room: in this room it is possible to have just two aircrafts.There, the longer
repairs are made, which can last between 7-11
weeks (check different systems, change different parts of the aircraft, pumps, computers,
among others).

Figure 8. The hangar at F21

IV.I.VI The line

In the hangar there are also several small rooms
and offices for special maintenance, for example
guns and weapons maintenance, another room
in which they work between tyres.There is also
a storage room for the spare parts. The spare
parts are not named by the same method in the
storage room as in the manuals, which creates a
lot of extra work and misunderstanding for the
technicians and mechanics. There are always
at least two technicians managing the maintenance. There can be technicians working on
different parts of the plane simultaneously.

Once the planes are ready to fly, they are towed
from the hangar out on the line (outside of the
base) with the help of a truck. As a general rule,
a technician and a mechanic are responsible
for reviewing the aircraft, before being sent to
a mission. In these checks that are performed
outside, the pilot also has to participate. He
boards the plane and from inside he communicates with the technicians and mechanics, to
warn if there is some kind of error.

In total there are more or less about 30 technicians and mechanics working at F21. All of
them have their own toolbox with the most
necessary tools, but in turn, depending on each
room in the hangar, there is a shelf with special
tools. Every time they pick a tool or a key, they
should write their name, to have everything
under control.

Meanwhile, the mechanical mission is to fill
the plane with fuel, oxygen, and cooling air,
among other tasks. The role of the technician
is to check before and after takeoff, for this, he
rotates around the aircraft, trying to find any
errors.
These checks are made both visually and by
analyzing the software. Outside there is a small
cabin, where technicians and mechanics can
be protected if they have to wait for the pilot
arrives, and because the weather conditions are
critical.

The terminals in the hangar consist of several tables, where you can find a computer with
a screen and a printer. Currently they do not
have any touch system, but probably in the future they will have.
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EQUIPMENT
Outside in the line, the communication is more
complex and difficult, as there is more noise.
Therefore, they have a system and devices for
communicating between them. Firstly, immediately after going outside, it is essential the use
of ear protection, of large size, which protect
the technicians when they are working.
There are also helmets, with in-built headphones. In case you want to communicate with each
other, they have the same kind of headphones,
but with in-built microphone (this is oversized
and it allows a better communication in noisy
spaces).

Figure 9. An example of the line

IV.I.VII The back offices
Inside the building, there are several offices, in
which several workers known as the “maintenance leaders” are responsible for the organization and distribution of the main tasks. There are two types of offices. In the smallest one,
generally two people are working, each with
their own computer, from which they work.
They also have two large screens where they
can control and see evereything in a better way,
and which aircrafts are repaired, in what area
they are, or who are working with them. On
the other screen, they have a camera that records the aircrafts that are outside to control
them.

On of the most interesting things is that they
have a device worn on their suit, allowing
them to choose with who they want to communicate. This consists of several buttons, one
for mechanics, one for the pilot and one for
the office. If they want to communicate with
the pilot, who is inside the aircraft, the aircraft
needs to be communicated to the cabin, and
the communication is through radio. However,
between technicians, they can communicate in
a wireless way, and with the office they often
communicate by phone calls. When the repairs
are being performed, some technicians use
gloves, but it is very important a total freedom
of their hands.

In the other office, which is bigger, there are
more people working with computers. There
are shelves with printed manuals, a computer
in which the most important information for
each aircraft is stored. In this room there is also
a whiteboard, in which some useful information is written about each aircraft being repaired in the hangar, what kind of errors are
found, among other data.

Therefore, the technician has a memory stick
and a “black book”. The memory stick is used
for downloading all data from the flight as well
as updating software to the plane. This memory stick is oversized but the size is good
when using winter gloves and it has a capacity
of 50MB. The pilot also has a memory stick
which he has loaded with his mission’s checkpoints and radio channels.
A schematic view of the activities out on the
line can be seen at the end of this section.
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IV.I.VIII Whiteboards

IV.I.IX Logbook

There is a large whiteboard mounted on the
wall in the room that has been explained in
the previous section. There, you can see all the
aircrafts in the fleet. You can find this kind of
information: plane number, the current status
of each aircraft (clear, reparation, maintenance,
and supervision), some comments, restrictions,
and other information.

At F21, every figther aircraft is equipped with a
small book called “logbook”. In this book, the
technician has to write each time any change
is made in the aircraft. He is one of the responsible people for updating the physical logbook. But the logbook is not only in paper
version, but also in digital form (data security).
The logbook’s data is transferred to the internal
network Fenix every day. Each time a specific
aircraft has to fly, the physical logbook has to
be present always close to the plane, in emergency case it can be very useful. This book has
to be signed by the technicians who have been
working on it, and also by the pilot. That signed sheet of the book is ripped, and has to be
saved for ten days. In this book also appears, the
aircraft’s performance, the maintenance work
and its status, moreover the pilot’s experience
appears too.

They also use different colored markers, so that
information is presented in a clearer way for
everyone. For example, the red color indicates
that it is still not repaired, but the green means
the plane is ready to fly.This information is also
stored on the computers, but the use of a large whiteboard makes it visible to all. However,
it also has its disadvantages, such as the data is
very easy to remove; some data can be understood in the wrong way, they only have a limited
amount of space to write. The information on
the whiteboard is changed frequently, so what
was written an hour before can disappear.
You can also find other whiteboars spread
throughout the building. It is common for
workers to write on them, for example if they
want to get a car and take the keys to the car,
they have to write their name on the board. All
this is for more control on the Air Base.

Figure 11. Example of the logbook used by the thechnicians.

IV.I.X Pocket book
This is a pocket version of the most important
aicraft maintenance. Every technician and mechanic has his own black book, and most of the
time they carry it with them. The black book
consists of checklists which are carried out by
Saab. The checklists include start instructions,
tricks, among others. The technicians also have
the opportunity to add their own notes.

Figure 10. Similar example of the whiteboard at F21
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IV.I.XI The line. PROBLEM SOLVING

1º

Flying in a specific
mission

Control tower.
Landing permission

Landing

Hand signs

On the line

2º

Communication.
Need of a cable

No necessary problem solving

3º

System pre-check

Quick report from the pilot
with the technicians
Error code

Necessary problem solving

ERROR

4º
Report to staff.
Contact to the back office

Write in the logbook

Pilot takes a break until
the next mission

Visual inspection by
technicians

Pilot comes again

Back to the hangar Error research

Problem solving

The pilot sign the logbook

System pre-check

Memory stick
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Figure 12. Problem solving. Example in the Line
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IV.II Interview

it happens that they don’t have the necessary
manual, so they have to contact the manufacturer. But this is not a common situation.

After the tour with the technician and the mechanics who work there, a structured interview
was held with them, to understand in a better
way their workflow at F21. In the following,
the asked questions are presented.

5. How do you communicate each other?
The communication between us is very important, especially to the beginners. We are
constantly asking about possible doubts. Every
day we also speak about what kind of tasks we
have to perform. A lot of times, we use phone
calls to communicate each other.

1. Which tasks are included in your work?
Maintenance, service, and oversight. Some
technicians can also work with teaching and
to become leaders. Technicians have a greater
responsibility and have to sign the documents
which mechanics do not.

6. Would you like to improve anything?
Maybe it would be easier to work with the use
of a tablet than be all the time looking for information in the computers. But never forget
the importance of the manuals.

2. What kind of information do you need?
We always follow the manuals. The manuals
are present when we work on the background.
When we are working outside, for example in
the line, we don’t need the manual, as well as,
inside. In the hangar, the most important are
the manuals, it is also important the information stored in the memory stick, which has to
be connected to a special computer.

We would like to find any way to get the information in an easier way.

7. What is your opinion about the systems currently used?
Today, FENIX system is used here. This is a
closed system that contains the information of
every aircraft (when they are flying, how many
hours, if everything is fine, among other information). This system has the big control of
the aircrafts. Actually, not everyone has access
to this system, for example the “maintenance
leaders” yes.

3. How do you receive the information?
From the manuals or from the “maintenance
leaders”. We work with a lot of physical papers. For us, it is one of the most important
things, later, this information is also stored in
the computers.

We really don’t like this system, because it was
created for civilians and not for milit. So sometimes it is a difficult system to work with.

4.What do you do when you don’t know solve
a problem?
If there is any information that we dont know,
we contact the “maintenance leaders” and we
explain them that we haven’t found the necessary information. So they contact with the responsible of Control Engineering. Sometimes
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IV.III General conclusions
of the visit

- On of the most interesting things is that they
have a device worn on their suit, allowing them
to choose with whom they want to communicate. This consists of several buttons, one for
mechanics, one for the pilot and one for the
office. If they want to communicate with the
pilot, who is inside the aircraft, the aircraft
needs to be communicated to the cabin, and
the communication is by radio. However, between technicians, they communicate wireless,
and with the office they often communicate by
phone calls.

- Too much use of paper. It requires another
system to receive feedback.
- It is important to have information on paper in case of error. If the technology fails, they
have a backup of information.
- It is very difficult to change the mentality of
the technicians in the use of paper.

- Information written in the whiteboard is
changed frequently.

- Very slow and sometimes difficult system.

- Some professional technicians were seen
with a camera, taking pictures to a small piece
of the aircraft.

- They can add notes in the manuals.
- They have to be constantly going to the
computer, in which they look for the manuals
they need. This system doesn’t allow them to
move freely when they are working.

- It is very important to make sure that the
parts are in stock and the technicians have
everything they need to perform maintenance
work.

- One negative aspect Is that the paper form is
updated 3-4 times a year.

- The spare parts are not named by the same
method as in the storage room in the manuals,
it creates a lot of additional work and misunderstanding for the technicians and mechanics.

- If there is any information that they don’t
know how to solve, they contact the “maintenance leaders” and they explain them what
is the problem. So they contact with the responsible of Control Engineering. Sometimes
it happens that they don’t have the necessary
manual, so they have to contact with the manufacturer. But this is not the most common
situation.

- The employees are completly strict with following the law and the rules. They are constantly looking at the manuals.

- The communication between them is very
important. They are communicating all the
time.

- Every time they pick a tool or a key, they
have to sign in a paper, to indicate who is using
it.

- It is very important the technician feels confident with himself and also it is important his
experience.

- They use other kinds of equipment in their
daily work, such as helmets, protection glasses,
gloves, headphones, phones, etc.
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IV.IV Most interesting
observations
In all the observations explained previously,
there are certain observations that were found
of great interest to this project.These are shown
below:

Figure 13. Symbols that represent possible problems detected during the visit to the F21.

POSSIBLE PROBLEMS

POSSIBLE SOLUTIONS

- One of the technicians was seen using a digital camera to take pictures of a small piece
of the aircraft, because he didn’t know how to
solve the problem at that moment.

- A built-in camera in the glasses, like this it
would be possible to record everything the technician wants.

- Another technian was observed while he has
working with a specific aircraft. He was continually moving side-to-side, looking for more
information, printing some manuals, asking
another technicians.Very slow system.

- An incorporated system in the glasses that
allows the technician to make video calls to the
other technicians, like this he can stay working
at the same place, without the need to move.

- An operating system that recognizes the voice and transforms it in text format. Or another
opcion is to take a picture each time they write
in their books.

- Every technician or mechanic is constantly
taking their own notes.

- In the manuals, the instructions appear only
in text format, a lot of text, and almost without
illustrations that make the document easier to
understand and use.

- An augmented reality glasses which make the
instructions easier to understand by the use of
some videos, explanations in real time, more
pictures, among other facilities.

- When some technicians are working, they
need to use safety goggles or special glasses for
their vision.

- A device that is easy to adapt, by using adaptable equipment.

- It is very difficult to change the mind of the
technicians who are working there.They prefer
traditional methods.

- Don’t try to change completely their labor philosophy. Try to make changes step by
step, like this they can understand that this new
perspective is not worse.
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V. Benchmarking
This chapter covers all the information gathered about the company, the market and its
competitors.The information is gained through
benchmarking, interviews, surveys, self observations, functional and formal analyzes. Other
aspects of the design are also considered, but
not least, such us ergonomics, environmental
analysis, etc. All this information is analyzed and
the data are collected, in order to get a better
and necessary understanding of the situation
and be able to create a user centered design.
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“OUR MISION: PROVIDING SECURITY”
Figure 14. Saab’s core values. (Saabgroup Website)

V.I The company

SAAB 39 GRIPEN

Saab is a Swedish brand shared by two different
companies, Saab Automobile AB which manufactures cars, and Saab AB. The company is
divided in different organizations where Aeronautics is the department for advance airborne systems. They are for instance developing, subsystems, Unmanned Aerial Systems
(UAS), aerostructures and services to defense
customers and commercial aerospace industries
worldwide. Three years ago, research and development centres were opened in India, Brazil and the UK. They are all important parts of
Saab’s future on the world market.

This fighter aircraft was manufactured, marketed and sold by Saab AB. Gripen is one of
the first multi-role aircraft that can be used for
combat, attack, and reconnaissance.

Actually, this company works with the global
market of authorities, corporations and governments. They provide some products, services
and solutions related with the military defence
and civil security.

The flight simulator uses PETRA (Planning,
Evaluation, Training, Rehearsal and Analysis),
which is also a planning and evaluation system.

From the beginning it was not meant to be
built as two-seater version of the JAS 39, later,
taking into account the fact of creating a simulator, it was essential to create a new version
of the aircraft, therefore JAS 39B was developed. After the version of the 39C and 39D,
which can refuel air. The latest version, called
the Gripen E / F, are in development.

One of the main goals of Saab is to meet the
customer needs, trying to improve and adapt
the new technologies. They work for increasing the security in the society, changing and
developing new solutions. (Saabgroup Official Website, [electronic], 2014-02-10).

Current operators
Aircraft to be ordered

Figure 15. Saab 39 Gripen users worldmap
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V.II The market

ting digitally recreated. With augmented reality
we can see an object and get information from
it, as the visual system recognizes and operates
with it. ( Augmented Reality vs.Virtual Reality, [elec-

To understand the market segment of augmented reality, a research study of its meaning,
uses and main features have been done. Firstly
it is essential to understand the difference between the idea of “Virtual reality” and “Augmented reality”.

tronic], 2014-03-02).

V.II.II Similar products
After understanding the difference between
those two concepts, the next step will be to
analyze the different products which can be
found in the current market. The kind of devices that are interesting and relevant for the
development of this project are the headmounted displays, another possible devices related to the augmented reality, and also
headphones, earphones, and microphones. The
head-mounted displays come in a variety of
types from different designers and manufacturers where performance and prices are different. Generally, these variables hang together
and the customer wish get more, when he pays
more for the product.

V.II.I Definitions
VIRTUAL REALITY (VR)
What is the meaning of VR?
A system of the Virtual Reality is an interface that involves real-time simulation and
interactions through multiple sensory channels. These sensory channels are of the human
being: sight, hearing, touch, smell and taste.

AUDITORY

TACTILE
VISUAL

As shown in the appendices, at the end of this
document, different displays have been studied
in more detail for a better approach and understanding. Some examples of head-mounted
displays are the Oculus RIft, Google Glasses, Meta Glasses, Avegant Glyph, Telephaty
One, Crystal Cove and Space Glasses, between
others with very interesting features. Therefore,
to fix the clear divide of them, they have been
classified according to the type of the possibilities offered. It has been possible by using a
simple simbology which classify them if they
have glasses, external or internal camera to record videos or take photos, if they need the
use of big headphones or on the other hand
it is enough the use of smaller earphones and
if they incorporate microphone. Thanks to this
study, it has been easier to discover different
designs, sizes, etc.

Figure 16. Sensory channels in the VR.
Parameters for comparing VR systems

- Slew Rate.
- Quality of projected images.
- Number of senses involved.
- Quality of simulating them.
- Quality with which the immersion effects
and handling the virtual environment are
achieved.

AUGMENTED REALITY
What is the different with the Virtual Reality?

It is called augmented reality the process of
adding virtual elements to an existing physical environment, actually it consists of adding
digital information to what we see in the real
world.That factor distinguishes it from the virtual reality, which is a completely fictional set-
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The other one is the company of BMW. This
company introduced a few years ago his own
glasses with augmented reality software that
helps to figure out the mechanics mysteries of
the auto (as long as it’s a BMW).

V.II.III Competition analysis
When it comes to carrying out a competition
analysis, reference is made to study those companies that produce and sell similar products
to what is wanted to be designed in a future,
in this case an augmented reality device. The
competitive analysis is the analysis of the strategies, advantages, strengths, weaknesses, and
other characteristics of current and potential
competitors. Based on that analysis, made decisions and design strategies are competed in
the best possible way. Although the competition analysis is compiled in the Apendix, there
are two companies that use an augmented reality device. The first one is XM Reality, which
has a helmet with a camera, a computer, and
video goggles.

1. One worker finds that there is

4. Using

a breakdown, but he doesn’t
know how to repair it.

augmented reality,
the expert explains him how
he has to act.

2. The worker calls one expert,

5. At the same time that he is

and he prepares himself for
the operation. He prepares his
special equipment.

These lenses with a mini-projector incorporated help the client to identify the parts of the
car that need to be repaired. The lenses give
him/her the necessary instructions for it, like
he/she has a mechanic expert who is teaching
him and showing him how to remove the
components. With these glasses, the component that needs to be changed, is indicated and
the system tells him the guidance in the process, “saying” the kind of tools needed, its size,
and how to do it. (Autocosmos, Augmented Reality
BMW, [electronic], 2014-04-01).

Figure 18. Augmented Reality BMW

receiving orders from the
expert, he is repairing it.

V.III The user
3. The expert helps him with the

operation, no matters where
he is, because it is remote guidance, by using a computer.

It is very important to know who is the target
of our product, to have a clear concept of who
and where we wish to go, in order to exploit
the new opportunities for ensuring greater
competitiveness at the same time as we reach
the user needs successfully. Initially we should
distinguish between two types of users/beneficiaries.

6. Finally,

everything is correct, thanks the expert
technician who was by the
worker’s side to help him,
every moment.

Figure 17. Sequence of events analysis by XM Reality
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1. USERS WHO DECIDE THE

- It will be a person responsible for the daily
performance of mechanical problems in the
aircraft, so in general, they are professionals.
- It will be focused on maintenance technicians, different employees who are working in
repairing several problems of the aircraft and
of the base. A more specific study of the different tasks which they perform and what kind
of equipment they usually use, are attached in
the Appendix.
- For all these factors it will be briefly presented a survey (the survey is attached in the
annexes).

PURCHASE OF THE PRODUCT
Features:
- They don’t have any contact with the product once the purchase has been carried out ,
so we must analyze the factors.
- What motivates them, what their priority
valuesare, what factors decide the purchase, etc.
- It will be a person with a high position at
work and with judgement to make the purchase.
- Take into account the price of the product
and if it satisfies the main function: to facilitate the process of maintenance technicians. We
also should take into consideration secondary
questions, such as, ergonomics, shape, color,
texture, etc.

Conclusions:
- Its main motivation is functional.
- It is taken into account that the user has to
feel safe and confident, the task of repairing has
to be a comfortable and fast process, trying to
minimize the essential effort of the technician.

Conclusions:
- Their main motivation is finances.
- The person, who is going to choose the
product, is going to make a comparison with
existing products in the market, and he/she
will look for products that have good value for
money.
- They look for a product which is meeting
the needs for a long period of time, to make
profitable the investment.

V.III.I User survey
To understand in a better way the user of our
product, it could be very helpful to prepare a
list of questions that would help to understand
issues such as purchase motivations, criteria ...
etc. In this project I have tried to get closer to
the user in two different ways (more information in the Appendix II):

2. USERS WHO PERFORM

- By the procedure of design technique “Personas”. It is a technique that employs imaginary
users to guide decision making regarding features, interactions, and aesthetics. (William Lid-

THE TASKS

Features:
- This is the user who is in direct contact with
the product.
- We mainly study the position in which we
will find the user when he /she is making use
of the product, what needs the users try to seek
to satisfy at the time of use and what kind of
facilities can be used to make the product as
pleasant as possible.

well, Kritina Holden, Jill Butler; Universal Principles of
Design)

- A survey of various people working in this
field.
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V.IV Other analysis

- Technician’s knowledge and skills.

V.IV.I Environmental
analysis

For this kind of analysis, a number of conclusions have been written about some aspects and
components that make a product more ergonomic than others (they are attached in the
Appendix III).

Nowadays it is essential to design products
that respect the environment, for example, use
non-polluting materials and manufacturing
processes, or at least, the less contaminants as
possible. When we think about protecting the
environment, in many cases, we believe that all
that raw it is a recycled material, but there are
more factors, so we have to take in account the
whole product life cycle.
It is interesting to study the influence on the
environment in areas such as transportation, manufacturing, packaging, storage, etc.,
not only about materials. Try to minimize the
effects on nature, if they are already in contact
with the environment, we have not to harm
the environment. The manufacturing processes
should be environmentally respectful as well.
In addition, we must also be careful to do this
in parts such as packaging, transportation of
goods, storage, etc.

V.IV.II Ergonomic analysis
Human Factors in Aircraft Maintenance
(PSFs) Contributing Factors :
- Written or computerized information used
by maintenance technicians to do their job,
such us maintenance manuals, service bulletins,
etc.
- Equipment, tools, and parts used by the technicians.
- Airplane design and configuration. Environment and facilities.
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V.V Conclusions

- There are some gloves that detect movements.
- Nowadays there are new technologies that
provide remote control, guidance and support
to solve technical issues. They are simpler and
more cost-effective ways of performing these
taks.

- Augmented reality is a concept that basically
means an “improved” view of the environment,
enriched by additional real-time information
that is superimposed on the usual field vision
and it can be textual, auditory or graphic.

- Different technologies have been designed
to increase the monitoring capability and the
vision for pilots, however they are very sturdy
and heavy designs.

- It is more comfortable to see the reality augmented directly in front of our eyes, than seeing
it through devices such as phones or tablets.
- There are some glasses that use really innovative and interesting systems, such as: facial
recognition, objects in a virtual reality,...

- When the airplane is connected to the finger
(waiting for passengers) there is an operator on
the ground, The first thing he does, is opening
a hatch in the belly of the plane and after he
has to connect a cable, which he is carrying
with a microphone and headphones. He makes
it to communicate, ie, the operator of land has
to “connect” with the plane to talk to the pilot.
This system is slow and uncomfortable.

- There are some glasses that have a tactile
part, so that there is no 100% freedom in their
hands.
- There are some glasses that allow you to adjust the screen like you want or they have interchangeable lenses.
- There are some glasses that allow you to
move in virtual reality, depending on how you
move your body in reality.
- There are some glasses in which you can use
the screen and the audio at the same time, but
there are other, which are earphones or glasses,
but not at the same time.
- It is important to choose a proper technology, to prevent the user from dizziness, visual
fatigue, etc.
- There are glasses which needs a USB connection with another machine. However there
are also some wireless.
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V.VI Problem identification

- In many cases, the technician needs to communicate with another person who is in

Once all the information has been gathered, after studying the current situation, I had
made a list of several problems found, possible
things to improve, or aspects to consider when
making the design of the product. Solving the
problems below and fulfilling the list of requirements will be the main issue during the development process.

another location, for example in the back office.
- Heavy tools are used, and they complicate
their work.
- A system is used to verify that every task has
been performed.

General issues

- Several technicians can be working on the
same subject, in the end it is difficult to tell
who was responsable for a specific task.

- In this area, a great importance it is given to
the hierarchy between the different members
of the military base.

- Poor or no links between documents in the
pdf-database.

- The maintenance training wasn’t entirely
designed with the technician in mind.

- It is difficult for the technician to explain
errors to each other over the intercom.

- Lack of speed. Slow and costly process.
- Extensive use of paper in their daily work.

Wants

- A specific kind of equipment and tools are
already used by technicians, such as: helmet,
earphones, gloves, among others.

- A system that could store all the data. No
need to search or ask it again.

- Differentiate what kind of information can
have each member. Not everybody can have
access to the same information.

- A product that does not cause any dizziness, visual fatigue or pain to the user. They are
working for long times and they need to be
efficient and effective.

-Technicians work on a very noisy work environment. Furthermore in many cases, they
communicate each other orally or by gesture.

- Prevent distract or annoy people who are
also working. Protect the user from possible
damages like listening too much noise.

- The part of the body more used by technicians is the hands.

- A design that is compatible with the rest of
the technician’s equipment.

- Overall a very poor user interface.

- Maximum freedom in the use of hands.
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- Reduce the amount of time required for
each task.

- Make all documentation available at all times.
- A tool for visualizing the manuals and instructions that provides the possibility for the
technician to work with both his hands.

- Information on paper for backup.
- A product that can be used by different
people.

- A system that gives feedback when following
the instructions from manuals and maintenance
documents.

- A system that allows the technician to check
whether all tasks have been properly carried
out and by whom.

- A system to find the right tools and parts for
reparations and maintenance.

- Record all their movements and tasks performed in the aircraft. In the event of an error,
it would be easier to find what was the problem.

- A functional system both in field or battle
situation and at their home base.
- No products which you need to catch them
with your hands.

- A system that detects what parts of the aircraft have already been repaired, and which
have to be repaired. By using different colours,
shapes or another kind of differentiation.

- Not create a totally virtual reality. The true
arrangements have to be done in a real machine.

- A system which provides the technician
a step by step guide, to help him when he is
working.

- Not touchable systems.
- A product that doesn’t limit mobility of the
technicians.

- Technician can write his own notes.
- An easier solution to communicate between them. In some cases, several technicians
are working on the same subject. It would be
interesting if both of them could see what the
other one is doing, or share information between them.

- Not cover the eyes of the tehnician 100%.

- Facilitate communication between employees on the line, in the hangar and in the backoffice.
- The technicians have access to all the information needed to perform the maintenance.
- Improve the management of the maintenance documents.
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VI. Requirements
VI. I PRODUCT DESIGN SPECIFICATION (PDS)
The PDS give a list of specifications that help define the status of the project in an orderly, clearly
and a specific manner.
With the PDS are intended to make clear a number of features such as:
- Limiting the project, organizing resources, controlling the design process and orienting it
towards the goals.
- Getting a description of the product, which is critical in the process of product definition.
- Assuming a benchmark for the information and documentation of the project.

SPECIFICATIONS

DEMAND(D)/WISH(W)

COMMUNICATION

Provide visual communication
Provide communication through audio
Provide communication through voice
Easier way to share information
Reduce the need for paper handling
Easy to share data
Faster system of communication between staff

D
D
D
D
W
D
D

USABILITY

Have an intuitive interface
Possible to hadle with gloves
Greater freedom in the use of hands
Provide all the information needed
Useful in the different air force bases
Compatible with the rest of the user’s
equipment
Be possible to write his own notes

D
W
W
D
W
D
D
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RELIABILITY

Be able to sustain all the weather’s conditions
Be waterproof
Be shockproof
Be chemical and oil resistant
Be stable
Rechargable battery
Be dustproof
Be wireless

D
W
W
W
W
W
W
W

SECURITY

Verify the user
Make dat backups
Register times and dates
Protect information
Check the tasks

D
W
D
D
D

DESIGN

According to the user
Comfortable to use
Easy to use
Give feedback
Innovative and modern product
Be an enduring product
Have good value for money
Not be a complex design
Have a light weight
Provide a way to undo errors

W
W
D
D
W
D
D
D
W
D

ERGONOMICS

Protect the user from possible damages
Can be adjusted easily
Easily transportable

D
W
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VII. Concept development
Once all the analyzes have been completed, the
functionality and performance requirements
have been formulated and the customer’s needs
and wants have been completely understood,
it is time to carry out the next step in the design process, the “conceptual phase”. It consists
of a creative phase which includes the main
idea-generation work and to concretize these
knowledges down to more solid and real concept solutions. (Mats Bohgard (2009) ).

VII.I Idea generating

Figure 19. Moodboard related to the military field.

VII.I.II Brainstorming

In this conceptual phase (synthesis phase) the
concepts were generated in different steps by
the use of different design methods. These
methods are very valuable in this developing
process for the design of the device for aircraft maintenance technicians. It is important to
consider all the human factors, ergonomics, technical aspects, user perceptions, among others,
to get a good final design.

Whenever a problem is identified, a variety of
solutions have immediately emerged.Thanks to
this creative method, many ideas related to the
military issue were generated to solve several
problems, such as slow system of communication between staff or too much use of paper.
In this case, it was just necessary a only member who performed a brainstorming session,
for almost 25 minutes. How you can see in the
picture, a big amount of words were written,
which helped to develop possible ideas and
concepts, for example: freedom, hands, gloves,
wireless, virtual, project, extensible, etc. The
main words used were aircraft and technician,
thanks to them, this method was started.

VII.I.I Moodboards
For the conceptual phase, it was very useful to
create a mood board. It consisted of putting
several pictures together in a poster, in which
will be showed the target desires so that served
as a source of inspiration, to facilitate creativity
and innovation. (Design skills - design resources and
training, [electronic], 2014-02-20). For this creative
tool, the pictures were found on Internet and
in any interesting articles.

Figure 20. Brainstorming
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VII.I.III Wordle

VII.II Concepts

Each one of the words used in this wordle represent important qualities that is asked for by
the users. How you can see, one of the most
important was “Security”, which is one of the
main goals for the aircraft maintenance staff.

After using the different methods to ideate
new ideas, it is the time to start drawing several
sketches and raise the first concepts.
Some general ideas (in addition to the requirements written in the previous phase) to be had
before I started designing the concepts were:
- The user could choose which parts of the
product he wants to use.
- Something capable to use with another protective elements (elastic zones).
- Provide visual communication, audio and
voice.

Figure 21. Wordle related to military field.

- Reduce the need for paper handling.

Another method that also requires the use of
several words, is to write a list of words which
are related to a main theme. The main objective of this project is to design a physical device, in which three human senses are necessary: sight, hearing and speech. So several words
were written related to the different senses and
which define in a different way the design of
the final device. For example: removable, protection, flexible, fixed, adaptable, modular,
throat, wireless, cable, among others.

- Don’t forget that the technician is working
in the reality, so we shouldn’t create anything
completly virtual.

Figure 22. Workshop to find new ideas.
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VII.II.I First concept
This concept consists of headphones that also
can be used as 3D glasses, allowing the technician can receive information when he is working on the aircraft.
One advantage of this idea is that it is detachable, it means that the user can choose which
parts of the product he wants to use, depending
on what is needed at the moment. That is, for
certain tasks, it can be used as headphones, in
others, such as 3D glasses,or even all together.
As for the microphone, several ideas have been
thought, or it could be integrated in the design
itself, or if not it will be discussed and study
later, as it might be adapted.
One of the main disadvantages of this concept is that it is more robust than the rest and
it makes difficult to use for the technician, in
the case he needs to wear a protection helmet. Although the sketch on the left, the glasses
completely cover the whole view of the user, it
could be redesigned so that it is only half.

Figure 23. First concept
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VII.II.II Second concept
This concept is inspired by the Google Glasses.
It has been studied that these glasses are increasingly being used in more and more sectors
in the market, from medicine to for airplane
pilots. So why not create a design related to
them?.
This design consists of 3D glasses with a builtin camera, with which the user can record
everything he does. One innovation is that it
is also a removable design. The user can choose
what he wants to use. At first sight, it looks like
a bit complex to assemble all in the same product, but this concept would be developed in
the simplest possible way. The glasses are connected to the headphones, which are integrated into a flexible strap. This design also has a
microphone, through which the technician can
give orders to others.

Figure 24. Second concept
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VII.II.III Third concept
This concept consists of a 3D glasses with
built-in camera , which allows the technician
to record everything he is doing.The glasses are
connected to an elastic strap, in which the earbuds are included. These earphones would be
inspired by the model Bose QuietComfort 20,
which perform the dual function ( protection
and listening ).

3D glasses
camera

earphones

The elastic strap allows the technician to use
and adapt it to different head sizes in an easier
way.Another advantage of this is that this design
doesn’t complicate the use of the technician’s
helmet , as it is a strap that attaches around the
back of the head and does not take up much
space.

elastic tape

Another innovation included is the use of the
throat microphone or laryngophone, which
is increasingly used in the military field. This
concept meets several of the design requirements for this project, such as data protection ,
comfortable to use, it can be adapted to other
elements of protection, and most importantly,
the use of the hands is not necessary and it is
away from the heavy designs currently used.

laryngophone
/throat microphone

Figure 25. Third concept

The drawn up model
has been inspired by the
last one, but in this case,
the design has been
halved. More simplicity and less weight.
The thing is to know
if with this, it would be
enough.

These earphones are not
fixed, that is, the technician could choose if he
wants to use both of them,
or only one, depending on
each moment.

Figure 26. Third concept

Figure 27. Third concept
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VII.II.IV Fourth concept

VII.III Concept evaluation

The last concept consists of a more complex
model, from a technological point of view. It
consists of 3D glasses, which do not have to
completely cover the wearer’s vision, (as you
can see in the second sketch). With this design, the technician will also be able to choose
which elements he wants to use each time. As
shown in the second picture, the glasses have
a button, which when it is clicked by the user,
automatically makes the headphones appear
to both sides of the glasses. The microphone
would be integrated into the design itself.

Once the four concepts have been showed and
presented with several illustrations and sketches accompanied by some texts which explain
them in a more specific and detail, it is time
to analyze them and to compare its advantages and disadvantages. The overall impression
of the four concepts was quite good to chose
the definitive. For that reason it was neccesary
to use a comparative method, in which the final concept was found. This method consisted of a weighting grid in which the concepts
were evaluated according to different necessary requirements such as Practicality, Innovation, Commercial viability, Ergonomics, among
others. Finally, the concept with highest scoring was the concept number 2, which will be
developed later. The weighting grid appears in
the Appendix V.

Unlike other concepts, this design does not
have an elastic strap, is a more rigid design, but
at the time to develope it, more flexible parts
could be incorporated in it, to make it easier to
adapt for the technician.

3D glasses

button

earphones

Figure 28. Fourth concept
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VIII. Further development
At this stage of the process, a detailed design
is going to be done, which determines the final design of the product. The detailed design
results in a final design which, after thorough
evaluation against the specification of requirements, can move on to structural design. Further development means detailing and specifying of the choosen concept, which includes
several technical and design solutions. (Mats

The design of the glasses consists of a very aerodinamic and lightweight shape. In the frame
of the device the technician can find any features, such as:
- A built-in camera, which take all the pictures and videos the technician wants.
- A battery that lasts approximately one day.
Included micro USB cable and a charger in
case it is necessary to charge it.
- With 12 GB of usable memory. So there
won’t be any problem to store all the information the user needs.
- Connected throught Bluetooth.
- At first, it was studied a glasses that are completely wireless. However, in case that it is not
possible, the frame of the glasses would have a
built-in a small memory card slot. So that the
user would only get the information he needs
in a very easy way.
- Great importance to the ergonomics.
- It facilitates the adaptation to the face and
a foam padding on the front offers maximum
comfort.

Bohgard, (2009) ).

VIII.I Formal and
Functional Design
In this conceptual phase (synthesis phase) the
study for the functional and formal development of our design was done. The choosen
concept consists of three different parts, which
are going to be developed as precisely as possible:

- The 3d glasses
- The earphones
- The microphone

VIII.I.II The earphones

The shaping of the final device is important
when designing to fulfill the customers’ expectations of usability. It has been a big challenge since there are many features and functions
should work together in harmony.

One of the most complex and difficult parts related to the design of this device, was the design
of the earphones, by which the technicians may
receive information in audio format. It was also
sought that the earphones fulfilled the function
of protection against noise. In many cases, these
technicians work in hard work performances
where the noise plays an important role. When
they are in the hangar, the sound of the aircraft
is so high, that they have to be protected so that
their ears are not damaged. As explained above,
they use protection headphones of a very large
size.

VIII.I.I The 3d glasses
The design of the glasses has been inspired by
the model of the famous Google Glasses at any
time, due to its simplicity and elegance. The
possibility to create something totally different
was raised, but the Google Glasses are becoming more and more used every day in different fields such as, workshops, aviation, medicine, etc.

Such that, the possibility of creating earphones
with less robustness was studied, like this, they
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would be easier to use for technicians, taking
into account that sometimes they use another
kind of equipment such as helmets.

This new model of earbuds has appeared on the
market with a dual function. These earphones do not only allow the user to disconnect
completely from his surroundings, but when
he wants, through “aware mode”, he can tune
back in to the environment, just with a quick
tap of a button. (Bose QuietComfort 20, [electronic],

Different proposals were drawn, by using sketches a better perspective, of what was really
wanted, could be taken. Very different designs,
earphones of different sizes, some of them even
cover the entire ear. One of the main dilemmas, that made the choice more difficult, was
the fact that the use of gloves. Sometimes, the
technicians need to work using oversized gloves, or due to cold weather conditions. So that,
if a small model was designed, this could be a
problem for the technician when he has to take
it off and put it in his ear. Therefore, a larger
design was thought, but that was not what we
wanted. Finally we chose the option of designing smaller earphones, since most of the technicians are working without gloves.

2014-04-10).

Figure 30. Bose QuietComfort 20. Doble function.

Another two aspects with a great importance
in the design of these earphones were the ease
of use and the own choice of the technician.
If the technician has the possibility to choose
when and how many earphones to use at any
particular moment, depending on the time or
the task he is performing, it may be that the
technician prefers to use both earphones, to
stay completely focused on what he is doing,
nothing of his environment can distract him.
On the other hand, he may prefer to use only
one of the earphones. Thus, the technician can
continue to receive information in one ear, but
the other one may be listening to another person with whom he is working, etc. And finally,
if the technician is working and he doesn’t need
to use any earphones, he will have no problem,
he will be able to work without them.

Figure 29. Sketches for the earphones’ development

One of the main goals in the design of these earphones that wanted to be achieved, was
the possibility that they were capable to make a
dual function in one. This dual function is the
ability to protect the human’s ears from possible external noise and to receive information
via audio format. Finally, this is possible thanks
to the inspiration at the design of the “Bose
Quiet Comfort 20” earphones.
Figure 31. Sketches with several proposals of design

47

VIII. Further development
A possible concept was that the earphones
were integrated into the housing of the glasses
hanging by a string and when the technician
wants to use them, he can take them. However, this design was rejected because it was very
easy to break. Finally, after different proposals,
the choosen idea was to design a specific earphone which the user can wear behind the ear,
whenever he doesn’t need to use it.

This is a type of contact microphone that absorbs vibrations directly from the throat by way
of single or dual sensors. Any advantages of it
are:
- Outdoor spaces, in which the air or other
sounds can complicate the communication.

- No need to communicate aloud, so that is
perfect if they want that information remains
private and it isn’t heard by many people.
- Very used in the military field.

VIII.I.IV Flexible tape
Another innovation that characterize this concept is the possible use of a flexible headband
. By using this tape, the user will have greater
security when he wears his glasses. However,
the main advantage it has, is that being elastic is
much easier to be placed on the head, easier to
adapt to different head sizes, among other advantages. Another decision that meant greater
difficulty, was the design of this tape. At first, it
was thought that the glasses were held directly
by the tape and the user had the possibility to
choose when he wanted to use the throat microphone ( since one of the main characteristics of this concept is the ability for the user
to choose what he wants to use at any time).
Different mechanisms were studied, for connecting this elastic tape with the throat microphone ( for example, the velcro was a rejected
idea because it could be abrasive to the user’s
head ).

Figure 32. Sketch of the chosen earphone

The main design features of these earphones
are:
- Less robusted
- Protection against noise
- Receive information
- Ability to choose how to use and how many
- Easy to use and to remove
- Compatibility with other equipment

VIII.I.III Throat microphone

Finally it was decided that the best was to design normal glasses, with its earpieces, and there
is also a possible use of the elastic tape which
has also incorporated the throat microphone.
The earpiece of the glasses had to be designed
in a special way, to be possible it connects to the
flexible tape. How it is shown in the next page.

One of the main features why this concept is
distinguished from the rest is the use of the
throat microphone. Actually this kind of microphone is not as well known as the one used
by mouth. The choice of this microphone was
made for several reasons, not only innovation
but also for its functionality.
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Figure 33. Different cuff mechanisms

Figure 34. Sketches with the final idea

The system that was thought allowed the users
disassemble completly the earpieces of the
glasses. Like this, the user could add the elastic
tape when he wanted, however this makes it
a slower process than simply adding the tape,
without taking off the earpieces. And also it
could be dangerous the user lost those pieces
of the glasses each time he wanted to change them. Another option was to connect the
tape with the glasses by the simplest possible
way, without having to disassemble any parts.
But this idea gets worse the aesthetic value. So
finally, the idea that was chosen was to connect the tape to the glasses by a simple mechanism, being possible to hide the earpieces
of the glasses within the tape itself, making the
design more beautiful, comfortable design, and
less likely to break.

VIII.II Formal aspect/
analogies
In the design, it can be very interesting to find
some inspiration. The best example of perfection could be all those natural things around us.
To try to imitate something, first you have to
analyze them well. Therefore the formal aspect
of the aircraft Jas 39 Gripen has been studied or
another models. For the formal design of this
product is searched for simple shapes, but with
some interesting innovations, trying to find that
same aerodynamics of the aircrafts. Other values that have been searched for the formal aspect are: lightness, elegance and comfort.

The main design features of this headband are:
- Elastic
- Can be used by other equipment.
- Easier to adapt
- Possibility of choosing the size
- Stable. better holding
- The user has the possibility to chose
- Aesthetic design

Figure 35-36. Analogies with the Jas 39 Gripen

49

VIII. Further development

170

160

VIII.III Sizing of the
product
It is very important that the glasses meet user
requirements depending on the size and the
shape of his/her face. The choice of the glasses
is not just a matter of personal taste.There are a
several factors to take into account in its design
as each person has a different face and head.
So for that reason it is very important to study
several useful body dimensions:

VIII.IV Materials
The main body (the frame of the glasses) is
made in Acrylonitrile butadiene styrene (ABS)
with some small parts of silicone make it extremely adaptable and comfortable. The tape is
made in elastic strap for fixation with silicone
strips. The earphones and the throat microphone are also made in ABS, due to its good
properties:
- It is a very impact-resistant polymer
- Waterproof
- Resistance to chemicals
- It provides tenacity, which is especially interesting for cold environments where other
plastic can become brittle
- Facility to be processed
- Nontoxic
- Excellent surface, quality brilliant and deep
colours. Attractive feel and touch
- Dimensional stability
- It is a lightweight but strong material
- Recycling ABS is economically attractive
- Can be processed by injection moulding

Details of the anthropometic estimates for
Swedish Adults (millimetres) can be found below. (Pheasant et al. (2005) ).
5th
%ile
Eye height
1520
Elbow height
1345
Head lenght
185
Head breadth
145
Neck circunferance

50th
%ile
1630
1445
195
155

WOMEN
95th
%ile
1740
1545
205
165

357-375

5th
%ile

50th
%ile

95th
%ile

1435
1255
170
135

1535
1355
180
145

1635
1455
190
155

135

Figure 37. Global measures of the device.

- Head length is the distance between the glabella (the most anterior point on the forehead
between the row ridges) at the occiput (back of
head) in the midline.
- Head breadth is the maximum breadth of the
head above the level of the ears.
- Eye height is the vertical distance from the
floor to the inner canthus (corner) of the eye.
- Shoulder height is the vertical distance from
the floor to the acromion.(Pheasant et al. (2005) ).

MEN

70

322- 335

(The Plastics Portal, [electronic], 2014-05-20).

The users of this product are going to be men
and women, so if we want the product meets
the requirements of the most of the people, we
may take the biggest measure of the man and
the smallest of the women, as the flexible tape
may be resized. (Pheasant et al. (2005) ).

50

VIII. Further development
VIII.V Ergonomics

fortable for the technician’s neck. Moreover, it
gives freedom of the head movement.
- The tape is elastic, and the user can chose the
size of it. Is easy to wear it, and doesn’t hurt the
head of the user.
- There are several parts of the device which
can change of size, depending on who is going
to wear it.

In terms of anthropometric and ergonomics,
there are several considerations to be taken into
account: clearance, reach, posture and the influence on posture of vision and strength requirements when performing a task. One of the
main goals of the ergonomics is to try to avoid
as many accidents as possible. So it is essential to
understand why these accidents happen. There
are two main theories.

VIII.VI Prototyping

The first one explains that the accidents are
caused by unsafe behaviour, so they have to be
prevented by modifying the ways in wich the
users behave. The second one says that the accidents are caused by unsafe systems of work
and they may be prevented by redesigning the
working system. (Pheasant et al. (2005) ).

VIII.VI.I Modelling
The chosen concept was modelled using the
3D modelling program Alias Autodesk. Realizing concepts in this environment is a really good way to discover new ideas or another
possibilities to create a better design.

- The most important items should be in the
most accessible locations.
-The most frequently used items should be in
the most accessible locations.
- Items with similar functions should be grouped together. (McCormick, E.J. (1970) ).
The most important thing is that the technician,
who will be using the device, feels as comfortable as possible. To this end, a lot of attention
has gone into the design of the device from the
point of view of ergonomics. Some parts of the
product which provide greater comfort of use
could be:
- Some padding parts, for example in the back
of the flexible tape or in the bridge of the glasses.
- Some silicone parts, for example the earpieces of the glasses for an easier grip.
- The piece of the throat microphone which
is in the back of the tape, which has a specific
curvy form, like this it would be more con-

Figure 38-39. Modelling in Alias Autodesk
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VIII.VI.II Rendering
Rendering the CAD-model is one of the best
tools for evaluating the final concept in a fast
way. For the rendering of this concept, the
program, which was used, was also Alias Autodesk, due to the benefits that it offers .By using
this program the user can get a very realistic
three dimentional overwiew, and in generally
any material and color can be used.
Figure 42. Printed pieces in ABS

Figure 40. Rendering in Alias Autodesk

VIII.VI.III Mock-up

Figure 43. Final mock-up.

When the design is evaluated and approved the
CAD files can be used for printing the parts in
the 3D printer of the University. The printer
used is Dimension sst. and the material used
was ABS. The next pictures show some parts of
the process.

Figure 41. Position the different pieces to print.
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IX. Final results
IX.I FINAL RESULTS

Earphones
double
function

TORCH

FLEXIBLE /
ADAPTABLE
TAPE

3D
GLASSES
CAMERA

Ergonomic
silicone
piece

THROAT
MICRO

Figure 44. Final device.

Figure 45. 3D glasses and the throat microphone.

Figure 46. Technician using the final device.
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IX. Final results
IX.II INTERFACE

- Contact between technicians, pilots, staff,
and flight leaders.

List of activities that should be included in the
system:

- List of parts and order information.
* Who is using it, which tool, time,
where,etc
* Parts are easily identified and searcha
ble through RFID (Radio-frequency
identification)

- Overview map
- Personal log in.
* Depending on the employee’s role
there are different levels of access
* Each personnel and workstation etc.
has its own page with necessary in
formation and links.

- News and status on the page are updated in
real time.

- Service and reparation manuals and guides.
*Videos, pictures, direct connection
with a professional
- Each aircraft flight data and status.
* Logged data from aircraft and person
nel, when, how and who did it.

HOME PAGE
GENERAL VIEW
OVERVIEW MAP

AIRCRAFTS

PERSONNEL

- Aircraft
listing

- Personal
profile

- Specific
information

- Status

PERSONAL ACCESS
NEWS

LOGGING

AIRCRAFTS

PERSONNEL

NEWS

NEWS

- History
- Status
- 3D view

Figure 47. Scheme of a possible interface

OVERVIEW MAP
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PERSONNEL

Figure 48. Example of the home page

AIRCRAFTS

IX. Final results
IX.II INTERFACE

Albert Jansson
Personal
Information
Localitation
Contact

Figure 49. Personnel Identification. Example of interface.

Bengt Jakobsson

Anna Lundgren

Arthur Bergström

Figure 50. Personnel Identification. Example of interface.
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IX. Final results
IX.II INTERFACE
- More visual
- Use of colours
* Red: what is necessary
to fix
* Yellow: what is being
repaired
* Green: what is already
repaired

Figure 53. Blueprint. Example of interface.

Figure 51-52. Problem Identification. Example of interface.
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X. Evaluation
The potential and viability of the final results
were evaluated in regard to the Product Design Specifications and the problem identification that were written at the beginning of
the report. If the product is evaluated from that
point of view, it is important to say that the
final device meets most of the design specifications, demands and wishes. This futuristic
concept needs further development, since most
of the technologies used are still in development. For example, one of the most important
requirements of this project is to built a wireless
device, however, it is not possible to ensure it
will completly work, since it is still in development and they are exploring several possibilities. Another weak point is the battery of the
device, because nowadays it is supposed to last
no more than 20 hours.

But the concept is not completely developed,
but it has been tried to get as many solutions
and improvements as possible, in order to design a new concept with a large potential for a
further work and development.

X.I Discussion
With the goal to give a better and deeper understanding about this project, it is very useful
to give a kind of feedback about the pros and
cons that have been found in the development
process of the project. The completed project
description was given a bit late because it was
necessary for me to be accepted for the department responsible for the project before. After a completed understanding about the main
goal of the project, it was possible to start with
the literature studies. However, it was much
more difficult than expected, partly because
the methodology of work is different from my
home university. The way in which the report
has to be redacted, how it has to be presented, was the most difficult part. So throught the
report was started since the beginning of the
project, it took more time to change everything.
It also took a long time before it was possible to
visit F21 for study visits and field observations,
because of not being Swedish and because of
the time available. In such a way that it couldn’t
be possible to follow the planning as agreed at
the beginning. The visit at F21 was of great
value to the development of this project, since
it was possible to have a direct contact with the
user for whom this project is destinated. So all
their needs, problems and thinkings were understood. The employees at the Military Base
were really friendly and helpful in this visit. It
would not have been possible, without this visit, to achieve the main objectives of the project.

This concept presents a large number of advantages compared to other current devices.
In the same product, the user can find several
possibilities of use.That is one of the best points
of its design, since the user is able to decide if
he wants just use the 3d glasses with the earphones, or if he wants to use also the throat
microphone. Another of the possibilities he has
to chose is the number of earphones he needs
to use. It means, he will be able to decide if
he prefers to be focused in his own task, avoiding listening his environment, or on the other
hand, maybe he prefers to use just one earphone or even neither of them. This device is a
really ergonomic design, less robust, easy to use,
and it meets the most important requirement
of this project: more freedom for the hands.
This augmented reality device fulfills all the
needs for better communication between the
technicians, thanks to the possibility to use
both audio and video in order to explain different situations and problems in a easier and
faster way. Another important point of this new
design is that save a great amount of used paper.
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X. Evaluation
X.II Recommendations

After having a overview of the current situation, it was necessary to present several proposals by drawing some sketches. After that, one
of those concepts had to be chosen. The different concepts were sent to the advisor and
the examiner, to listen their likes and dislikes,
preferences and wishes.

The main mission of this project has been to
develop a augmented reality device which
facilitate the maintenance work daily of the
aircraft technicians. It hasn’t been possible to
construct working prototypes of any of the
showed concepts due to the limitations of the
project, so it should be considered in a future. In this section of recommendations, all the
ideas that are not covered in this project report
due to time limitations or that they are outside
the framework have been specified in the next
list with the main points in order to make this
final concept realizable:

Their opinions and feedbacks have been very
useful and have been regarded at any time. It
could be that the Product Design Specifications are completly completed in some aspects,
but it has been tried to define them in the best
way possible. It is important to say that those
specificacions have been very helpful during
the whole design process for the maintenance
technician’s device, specially in the decisionmaking.

- Usability testing to the main users of the final product.
- More specific definition of the materials and
processes.
- Prototype construction to be able to evaluate
the functionality and design of the concepts.
- Design specifications from a more technical
and electric point of view.

The final result of the device is not a totally complete concept, although it would be
necessary more user’s testings, possible improvements and to define it from a point of
view more specific, it is a good concept with a
innovative idea in the design for maintenance
system. I am very satisfied with the work done
and what I’ve learned.
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X. Evaluation
X.III Fulfillment of Requirements
COMMUNICATION

Provide visual communication
Provide communication through audio
Provide communication through voice
Easier way to share information
Reduce the need for paper handling
Easy to share data
Faster system of communication between staff

FULFILLED
YES
YES
YES
YES
YES
YES
YES

USABILITY

Have an intuitive interface
Possible to hadle with gloves
Greater freedom in the use of hands
Provide all the information needed
Useful in the different air force bases
Compatible with the rest of the user’s
equipment
Be possible to write his own notes

YES
POSSIBLE IMPROVEMENT
YES
POSSIBLE IMPROVEMENT
YES
YES
POSSIBLE IMPROVEMENT

RELIABILITY

Be able to sustain all the weather’s conditions
Be waterproof
Be shockproof
Be chemical and oil resistant
Be stable
Rechargable battery
Be dustproof
Be wireless

YES
YES
YES
YES
YES
YES
YES
POSSIBLE IMPROVEMENT

SECURITY

Verify the user
Make dat backups
Register times and dates
Protect information
Check the tasks

YES
YES
YES
YES
YES

DESIGN

According to the user
Comfortable to use
Easy to use
Give feedback
Innovative and modern product
Be an enduring product
Have good value for money
Not be a complex design
Have a light weight
Provide a way to undo errors

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

ERGONOMICS

Protect the user from possible damages
Can be adjusted easily
Easily transportable

YES
YES
YES
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APPENDIX

XII.

APPENDIX I
ENVIRONMENT ANALYSIS
For a proper analysis, it is essential to study the environment, in which our future product will be
designed. It is important to understand how the areas are divided into a military air base, as each one
is different, and for that reason, the way to work and the type of user who can be found there too.
Then, it has been studied that the organization is divided into the following three main areas:

HANGAR
It is a place used for storing aircrafts, usually of big dimensions and located at aerodromes. The structures for the hangar must
have spacious entrances for the different
aircrafts. Thus, structures are designed by

experts, from the structural point of view
and from the viewpoint of the facilities. It
is a highly functional and important part,
as it is where aircraft maintenance is done.
The hangar may be armoured to protect it
from possible attacks.

BACK OFFICE
Is a control room, which directs and controls
traffic of an airport, also they help some technicians when they have a problem which
they don’t know how to solve it. These employees try to look for any solutions and the
necessary information, that most of the time
it’s confidential. This kind of work is complex, due to the large number of different
aircrafts and the errors they can find in them.

TARMAC
In this part, there are several functions,
including landing and takes off of the
aircrafts, boarding and disembarking of
passengers, baggage and goods, refuelling and aircraft maintenance and also
it can be used as parking place for those
that are not in service. Another way to refer it is “runway”.

APPENDIX II
USER ANALYSIS

INTERVIEW

Question 1. What is your profession? What do you do?
- Military pilot (Spain)
- Professional Army soldier (Spain)
- Army soldier (Spain)
- Aeronautical engineer (Spain)

Question 2. What do you do in your line of work? What operations are you involved in for maintenance and support?
- I flight a aircraft called c -101, my goal is to notify to the personal maintenance about the possible
breakdowns and failures detected during the course of the mission.
- I am responsible of the preparation for missions inside and outside of Spain, daily maintenance of
equipment used in training and manoeuvres.
- Head of a team of 30 people. I will be in charge of equipment and weaponry that has provided
me, so I’ll have to do a periodic review to make sure everything is in perfect conditions. In the event
that something is damaged, I would be responsible for informing the specialists of that material (independent of my military unit).
- Aircraft inspection in order to look for some defects according to the number of flying hours, and
pre-flight surface inspection.

Question 3. What parts of your body are involved in the operations: e.g are your arms, legs , head,
etc involved?
- During pre- flight inspection , the arms are involved to check control surfaces are free , legs are
involved when I need to bend down and, of course, the head, to see that everything is ok.
- Legs and arms.
- Parts of the body from the waist up.
- Eyes, hands and ears.

APPENDIX II
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INTERVIEW

Question 4. What information is needed for these operations?
- A procedure is followed, which has been set by the builder: Construcciones Aeronáuticas S.A.
(CASA).
- You need adequate physical preparation and information about the mission to carry out.
- What is broken / faulty .Why reason. When and where. Urgency . Needs for the transport to the
place where you have to repair. Also it would appear what unity I belong to.
- It is necessary to know the optimum condition of each piece and the possible variations that can
be observed.

Question 5. Do you have all the necessary information/knowledge for every problem that occur?
What do you do if you don’t have the information?
- Everyone have the necessary level of knowledge, depending on the position they are. In the case
of anybody does not know any information, they ask someone with more experience, or look in a
manual.
- Yes, they are continuously informed of the incidents occurred.
- In general yes, because military equipment usually has some faults and they are always the same.
Experience in this area is the basis of success. If somebody doesn’t know, they will send the information to another more specialized unit. Spain may have 3 or 4 (specialists is a unit in each base).
- In general the most typical problems are known. If they are not available, the part or system that
fails, is taken to another more specialized place.

Question 6. How do you get this information today?
- Manuals and workmates with major knowledge.
- By paper lists.
- Through manuals that are renewed with the errors that are occurring with more frequency , lessons learned and training courses in maintenance (less usual).
- Drawings provided by the manufacturer and the operator’s knowledge.

APPENDIX II
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INTERVIEW

Question 7. How do you today verify that the maintenance have been done correctly?
- Inspections by pre - flight by pilots.
- There are supervisors and other superiors who review the work and notes taken. Each one has
divided the items to check on a list, checking each and noting down the status of these.
- There are a number of fields that are highly specified and measurable, that through his studio we
can see the state in which the material is. There is always a superior employee who has to supervise
that all technicians do their job and once it is completed, he checks if it was successful.
- The operator fills a sheet with routine operations that have been carried out, and if something is
remarkable, it’s written as observation point.This copy goes to the manager who gives his agreement
that the work was successful.

Question 8. How would this information ideally present itself to you? What kinds of changes would
you make?
- More budget for aircraft maintenance, because the resources we have, are very limited.
- I think it is well organized, it depends on the employee, if he reviews the material correctly or not.
-The better you can measure you can better control. I would try to upgrade the media used in the
maintenance.
- From my point of view, maybe the actual system is a little antiquated for the world in which we
are living. Although little by little, they are introducing new technologies such as tablets.

Question 9. What kind of clothing, security, tools, equipment etc, do you use in your line of work?
- Noise protection , gloves to protect from hot areas, abrasions, etc. And kneepad when somebody is
checking the bottom of the plane.
- It is used coveralls, which are the same for everyone, the safety equipment depends on the material
to review, there are also some workshops with all the necessary tools, but in the case they haven’t,
they would mark it as incidence, obtaining it in the shortest possible time.
- Dress: coveralls, helmet, gloves, glasses of protection, special boots. Like means of communication:
usually corporate mobile.
- Coveralls, work gloves and safety glasses depending on the area or other accessories.
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INTERVIEW

Question 10. Which of the items listed in the previous question do you think are unnecessary or
could be improved?
- None is unnecessary . It would be convenient to improve the direct communication between
system pilot and mechanical operations, to make it an easier-flowing system than how it is now
(sometimes they communicate each other with hand gestures).
- The equipment.
- All tools used here are characterized by robustness but there is material on the market that is much
more modern. Therefore, it would be perfect to use modern materials that improve its robustness
(falls, blows, rain, extreme cold ...).
- They are most needed. They could be improved with new lighter or resistant materials.

Question 11. What is your opinion if the communication system for technicians is improved , facilitating their work and giving them greater freedom of handling when they are using their hands?
For example, the design of glasses that would allow them to see how the various operations must be
done in 3D.
- Anything to improve the state of the aircraft maintenance and something that makes me feel safer
and confident in my plane. That is essential.
- I agree with every technological advance, which facilitates work is beneficial, to help make it easier
that the technicians could perform their tasks in a more efficient and effective way.
- It would be an important advance, but maybe it would not be necessary the 3D glasses, just a
helmet which carry a built-in micro with which both could talk with other operators. That way
we would improve the work and the cost of that new design would be much better at this time of
economic crisis in which governments are cutting militaries investments. Now they are looking for
saving media.
- It could facilitate the work but generally it doesn’t require great difficulty.
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MAINTENANCE TECHNICIANS
GENERAL CLASSIFICATION

AUTOMOTIVE

HOME
MAINTENANCE

NUCLEAR
ENERGY

AIRCRAFT

PUBLIC
WORKS

NAVAL

INDUSTRIAL
MACHINERY

MAINTENANCE TECHNICIANS
PERFORMED TASKS

- Supervising other workers.Although this
project is specifically aimed at the aircraft technicians, it can be very interesting and useful
to consider other similar professions or that can
assist us in the study of the user.Thus , we could
understand in a better way, how they work in
different environments, which tools are used
and how they communicate with each other.
First of all, it is going to be done a more general
study about the different professions that can
help in this project, and after it will be studied,
in a more specific way, the aircraft technicians.

OTHER MAINTENANCE TECHNICIANS

- Providing technical assistance connected
with machinery , equipment, components and
mechanical installations and testing prototypes.
- Designing and preparing blueprints of machinery, equipment , components and mechanical facilities in accordance with the specifications.
- Providing technical supervision of the production, use, maintenance and repair of machinery, equipment, components and mechanical installations.
- Applying technical knowledge of the principles and practices of mechanical engineering,
to identify and solve problems arising in the
course of their work.
- Developing and looking after the compliance with safety rules and the supervision with
regard to the structures (helmet , etc.), machinery, loading and unloading and other mechanical equipment.
- Coordinating and supervising the system
works , hull repair , painting and cleaning.
- Performing related tasks.

WORKMAN

FIREFIGHTER

POLICE

PLUMBER

Conclusions:
- Usually many professions like these, are using
very basic protective equipment, for example:
helmets, gloves, goggles, etc.
- Regarding the communication system used
to communicate with each other, it is usually
via radio communication systems, and by waltie talkie.
- Something that might be interesting is how
the police take their walkie talkies above the
shoulder (freedom of the hands).

AIRCRAFT MAINTENANCE TECHNICIANS
Specific tasks or activities that take place in this
profession:
- To maintain the operation of the aircraft airworthy performing in several categories
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such as technical assistant, qualified technician,
foreman or hangar, supervisor, and aircraft dispatcher, depending on their qualifications and
experience.
- Is guided by the Aeronautical Code, which
establishes the rules and regulations in this area.
- Carrying out his work according to the
maintenance manual , which contains the requirements and procedures that must be met
for the maintenance to be successful.
- Making use of software and software Aeronautical Maintenance.

AIRCRAFT MAINTENANCE TECHNICIANS

EQUIPMENT
Helmet

Earphones

Books

Microphone

Glasses

Tablet

Waltie talkie

Gloves

Computer

Reflective jacket

Another kind
of protection

The key to success of any project is to build a
product or to offer a service that fits perfectly
with the needs of the client and who is willing
to pay for what they want. This is essential to
really understand our customer. It is necessary
to go beyond what “appears” that our customer
wants, or what he says he wants, to help us
understand what he really wants.

Who are they?
How do they use their time?
What “value proposition” do they expect?
How much are they willing to pay for it?
What relationship are willing to establish?
What is the influence?
What do you really guide their behavior?
Which channels do they want to operate
with?
What moves them?
What are their concerns?
What do they really care?
What are their expectations?
What do they see?
What is their environment?
What kind of deals are they exposed?
Who are key people in their environment?
What kind of problems do they face?
Does it influence anyone?
What do they hear in their professional
environment?
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PERSONAS
OLIVER JOHNSON
Profession: Aircraft maintenance technician
Age: 35
National Origin: Sweden
Number of years in the company: 8 years
Working area: On the tarmac

"I've always loved airplanes, but more than the
fact of boarding a plane, what attracts me is to
know why such a large machine can fly. So
when I was a kid I loved model airplane that I
could assemble and disassemble."

A typical day...
Oliver works in the Luleå Kallax Air Base. It is located about 5km south-east of Luleå, Sweden, near
the village of Kallax, it is the most northern air base in Sweden. He lives in his house with his family,
her wife and two children. Every morning he wakes up very soon to get to work by car.
What kind of tasks are carried out by him...
Oliver is one of the responsible for ensuring the safety and maintenance of aircrafts, their engines
and their mechanical and electronic parts. He carries out his tasks on the tarmac. The situations in
which he usually works are often unfavorable, because in this place of the Base, the weather sometimes makes it difficult to work.
Online activities / Technology used...
Oliver is a man who is in constant contact with the new technologies. Each time a new one appears
in the market, he has to buy it. He accesses the Internet almost every day, usually to look for some
information (about what he is working on, some sports, weather,...), to check his personal email and
to read what is going on in the world. He believes the Internet is a great place in which you can
gather information and read about a lot of different topics.
User goals...
He is trying to build and improve on his existing qualifications and skill in a really good way.
Air Base's objectives...
The aircraft should be supervised before and after each flight, apart from technical assistance as reviewing and filling tanks, and making sure all the key points of maintenance have been properly
revised.
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PERSONAS
LENNART LARSEN
Profession: Aircraft maintenance manager
Age: 42
National Origin: Sweden
Number of years in the company: 10 years
Working area: In the hangar

" I wondered what it was for and did not know
this and respond that aviation is very large and
there are things you do not know but in some
way or another learn. For me, aviation is my
hobby and my passion to fly ..."
A typical day...
Nowadays, Lennart is working also in the Luleå Kallax Air Base as maintenance manager. He started
in this airplane's world 16 years ago, when he joined in Swallow Airplane Company. In spite of his
father was Danish, he has lived his whole life in Umeå (Sweden). He is a person who has travelled a
lot around the world, so he has a lot of experience and knowledge.
What kind of tasks are carried out by him...
When he is in the hangar, he checks various aircraft parts such as valves, electrical and hydraulic systems and flight controls. Depending on the type of service that he makes in the aircraft, he can spend
working on it, six or seven days. However, the check, that he makes before the aircraft flies up, takes
40 minutes of his time.
Online activities / Technology used...
He is not convinced about online communication, online shopping, but he is trying to become more
familiar with the new technologies. He agrees with some technologies can make the system faster,
but he is very traditional, and for some kind of operations, he prefers using the previous systems of
information, such as books, because he thinks that maybe one day the technology can fail, but not
the written memo.
User goals...
As operator, he thinks it is important to understand that maintenance training should be entirely designed with the technician in mind. Lennart wants to get used to his shifts. In his life, in a hard week
of working he starts at 9 pm and leaves at 6am, another starts at 5 am and leaves at 1 pm and another
he can work to 1 pm and leaves at 9 overnight.
Air Base's objectives...
For the aircraft maintenance profession are needed people who feel passion for mechanics, but
mostly they should be responsible and formal employees.
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PERSONAS
ANNE LINDBERG
Profession: Aircraft controller
Age: 29
National Origin: Sweden
Number of years in the company: 4 years
Working area: In the back office

"Being in daily contact with the aircrafts, repair
them , maintain them and then watch them
fly is an experience you cannot comment in
words, you have to feel it."
A typical day...
Anne is a woman who has been always interested in the Air Force. Since she was a child, she has
dreamt with controlling how the different aircrafts could fly. She really feels vocation for protecting
and defending her country and its people. Now, she works in the Luleå Kallax Air Base. One of her
dreams is to work all her life as air traffic controller, but also she would like to have several children.
Sometimes, she is afraid to lose her job, as this requires a lot of responsibility and commitment.
What kind of tasks are carried out by her...
She is one of the responsible people for controlling if the air traffic is developing with security, order
and speed. She authorizes pilots with instructions and information, within the airspace under their
jurisdiction, in order to prevent collisions between aircraft and obstacles primarily in the maneuvering area. It is the most important air traffic control responsibility.
Online activities / Technology used...
Anne has high-speed Internet access both at home and work, because she is used to surf the Internet
every day. She likes to be online most of the time, and she is so interested in using new technologies,
because according to her, they give us a lot of facilities and advantages.
User goals...
She would like to have an easier access to desired information in some kind of operations. Flight
controllers offer various electronic and computer systems that help them control and traffic management, such as Radar (RDR) (Radio Detection and Ranging), which detects objects flying within its
airspace and through computer programs presents on Radar Screens, that facilitate the management
and progress of flights in their positions of control. There are other assistance programs to optimize
the number of controllable flights.
Air Base's objectives...
Currently, it is being demanded for the aviation companies to have a sufficient number of technicians
and specialists, supported by a license according to the type of equipment and operations that they
have to carry out. What they are looking for, is to make the staff working in this area professional,
especially in the empirical way. This is important because new technologies demand a change in
formation. More analytical people are required with capacity of diagnostic and performance.
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- A product that can fulfil its role effectively, and
its form is the appropiate.
- Secondary functions that allow to perform a
greater number of activities, avoiding unnecessary functions that maybe cause confusion.
- An interface that facilitates a correct user’s
understanding about the product use.
- A product that allows the user to work in a
comfortable and natural position .
- A product that reduces the use of the hands, so
that the user has to do the least possible number
of unnecessary movements.
- With the grips needed to transport the product when it is needed, without having to make
a big effort.
- The weight of the product should be considered.
- Its formal aspect is not excessively complex,
and it is easily adaptable to the user, right size,
not too big, nor too small, a design that does not
have very pronounced edges.

- It is very important to use the right materials.
It should be a material that supports specific
weather conditions (rain, snow, freezing temperatures, ...).
- If they are glasses, they have to be a design that
does not cause fatigue in the user’s vision.
- If they are headphones, they have to protect
the user from any harmful noise of their environment, but they allow the user to listen necessary information.
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- Avegant

HEAD-MOUNTED DISPLAYS (HMD)
Glasses

Internal Camera

External Camera

Headphones

- Oculus

Glyph

Microphone
External
Headphones

Rift

- This mimics normal human vision: the left
eye sees additional area on the left and the right
eye sees further to the right area.
- The view is over 90 degrees horizontal (110
° diagonal), which is more than twice the field
of view of most competing devices, and is the
main force of the device.
- It uses a combination of 3-axis gyroscopes, accelerometers and magnetometers, which
make it able to track the movement and position relative to the earth.
- ONLY GLASSES. Not include headphones
- The weight of the display is approximately
379 g.
-High energy requirements. With an optional
adapter that can be used to connect the control box to an outlet for computers that do not
provide sufficient USB power.

-Virtual HMD, distinguished by having a
completely different way of showing images.
- It gives answers to the main problems that
can be found in Oculus.
- Try to solve several problems, such as dizziness and visual fatigue, projecting the image
directly into our eyes using prisms, of a very
similar way to what you can see, for example, in
a conventional projector. Virtual Retinal Display technology
- NO SCREEN. The image is projected directly into your eyes.
- HDMI cable.
- Less heavy, require less energy and project a
sharper picture.
- Much more stylized from the point of view
of design.
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- Google

Glasses

- The purpose of Google Glass would be
to display information available to users of
smartphones without using hands. It is handled
through head movements.
- It allows access to the Internet using voice
commands.
-Google Glass has the ability to take pictures
and record video and it has a screen with the
size of a stamp slightly above the line of sight
of the right eye.
- The side of the Google Glass is a touch pad
that allows users to control the device using
gestures as moving and touching.
- Possible use of prescription lenses.
- Wi-Fi, Bluetooth, 3-axis gyroscope, 3-axis
accelerometer
(compass)
- From version 2.0 the use of specific headphones allowed.
The frame is adjustable.

- Telepathy

One

- They allow users to share what they are watching with their contacts and so do they can
enjoy more social experience.
- The device does not have crystals, it’s held
around the head and front of the right eye with
a screen so the user can see projects.
- They have headphones which allow to listen
to music while wearing the device or listen to
conversations you have with others.
- They can connect the phone to the pictures
and videos which you capture are stored in it.
- It is possible to transmit live video.
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- MetaPro

Glasses

- Virtual reality HMD.
- They are holographic glasses. Working with
holograms
- Their functionality is much more complete
and powerful.
- They are very similar to smart glasses sun but
these are connected to a tiny computer.
- Two transparent HD displays (1280 x 720
pixels) with a size 15 times larger than the present display Google Glass.

- Intersection of computer vision, computer graphics, augmented reality, and wearable
computing.
- The user can touch the objects in a virtual
world or overlay 3D content in the real world.
- Two TFT LCD screens, an RGB camera and
an infrared camera, a sensor with accelerometer, gyroscope and compass.
- The graphics processor and the computer
will already integrated in the gadget itself. No
need to be connected to a computer.

- Crystal

Cove

- With these smart glasses we can also create
objects and shape ideas that are only in your
head without using pen and paper.
- Two RGB cameras, accelerometer, gyroscope, compass, WiFi, Bluetooth, USB but more
interesting is in the pocket computer.

- Space Glasses by Meta

- Is a new model HMD of Oculus Rift.
- It has few small white dots are actually small
infrared LEDs that send signals to an external
camera.
- External Camera
- More precision when it turns and the glasses
can do things like enlarging it forward when
you approach the head forward.

- Augmented Reality 3D Glasses
- Software:
3D Sculpt+Print Tool, in partnership with
Game Draw 3D
Laser Tag
MetaCraft, a MineCraft simulator

- This new system is designed to wear glasses
while sitting.
- A new HD OLED panel that allows much
faster images with less blur when you move
quickly through the virtual space, as well as it
avoids feelings of dizziness.
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OTHER HEAD-MOUNTED
Current
Industries
DISPLAYS (HMD)
What is being done in the industry?

Prism Glasses

The Sega 3D Glasses

Samsung glasses

The Videye Glasses

LaForge Optical
“Smartspecks”

GlassUp

1.
This company provides mobile solutions for
remote guidance to solve technical issues. The
main goal of XMReality is to develop and deliver systems based on Augmented reality.
(XMReality, [electronic], 2014-03-11).

Siemens glasses

Famicom 3D System
Glasses

The Sony HMD

Kaiser Electro-Optics

Other possible gadgets

Smartwatch

Nokia 888

Iphone hologram

Buttonless remote control

Leap Motion

Mobile Unit, helmet

Expert Station

Helmet
Back unit, including computer
Video goggles
Camera
Head-set
Microphone, noise-reducing
LED light
Transport case

Expert computer
Camera
Head-set
Point pad
Transport case
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Military technologies
2.
F-35 Helmet Display

Company that creates revolutionary designs in optics, electronics, ergonomics, and form
factors that enable a broad range of military
and commercial applications. (Liteye; [electronic],
2014-03-11).

3.
This company designs and manufactures virtual reality displays that allow users to visualize
and interact with simulated 3D environments.
(Nvisinc; [electronic], 2014-03-11).

4.
This company is one of the biggest virtual micro display manufacturer in the world. They
design products such as head mounted display,
video glasses, etc.(Oriscape; [electronic], 2014-0311).

This is an helmet-mounted display system for
the F-35 Lighting II Joint Strike Fighter.
- It provides pilots with binocular-wide fieldof-view, - Give night vision abilities.
This helmet projects an augmented reality
world inside its visor. (Gizmodo, How the F35 demon helmet looks inside; [electronic], 2014-03-17).

Helmet Mounted Display
This is an helmet-mounted display system for
some modern aircraft, especially combat aircraft.
It projects a kind of information similar to that
of head-up displays on an aircrew’s visor or
reticle,
It allows him to obtain situational awareness
and/or cue weapons systems to the direction
his head is pointing. (Helmet mounted display. Wikipedia; [electronic], 2014-03-17).

NASA’s glasses
- Augmented reality glasses that allow airline pilots to see a virtual version of runways in
even the worst weather conditions.
-These glasses represent a portable head-worn
display. (Technewsdaily, Nasa Augmented Reality
Glasses; [electronic], 2014-03-17).
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1

Scale:

2

does not fulfil criteria

Criteria:

3

4

5

fulfil criteria

CONCEPT 1

fulfil criteria very much

CONCEPT 2

CONCEPT 3

CONCEPT 4

Practicality

2

5

4

3

Innovation

3

3

2

4

Commercial
viability

3

4

4

2

Possibility of
development

2

4

3

3

Technically
easy

3

4

4

1

Easily
transportable

2

4

5

3

Ergonomics

2

5

4

2

Ease of use

3

4

4

2

Free hands

3

5

5

3

Light weight

1

4

5

3

2

5

4

1

1

5

5

2

Stability

2

5

4

3

Comfort

3

4

4

3

Design

3

4

3

4

TO-

35

65

60

39

Easily
adjustable
Compatible with
other equipment

