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Abstract

The ocean is a vast resource, essential for every species on Earth, and with an incredible potential yet
to be explored. This exploration must be performed in a sustainable way, with the help of Unmanned
Underwater Vehicles (UUVs). The product development process of these vehicles in the Aerospace and
Ocean Engineering at CEiiA is still incomplete and not entirely structured, lacking a more objective
view in the initial phase of the product development process, the Fuzzy Front End (FFE). The decision
makers involved are aware that this process can be further optimised, thus the objective of this work
is to optimise the product development process of this technical area. To optimise this process, a
contextualisation was made, to understand what the Atlantic Ocean is, how it is being developed,
and how Portugal plays a role in it. Then, the UUV were review, to understand their complexity, so
the that the best tools for their product development process could be selected. These tools include
success factors, to better manage the FFE, the New Concept Development (NCD) model, and Systems
Engineering (SE). The final result obtained was a model in the form of a diagram, that addresses the
initial part of the product development process of the Aerospace and Ocean Engineering at CEiiA.
This diagram provides a series of steps, that intend to guide the product, from being a poorly defined
idea to being a robust concept.
Keywords: Fuzzy Front End; Innovation; Product Development Process; Research and Technology
Organisations; Systems Engineering; Unmanned Underwater Vehicles.

1. Introduction
The sea as a whole has always played a vital role
in the life of the population, both culturally and
socially, being considered one of the resources with
sufficient breadth to sustain the majority of life on
Earth, while also providing energy, minerals, and
food resources.

Oceans represent 71% of the Earth’s surface, and
serve for 99% of the living space on Earth. They
contain about 97% of the planet’s water, with the
remaining 3% representing fresh water (1% for effec-
tively available fresh water and 2% for frozen water
from glaciers and ice caps) 1. Oceans are home to
a wide variety of life forms, with unknown species
yet to be discovered 2, and they play a vital role in
climate and in the carbon cycle [3].

Together, both oceans and seas are vital for the
planetary ecosystem, and they represent 3.2% of
the worldwide gross domestic product [15]. The ex-
ploitation of their resources covers a wide variety
of areas, including economy, industry, transporta-

1https://oceanicinstitute.org/aboutoceans/aquafacts.html
(visited on January 14th)

2https://phys.org/news/2017-12-undiscovered-creatures-
ocean.html (visited on April 10th)

tion, health, food, and even research, while cre-
ating, at the same time, opportunities in different
sectors, like fisheries, tourism, and energy. How-
ever, although it seems almost inexhaustible, the
exploitation of oceans and seas requires a multidis-
ciplinary, sustainable, and judicious approach, to
guarantee a sustainable future for them. Sustain-
able development is a topic that has been gaining
awareness in recent years, although is something
that has been spoken since the last century. In
1987, [18] defined sustainable development as “a
development that meets the needs of the present
without compromising the ability of future genera-
tions to meet their own needs”. This subject gained
even more importance in 2015, when the United
Nations presented an agenda ([17]), and set seven-
teen Sustainable Development Goals to be meet by
2030. This agenda, together with the Sustainable
Development Goals, are now driving the world, its
economy, its policies, its industries and companies,
its development in general... In what concerns to
the oceans, Goal 14 regards to the Life Below Wa-
ter, and it is described as “conserve and sustainably
use the oceans, seas and marine resources for sus-
tainable development”. This goal has then a set of
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well-defined objectives, that cover multiple areas of
oceans and seas in terms of their sustainable de-
velopment, and emphasises the fact that the ocean
is in fact a quite important resource, that should
be explored and developed in a sustainable way,
with the environmental impact also in mind, to en-
sure that future generations can make use and can,
themselves too, develop the ocean.

The motivation to work on the theme of under-
water robotics comes from the fact that the author
has a passion for the sea, and bachelor degree on
Naval Architecture and Maritime Engineering, so
a theme on this area, combined with the interest
in technology and management, was something to
aim for. The theme of working on the process of
product development for underwater vehicles ap-
pears after an initial contact with CEiiA, that pro-
vided a bridge with Prof. Joana Mendonça at Insti-
tuto Superior Técnico, who later proposed a theme
on the area of underwater robotics. The degree in
Industrial Management and Engineering combines
the management and strategic part with the engi-
neering one, something that enriches the spectrum
of approaches that a theme related with product
development can have, allowing for a different ap-
proach from the traditional engineering.

This master thesis was developed along with
CEiiA, and included an internship of six months.
Located in Matosinhos, Porto district, CEiiA is a
Centre of Engineering and Product Development,
and it is one of the 10 largest research and de-
velopment investors in Portugal, being also an in-
ternational reference in multiple engineering areas.
Created in 1999 with the goal of supporting the
competitiveness of the Portuguese automotive in-
dustry, it quickly evolved to other areas, includ-
ing aeronautics, mobility, ocean, and space. The
work for this thesis was developed at the Aerospace
and Ocean Engineering, a technical area of CEiiA
where multiple projects on both sea and space envi-
ronments have been developed in recent years, and
where the drivers for the sea are “the need to de-
velop further knowledge about the ocean, to ensure
a better surveillance and an efficient and sustain-
able management of the human activities at sea”
3. The Aerospace and Ocean Engineering at CEiiA
has been expanding over the years, thus a master
thesis developed on this technical area is something
that will contribute directly to the development of
its projects, which also brought an additional mo-
tivation to the development of this work.

3https://www.ceiia.com (visited on April 9th)

2. Problem definition and objectives
Underwater robotics is a very complex technologi-
cal field with a great potential, but it can be con-
sidered underdeveloped, with very few prototypes
tested and lunched (except with Remotely Oper-
ated Vehicles (ROVs) in the oil and gas industry,
that are in a much greater state of development
than the remaining Unmanned Underwater Vehi-
cles (UUVs)), when compared to other technologies
and industries, like the space industry, which is in
a much higher development stage than the under-
water robotics, as a result of the investments that
have being made over the years 4. This short level of
development results in an uncertainty towards the
future of underwater robotics, mainly in which will
be the state of the art in a few years, what possible
scenarios will the industry face, and what product
development processes should an organisation like
CEiiA have if it wants to develop this type of ve-
hicles. Also, the constant changing environment of
economics and politics adds not only opportunities
to the future, but also some doubts on which vehi-
cles will prevail, and in which areas of the ocean.

For the decision makers involved, the current pro-
cess of development of a new UUV was still incom-
plete and not entirely structured, lacking a more
objective view in the initial phase of the product
development, that is the so called Fuzzy Front End
(FFE) [9]. According to [9], this initial phase of
a product development process includes a project
strategy, that is, a “vision to have of future prod-
ucts”, followed by an ideation, which includes a
“generation of a constant flow of potential product
ideas”. Being CEiiA, and the Aerospace and Ocean
Engineering within it, inserted in an environment
where the products are not yet on the market, or
the technologies are still in very early stages of de-
velopment, it is understandable that this fuzzy front
end exists. Despite this, the decision makers of the
Aerospace and Ocean Engineering at CEiiA were
aware that there was still space for improvements
in the product development process, mainly in this
initial part, where they want a more concise and
structured process to help them develop this tech-
nology and new vehicles to be used in the ocean.

It is important to understand that CEiiA posi-
tions itself in the ecosystem of Research and Tech-
nology Organisations (RTOs), being a driver for the
industry, and being positioned at the front end of
innovation. However, when looking to the indus-
try from a perspective of skills in product manage-
ment and Systems Engineering (SE) (SE is a mul-
tidisciplinary field that ensures the success of com-
plex systems 5), CEiiA is positioned behind small

4https://blog.nationalgeographic.org/2013/06/20/space-
exploration-dollars-dwarf-ocean-spending (visited on April
11th)

5http://sebokwiki.org/wiki/Systems_Engineering_Overview
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and medium enterprises (SMEs) and big compa-
nies (e.g., automotive, aeronautics, and space), that
have their processes of product management and
SE better defined. These processes can be trans-
ported and adapted to SMEs, RTOs, and CEiiA
itself, thus, the main goal for this thesis was to im-
prove the fuzzy front end on the existing process of
product development in the Aerospace and Ocean
Engineering at CEiiA, as far as possible, using prod-
uct management and SE approaches.

3. Methodology
The goal of every company and organisation that
develops products is to grow over time while devel-
oping new products, and to address to more sophis-
ticated customers with products that can fulfil their
expectations, thus a strategic growth is something
that should be put in practise. To ensure that a
good strategic growth is put in practise, the com-
pany, or organisation, must first ensure that the
process of a New Product Development (NPD) is
well implement [9]. There is a lot of information
about the NPD process, which may vary slightly
from source to source, but the most suitable one for
this work is the one present in [10], that divides
this process in five phases: a first phase of idea
generation and assessment; a second one of con-
cept development and planning; a third one solely
on development; a fourth one focused on prototype
development and testing; and a fifth one, consisting
on production, market introduction, and diffusion.
The first two phases form the FFE, where this work
focused on.

3.1. Fuzzy Front End
The FFE can be better defined as the period in
which an opportunity for a new project is identi-
fied, and lasts until the idea for a project is ready to
enter the development phase [12, 6]. It is seen as a
phase where there is a complicated process of infor-
mation processing, a high level of tacit knowledge,
and multiple conflicting organisational pressures, all
combined in an environment of uncertainty [11, 6].
However, it is on this phase that the company se-
lects the projects that will be executed, and where
the quality, costs, and time frame are largely defined
[10]. The FFE is concluded with a final go/no-go
decision, based on all the information that was ac-
quired during the FFE phase, and that culminated
in a strong concept definition. Usually, there are
two major reasons for a no-go decision at the end
of the FE phase: first, if the decision-makers con-
clude that the proposal will not have the required
commercial value; and second, if the idea does not
meet the firm’s strategy and business model, even
if, sometimes, the idea has a commercial value, al-
though this may generate other forms of value for

(visited on May 29th)

the company [5]. To CEiiA, and to its technical
area of Aerospace and Ocean Engineering, it is es-
sential to ensure that the projects reaching the final
go/no-go decision have a strong concept definition
that will allow them to go to the development phase,
and not be killed with a no-go decision, thus, hav-
ing a FFE process that will ensure a strong concept
definition was fundamental.

This FFE is quite critical, first because the base
for the success or failure of a project is constructed
before the development process begins, and second
because, according to research, companies in gen-
eral lack competence in front-end activities, and do
not understand how they work. Both reasons im-
pact severely the final product, or even the success
of the development process, with the new product
project often failing at the end of it, or even later,
at the commercialisation phase, with an unneces-
sary increase in costs [1, 6, 7]. Moreover, the prob-
lem of the FFE also lies within the companies that
often use an ad-hoc decision-making, and do not
identify clearly where this stage is [13, 6]. There-
fore, it is important to use well-established guide-
lines early in the NPD process, to allow for better
choices and decision-making, minimising future un-
expected costs. Also, the striving for both inno-
vation and efficiency on the NPD process requires
a great focus on the FFE phase, where the prod-
uct and its concepts can still be change at a lower
cost, when compared to further phases of the NPD
process [8, 2, 6].

3.2. Success factors
The FFE is something that will always exist when
dealing with innovation, with no standard method-
ologies that will ensure that no fuzziness will occur.
There are, however, some factors and practices that
will ensure a better management on this part of the
NPD process. [6] and [5] identify several important
success factors to help organisations deal with the
FFE:

1. Accomplish an environmental scanning and
analysis.

2. Have the presence of idea visionaries or product
champions.

3. Do idea refinement and adequate screening of
ideas.

4. Assess the preliminary technology.

5. Define project priorities.

6. Have an early and well-defined product defini-
tion and product concept.

7. Complete a screening of the preliminary prod-
uct concept.
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8. Ensure a cross-functional executive review
committee.

9. Perform project management and the presence
of a project manager.

10. Promote a creative organisational culture.

11. Assure internal cooperation among functions
and departments.

12. Carry an adequate degree of formalisation.

13. Align the NPD with the strategy.

14. Create a beneficial external cooperation with
others actors.

15. Secure an early customer involvement.

16. Involve senior management.

17. Learn from experience capabilities of the pre-
project team.

18. Hold a product portfolio planning.

[5] propose these factors to be presented in a
schematic way, and aggregated in two main groups:
the foundational factors, that should be in place
for all the company’s projects, creating a founda-
tion, and the project-specific factors, that should
be adapted for each project.

3.3. The New Concept Development Model
Another methodology suitable to be applied to the
FFE of the product development process is the New
Concept Development (NCD) model from Koen
(presented in [16, pp. 5-35]). This model (in form
of a circle), contains three essential parts:

• An engine, representing the leadership, culture,
and business strategy of the organisation. This
engine is responsible for driving the five con-
trollable activity elements.

• Five controllable activity elements (Opportu-
nity Identification, Opportunity Analysis, Idea
Generation and Enrichment, Idea Selection,
and Concept Definition), in the inner area of
the circle.

• Influencing factors, that affect all the activi-
ties, and that are almost uncontrollable by the
organisation. They are external factors, sim-
ilar to the Porter’s Five Forces, and include:
distribution channels, law, government policy,
customers, competitors, and the political and
economic climate.

4. Systems Engineering
Nowadays, people are becoming more aware that
the world is getting more complex by the days, lead-
ing to two developments: first, the level of integra-
tion that is being experienced, along with the com-
plex web of interactions between technologies and
processes, is tremendous; second, the rule for new
technologies, processes, and organisations that re-
volve around this web is fast change, with them be-
ing required to adapt and evolve continuously.

SE includes a wide variety of processes and ac-
tivities, with a broadly available literature on these
processes and how to implement them. To this
part, the book [14] was mostly used, because NASA
is an organisation that is involved in very com-
plex projects, thus it is the one in which processes
and examples are most suitable to be applied in
the product development process of UUVs in the
Aerospace and Ocean Engineering at CEiiA.

4.1. Stakeholder Expectations Definition
One of the relevant processes presented in [14] is the
Stakeholders Expectations Definition. This process
is the starting process within the SE methodology
at NASA, and its goal is to identify the stakehold-
ers, and perceive how they will use the product.
Figure 1 shows this process.

Figure 1: Stakeholders Expectations Definition
(Source: [14]).

The Stakeholders Expectations Definition is im-
portant for the product development process of the
technical area of Aerospace and Ocean Engineer-
ing, because it allows to better define who are the
stakeholders, and what are their expectations.

4.2. Technical Requirements Definition
After successfully complete the Stakeholders Expec-
tations Definition, a great part of its outputs will
serve to define the technical requirements needed
to develop the project. In [14], this process follows
the Stakeholders Expectations Definition, and this
work will maintain that sequence.
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In terms of the Technical Requirements Process
(figure 2), it can be described as the transforma-
tion of the stakeholders expectations into a problem
definition, and then into a set of validated technical
requirements, that can be used to define a design so-
lution for the product breakdown structure, and the
enabling products associated with it. This process
is recursive and iterative, to develop the stakeholder
and product requirements, and reduce the level of
component requirements.

Figure 2: Technical Requirements Definition
(Source: [14]).

For the product development process of the tech-
nical area of Aerospace and Ocean Engineering, the
Technical Requirements Definition is essential, be-
cause it allows to have a schematic way to define
the requirements needed for the product to follow,
and to satisfy the expectations from the stakehold-
ers, thus ensuring better its future success in the
subsequent phases of the NPD process.

4.3. Stakeholder Value Network
One of the outputs from the Stakeholders Expecta-
tions Definition are the validated stakeholders ex-
pectations. Since this output is considerably im-
portant for the product development process of the
Aerospace and Ocean Engineering at CEiiA, it is
important to present the Stakeholder Value Net-
work (SVN), due to the fact that this method al-
lows to better visualise the stakeholders and the in-
teractions with them (this technical area develops
a great part of its products in collaboration with
other organisations and entities, thus having multi-
ple stakeholders to address to). Building the stake-
holders map is essential, and for the Aerospace and
Ocean Engineering at CEiiA, a map like the one
presented in figure 3 is suitable, because it provides
a schematic and simple way to visualise the stake-
holders, and what are the expected interactions to
have with them.

Figure 3: Example of a stakeholder map (Source:
[4]).

5. Results
5.1. Value proposition
The results were obtained in the form of diagram,
that was built by combining the different method-
ologies previously described, in a process that re-
quired some creativity and tailoring, in order to be
compliant with the Aerospace and Ocean Engineer-
ing at CEiiA, and to be easily followed by the team
when developing a new product. This diagram is
shown in appendix A of the thesis, and, due to its
dimensions, will be decomposed in smaller groups
that will be explained in the following paragraphs.

The first group is the group of the success fac-
tors. As previously described, there are multiple
success factors that can be used to better manage
the FFE. For this work, the factors were displayed
in a sequential form (figure 4), with decision points
between each one, where a question is made, allow-
ing to advance in the process. If the answer to the
question is negative, the process is recursive, mean-
ing that until the requirements which allow to posi-
tively answer the question are met, it is not possible
to advance in the process, with the risk of jeopardis-
ing the project in future stages. The project-specific
success factors will greatly define the path to be
followed, while the foundational success factors are
transverse to the whole process, being presented at
the bottom of the diagram, and they must be en-
sured by the organisation before the process begins.
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Figure 4: Success factors group.

The second group on the diagram is the NCD
model (figure 5). This model was adapted, with
the Idea Generation and Enrichment contemplating
some of the success factors, such as the idea refine-
ment, and the idea screening. The Concept Defi-
nition includes the success factors of the creation
of a preliminary product concept, and the screen-
ing of the preliminary product concept. The engine
that powers these elements is the centre part of the
proposed model, being the one that moves the en-
tire process. In the case of the proposed model,
the organisational resources and climate (i.e., vi-
sion, strategy, senior management, resources, and
climate) are provided by CEiiA, with both CEO and
CTO being the ones ultimately responsible. The
teams and collaboration (i.e., teams, leadership,
and communities of practice) reflect the Aerospace
and Ocean Engineering at CEiiA. Here, the Head
of Area is at the top, with the Project Integrator
and Project Manager responding directly to him.
The interactions between the different functional
areas inside this technical area also demonstrated
(the Materials and Production are other technical
areas of CEiiA, and the Aerospace and Ocean En-
gineering at CEiiA interacts with them in only one
way, as it is shown).

Figure 5: New Concept Development model group.

Also present in the new model are the Stake-
holders Expectations Definition, and the Technical
Requirements Definition, both shown in figure 6.
Since some of the outputs of the first are the inputs
of the second, it makes sense to have the second
group after the first. These groups are located be-
tween the Idea Generation and Enrichment element,
where the idea is created, screened, and improved,
and the preliminary technology assessment, where
the organisation assesses whether or not the prod-
uct can be manufactured.

Figure 6: Stakeholders Expectations Definition and
Technical Requirements Definition groups.

In terms of entry points, this model has three pos-
sible entry points. The first entry point is located
in the beginning of the model, at the environmen-
tal scanning and analysis, where the organisation
can develop a new project from the analysis that
will do to the environment, progressing then to the
other stages. The second entry point is located in
the idea visioning and product champion, where an
idea visionary, or a product champion, can come
up with an idea, that will then be subject to analy-
sis. This does not necessarily mean that an environ-
mental scanning and analysis was not performed, as
it is possible to get to this stage after performing
an opportunity analysis and identification (see ap-
pendix A of the thesis), but it rather means that
an individual, or a group, can come up with a dis-
ruptive idea from thinking activities, rather than
analysis ones. The third possible entry point is lo-
cated at the Stakeholders Expectations Definition,
and it is meant for customer-based projects, that
is, projects that were requested by an external cus-
tomer of the Aerospace and Ocean Engineering at
CEiiA. Although this model is intended for innova-
tive projects, it can also be used for customer-based
projects, as it will create a more robust project that
will resist better to the development phase, when
compared to one that did not go through this pro-
cess. This last entry point is located at the Stake-
holders Expectations Definition, and not further in
the Technical Requirements Definition, because it is
important to ensure that the needs, goals, and ob-
jectives are fully understood, with the risk of jeopar-
dising the phase of the technical requirements defi-
nition, due to the lack of robust inputs coming from
the Stakeholders Expectations Definition.
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5.2. Model validation
To validate the model explained in the previous sec-
tion, the example of the Autonomous Surface Ve-
hicle (ASV) was used, as it is the most recent ve-
hicle developed by the technical area of Aerospace
and Ocean Engineering at CEiiA. The validation
of this model consisted on following the diagram,
starting from the first entry point (the environmen-
tal scanning and analysis), until the approval of the
cross-functional executive review committee. It was
important to ensure that there are no points where
the model can get stuck in an infinite loop, and that
model was fluid.

Assuming the first entry point, the process starts
with the environment scanning and analysis. Here,
the environment is scanned and analysed, through
exchanges between opportunity identification and
its analysis. In the first, the activities include road-
mapping, technology trend analysis and forecasting,
scenario planning, customer trend analysis, mar-
ket research, and competitive intelligence analysis,
whereas for the second, the activities include strate-
gic framing, market segment assessment, competi-
tor analysis, and customer assessment. These activ-
ities will ensure that a strong scanning and analysis
are made, providing a good basis for ideas to be
generated. Once the decision makers feel comfort-
able in answering Q1 (“Has the scanning process
provided the sufficient knowledge about the envi-
ronment?”), the process can move to the next phase:
Idea Generation and Enrichment. In the example
that is being assumed, this is the point where the
opportunity to develop some type of vehicle capable
of performing different tasks comes in sight.

In Idea Generation and Enrichment, preceded by
idea visioning and product championing (that is
also the second entry point), is where the idea for a
product first appears. Once an idea appears, either
through idea visioning, or product championing, Q2
(“Is the idea visionary enough to be promoted to
different stakeholders?”) must be asked, in order
to discard the idea, in case the answer is negative,
or to move the idea to the next phase, in case the
answer is positive. In the next phase, the idea is
refined, until the people involved in the project can
provide an understandable solution (Q3), and if the
idea does not pass the screening (making sure that
it is in fact a good idea), it is redirected to Q2, and
the idea revolves again through this process, until a
good idea is finally obtained. For this example, it is
assumed that after all the refinement and screening,
the final idea is to developed an ASV.

After establishing that the project is to develop
an ASV, the process moves to the SE part, begin-
ning with the Stakeholders Expectations Definition.
Since the goal for CEiiA, and the Aerospace and
Ocean Engineering within it, is to develop prod-

ucts for other customers, and not for themselves,
and since it needs other stakeholders along the pro-
cess (this technical area usually develops its prod-
ucts within a consortium of multiple organisations),
it is necessary to define the stakeholders expecta-
tions. Here, the process starts by identifying who
are the stakeholders, and understand their expecta-
tions, producing a SVN with this information. As
previously mentioned, it is worth to have a SVN
that enables to better visualise the interactions be-
tween all the stakeholders involved in the project.
After this, it is necessary to identify their needs,
goals, and objectives, establishing the ConOps and
support strategies afterwards. This will produce
the ConOps document, that allows to better de-
scribe the project, and the enabling product sup-
port strategies. From then on, the stakeholders ex-
pectations are defined in acceptable statements, to
be analysed and to retrieve possible measures of ef-
fectiveness, the stakeholders expectations are vali-
dated, ensuring their bidirectional traceability, and
lastly, the commitment from the stakeholders upon
the validated set of expectations is obtained.

Succeeding the commitment from the stakehold-
ers, the project moves to the phase where the tech-
nical requirements are defined. Here, the outputs
from the Stakeholders Expectations Definition serve
as inputs, with the ConOps, the enabling prod-
uct support strategies, and the validated stakehold-
ers expectations entering the activity of defining
the constraints, and outline the functional and be-
havioural expectations. Then, the requirements are
defined and validated, and the measures of perfor-
mance and technical performance measures are de-
fined, based on the input from the measures of effec-
tiveness obtained in the stakeholders expectations
definition. The final step is to establish the techni-
cal requirements baseline, and then capture all the
work products produced.

After concluding the phases of defining the stake-
holders expectations and the technical require-
ments, it is necessary to assess whether or not the
technology to produce the product with the defined
requirements exists, and what will be the costs as-
sociated with it. The decision point here (Q4) asks
about the feasibility of the product, based on the
technological assessment. Without the technology,
or if costs are higher than what can be afford, it is
not possible to make the product, and the process
of defining the technical requirements must be re-
done, until the conditions to proceed are met. This
loop ensures that the requirements are possible to
be met by the existing technology (or that the tech-
nological costs are affordable by the organisation).
After this, the project priorities are set, and the
project can move forward, if the priorities for the
product’s key features priorities are defined (Q5).
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Then, the project enters in one of the most crit-
ical phases: the Concept Definition. Here, the cre-
ation and screening of the preliminary product con-
cept are performed, until a final win statement is
produced. The decision point for the creation of
a preliminary product concept is defined by Q6,
where the possibility of delivering a robust prelimi-
nary product definition with a clear understanding
is judge. For the screening of the preliminary prod-
uct concept, the decision point consists of Q7, where
it is asked whether or not the preliminary prod-
uct concept can be screened and evaluated. The
win statement will then be evaluated by the cross-
functional executive review committee, that must
be involved in this evaluation, to ensure that a good
concept is defined and ready to enter the develop-
ment phase, thus the decision point Q8. This con-
cludes the FFE phase, and the project then moves
to the development phase.

This process is moved by an engine (discussed
in section 3.3), that comprises two parts. The first
part regards to the organisational resources and cli-
mate (i.e., vision, strategy, senior management, re-
sources, and climate), provided by CEiiA, with its
CEO and CTO ultimately responsible. The second
part is composed by the teams and collaboration
(i.e., teams, leadership, and communities of prac-
tice), reflecting the Aerospace and Ocean Engineer-
ing at CEiiA, and its organisation. As discussed
in section 5.1, this entire process is supported by
the foundational success factors, that must be well
established, in order to have a solid basis for the
process to be effective, and to ensure the success of
this initial product development phase.

In the case of the example used for this valida-
tion, the final output of the proposed process is a
robust concept of an ASV vehicle. This concept will
then follow to the development phase, and then to
the prototype development and testing. The final
phase will be the production, the market introduc-
tion, and diffusion. At the time of this work, the
project of the ASV of the Aerospace and Ocean En-
gineering at CEiiA has reached the end of the de-
velopment phase, and the vehicle is currently in its
prototype development phase. After the prototype
is assembled, the vehicle will be subject to multiple
tests, and will be validated as a whole. In the case
of the Aerospace and Ocean Engineering at CEiiA,
the last phase of the NCD process, where there is a
production (usually a mass production), a market
introduction, and a diffusion, is not attended, due
to the unique characteristics of CEiiA’s mission, al-
though there is a possibility to commercialise this
vehicle. The project is expected to end in December
2018, with a fully functional ASV.

This concludes the model validation, and al-
though the Aerospace and Ocean Engineering at

CEiiA has being developing a wide variety of prod-
ucts, for both the ocean and the space, the val-
idation of the model with a vehicle that was re-
cently developed, allows to have a model that can
be used for the remain products as well. However,
this model is intended only for the initial phase of
the product development, because on the develop-
ment phase, there are more methodologies to be fol-
lowed, as well as specifications to be met, depend-
ing on the type of product that is being developed.
The outputs/work products from the Technical Re-
quirements Definition, mainly the validated techni-
cal requirements, the measures of performance, and
the technical performance measures will greatly de-
fine the specifications to be met in the development
phase. This validation has proved that there are no
infinite loops where the model can get stuck, and
that the model is fluid, as intended.

5.3. Discussion
The model previously presented follows the initial
objective of this work (see section 2), which was to
improve the current product development process
of the Aerospace and Ocean Engineering at CEiiA,
and to give its decision makers a more robust tool
to work with.

The model obtained was based on existing tools,
presented in chapter 3, and its validation, in section
5.2, proves that this model is possible to be applied
to the technical area of Aerospace and Ocean En-
gineering at CEiiA. The main design of the model
follows both the success factors, presented in sec-
tion 3.2, and the NCD model, presented in section
3.3, to provide a good and easy visual representa-
tion, that allows the decisions makers involved to
better understand and follow the model.

The results obtained are interesting, because
prior to this work, it was not expected to end up
with a diagram like the one presented in appendix
A of the thesis, but the literature reviewed, and
the most commonly used tools, diverted the results
to this visual representation. The fact that mul-
tiple tools could be combined was also interesting,
because it means that there are many ways to ad-
dress for the problem of the FFE, and, depending on
the type of product to be developed, the tools and
methodologies to be used must also be adapted. For
UUVs, and in the context of the Atlantic Ocean, the
EU, and Portugal, the methodologies presented in
section 3 are suitable for the product development
process of the Aerospace and Ocean Engineering,
a technical area inside a RTO with unique char-
acteristics. The fact that this model has an en-
gine (that is subdivided in organisational resources
and climate, and in teams and collaboration), that
takes into account CEiiA as an organisation, and
the team of the Aerospace and Ocean Engineering
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within it, provides a view of how the organisation
can interact with the product development process.

Since the technical area where this work was de-
veloped aims to developed more complex products,
such as UUVs, it was important to obtained a pro-
cess to assist in the future development of this ve-
hicles. The robustness of the product concept ex-
pected to be achieved at the end of the process,
provides the decision makers involved a higher con-
fidence in the product, before it proceeds to the de-
velopment phase. This confidence will also reflect in
the cost, time, and quality of the final product, be-
cause, as mentioned before in section 3.1, this initial
phase is where these three components are largely
defined, and a slip in one of them can have bigger
consequences in future stages of the NPD process.

6. Conclusions
6.1. Main conclusions
The Atlantic Ocean is a vast resource with an in-
credible potential. The activities, and the economic
impact that it generates have been increasing along
the years, with the EU promoting its sustainable
development. One way to explore the potential of
this ocean, is through the use of UUVs: vehicles
that are capable of exploring the immensity of the
ocean, without putting human lives at risk.

One of the organisations that aims to develop
UUVs to explore the ocean is CEiiA, through its
technical area of Aerospace and Ocean Engineering.
CEiiA is a RTO that sees its environment change
rapidly, due to the fact that develops its products
at the front-end of innovation, creating additional
challenges that normal companies do not have. One
of the challenges is the related with the product de-
velopment process of UUVs of the Aerospace and
Ocean Engineering at CEiiA. The decision makers
in this technical area recognise that there is the need
to optimise the current product development pro-
cess of UUVs, to address for their complexity dur-
ing the development, mainly in the initial phase,
where the idea on the product is not very well de-
fined. This phase is known as the FFE of the NPD
process, that will greatly define the success of the
product during its development.

This work was developed to give the decision
makers involved in the development process of
UUVs a tool to have a higher confidence in the
product that is being developed, before this product
reaches the development phase. Although the FFE
sets in an environment of high uncertainty, it is pos-
sible to better manage it with some tools, mainly
through success factors, a NCD model, and SE ap-
proaches. The success factors are a good way to
ensure that multiple tasks are performed, that will
guarantee the product concept to be robust, before
reaching the development phase. The NCD model
provides a visual and methodical way to organise

the FFE, and how the entire organisation can in-
teract with it. The SE is a very complex field, with
equally complex methodologies, that can be extrap-
olated to the product development process of com-
plex vehicles, such as the UUVs.

Combining these tools allowed to create a model
for the initial phase of the product development
process of the Aerospace and Ocean Engineering at
CEiiA. This model is shown in the form of a dia-
gram, to allow for a smooth understanding, and to
be easily followed. The success factors greatly de-
fine the path, with the NCD model providing the
overall circular structure, to allow for an easier in-
tegration of all tools. By incorporating the engine
of the NCD model, this diagram also has in mind
the role of CEiiA, and the Aerospace and Ocean
Engineering within it, in the product development
process. The foundational success factors displayed
at the bottom of the diagram provide a basis for
the entire process, and they should be secured by
CEiiA, to ensure a more robust process.

During this work, there were some difficulties,
mainly in understanding what the problem was,
and how to adapt the existing tools to a techni-
cal area inside a RTO with unique characteristics.
Also, the fact that the author’s knowledge on prod-
uct development processes and SE was non-existent,
also made the task more difficult. However, after
an extensive reading, the model started to emerge,
along with the understanding of what, and how, the
Aerospace and Ocean Engineering at CEiiA devel-
ops in terms of products. The fact that this work
included an internship of six months also helped to
better understand the technical area of Aerospace
and Ocean Engineering at CEiiA, its problem, and
how to address it.

6.2. Future work
Since the scope of this work, and the time to do
it, are constraint, there is the possibility to develop
some future work, to provide continuity to this the-
sis.

The next step of this work is to implement the
new model of product development in the Aerospace
and Ocean Engineering at CEiiA, having in mind
its particular characteristics and challenges. Since
it was not possible to use the model with a real de-
velopment process, it would be interesting to test
the model in real conditions, going along with the
initial process of developing a new vehicle, from the
time the environment is scanned and analysed, un-
til the final approval of the executive review com-
mittee. This will allow to test the model with a
real case scenario, producing a stronger and success-
ful model, that is intended to add more confidence
for the decision makers involved, and consequently
more value to the product.

Another aspect that appear during this work was
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the possibility to have key performance indicators
(commonly known as KPIs) along the product de-
velopment process, to control the development pro-
cess, the costs, and the risk. This would require
knowledge on constructing and implementing KPIs,
and adapt them to this specific product develop-
ment process of the Aerospace and Ocean Engineer-
ing at CEiiA.

This model can also be further developed, en-
larging its complexity level, and incorporating it in
the remaining product development process, that
would also require an optimisation to accommodate
a higher level of complexity. This will allow for even
more complex products to be successfully developed
at this technical area of CEiiA, since this model is
only a part of the bigger development process.

Although this model was developed for UUVs, it
is possible to adapt it to other products developed
by CEiiA’s remaining technical areas. Like in this
work, it is necessary to understand the type of prod-
ucts developed by the technical area in question,
and then adapt the model accordingly. However,
since the FFE is quite generic, the model developed
in this work should be easily adaptable.

Lastly, another interesting future work would be
to adapt, test, and possibly implement this model in
other RTOs, granting them with a tool that allows
to have a more robust product development process.
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