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Abstract

The Swedish Sea Rescue Society (SSRS) is a non-profit
organization that performs sea rescue operations around
Sweden’s coast line and lakes. In their sea rescue work,
they came up with an idea that could be used to prevent
accidents that are caused by harsh weather. According
to Trafikverket, two out of three accidents at sea can be
related to bad weather.
Today, the SSRS have a weather application that you
can download and note the weather where the different
national weather stations are located. The data for this
application is gathered from SMHI and YR.no. The
SSRS wants to complement this data with their own
weather measurements from specific places in e.g. the
archipelago. To be able to do this they want to develop a
portable and self-sufficient weather station.
The weather station will be overseen by the SSRS
rescue personnel, who will transporting and installing
the weather station onto specific place. The weather
station shall express the SSRS design profile, blend into
the environment, and be easy to transport and install.

who the different users are and their requirements, a
requirement framework was established which the end
result would need to fulfil.
Through different methods and analysis of what people
from different background think and feel about the
archipelago, a joint view of what the archipelago
associates with was established in order for the weather
station to be designed to fit into the desired environment.
Studies and innovation around technical functions that
the weather station should be able to perform, have led
to different design restrictions in order for the weather
station to be able to work.
The end result of the project is a concept of a self-sufficient and portable weather station, making it possible to
be transported and installed by one person. The design
of the weather station has been made to make it blend
into the environment and up close be able to identify as
a product of the SSRS. The design has also been made
to be user friendly for those handling it.

Sammanfattning

Svenska Sjöräddningssällskapet (SSRS) är en ideell
organisation som utför sjöräddningar runt Sveriges
kuster och insjöar. I deras sjöräddningsarbete, har de
kommit på en produktidé för att förebygga olyckor
orsakade av oväder. Trafikverket har noterat från deras
statistik att två av tre olyckor på sjön kan kopplas till
dåligt väder.
SSRS har idag en väderapplikation som man kan ladda
ner och notera vädret omkring där de nationella väderstationer är placerade. Informationen till applikationen
baseras på data hämtad från SMHI och YR.no. SSRS
upplever att de vill komplettera denna information med
egna vädermätningar från specifika platser i exempelvis
skärgården. För att kunna göra detta behövs en portabel,
självförsörjande väderstation. Väderstationen skall
hanteras av SSRS räddningspersonal som transporterar ut och installerar väderstationen på de specifika
platserna. Denna väderstation ska då uttrycka SSRS
designprofil, smälta in i naturen, och vara lätt att
transportera och montera.

på produkten, kunde ett ramverk skapas inom vilket
projektets resultat skulle uppfylla.
Genom olika metoder och analyser av vad personer
med olika bakgrund tycker och tänker om skärgården,
kunde en gemensam bild skapas i där väderstationen har
samma uttryck. Studier och innovation kring tekniska
funktioner som väderstationen skulle kunna utföra, har
lett till design-restriktioner för att väderstationen ska
kunna fungera.
Slutresultatet av projektet är ett koncept på en
självförsörjande portabel väderstation, vars funktioner
gör det möjligt för en person att transportera och
installera stationen. Formgivningen av väderstationen
har skapats för att få den att smälta in i naturen, och
på nära håll kunna identifieras som en produkt från
SSRS. Designen av väderstationen har även gjorts användarvänlig för att förenkla hanteringen av den.

The SSRS doesn’t have any prior products of that sort,
and through a market study of competing or similar
products / ideas, it became clear that this product would
be innovative. By studying the environment which
the weather station will be placed and faced with, and

SSRS har inte någon tidigare liknande produkt, och
genom marknadsundersökning konstaterades att denna
produkt är mycket innovativ. Genom att studera miljön
som väderstationen kommer placeras i och utsätta
för, samt vilka de olika användarna är och deras krav
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1. Introduction

1.

The Swedish Sea Rescue Society is an independent, non-profit volunteer organization
which purpose and task, according to their relegations, is to ”identifying and
maintaining interest in sea rescue within Sweden, proposing measures designed to
streamline this service and managing the individual work of sea rescue along the
coast of Sweden and the surrounding waters, together with Lakes Vänern, Vättern
and Mälaren…” (Swedish Sea Rescue Society, 1988, p.1)

According to the Swedish Transport Agency’s accident statistics ”Two out of three
accidents can be connected to harsh weather” Transportstyrelsen (2016, Paragraph
8). The Swedish Sea Rescue Society wants to develop a weather station that will
help prevent accidents caused by difficult weather conditions from happening, by
providing real-time weather information to the public.

1.1 Background

The target users for the appliance of the gathered weather
information that the weather station will obtain, are the users
of the SSRS application. The weather station will complement
the application by gathering pin point real-time weather
information. These users will however not be directly affected
by the results of this project.

The SSRS want to complement the data on their weather
application and provide the users with pin point real-time
weather information from specific areas. To be able to provide
this information the SSRS wants to design a portable and
self-sufficient weather station.

1.3 Objective and aims

The Swedish Sea Rescue Society (SSRS) currently operates a
free weather application open for everyone to use. The data for
the weather application is provided by measurements done by
the Swedish Meteorological and Hydrological Institute (SMHI)
and Yr.no (which is provided by the Metoerologisk Institutt and
Norsk Rikskringkastning).

1.1.1 Thesis

This is a master thesis within the Industrial Design Engineering
program at Luleå University of Technology. The assignment of
the thesis was a development project for the SSRS in their aim to
provide a safe environment for the public at sea. The goal with
this project was to create a portable and self-sufficient weather
station that expresses the SSRS design profile and harmonizes
with the scenery of Gothenburg’s archipelago. The thesis was
conducted with guidance from the Engineering & Technology
consult company ALTEN, the SSRS, and Luleå University of
Technology.

1.1.2 The Swedish Sea Rescue Society

The idea for this project was formed by Fredrik Falkman, an
industrial designer at the SSRS. Some of the specifications for
the project was stated by Fredrik, such as what type measuring
device will be used, what functions the product should provide,
and in what context it will be placed. Fredrik Falkman have also
had the role of guide and client for this project.

1.1.3 ALTEN

The aim of this project is to conduct a scientific study where
a concept of a portable and self-sufficient weather station is
created for the Swedish Sea Rescue Society. The concept will
consist of a well-studied and determined design and will be
presented in a 3D-CAID surface model. The surface model will
illustrate how the weather station will look in the archipelago,
the different functions, and detailed information. Restrictions
of what will be studied in this project are e.g. determination
of material choices, construction sketches and specific details
about the used components. The following research questions
have been studied throughout the project and the conclusion of
these are presented in chapter 7 Conclusion.
• How can a product be designed to express a desired expression?
• How can the weather station be designed to be single-handedly
handled?

1.4 Project scope

The project consists of 20 weeks full-time work, in which a
scientific study of a product development was conducted.
Due to the time limitation of the project, the results is not a finish
product. Future recommendations for further development to
obtain a finished product, is given at the end of the thesis.

ALTEN is an Engineering & Technology consulting company
and have had the role of supplying a work space and guide for
the project. ”ALTEN is active in 20 countries, covers the whole
development cycle and offers a choice of service levels, from
technology consulting to full-blown project outsourcing”
(ALTEN, 2015, Paragraph 1).

1.2 Stakeholders

According to Eason (1987) cited in (Abras, Maloney-Krichmar, & Preece, 2004), users can be divided into three different
groups; Primary, Secondary, and Tertiary users. Primary users
are those who will use the product, secondary users are will
occasionally use the product, and tertiary users are those who
will be affected by the products use.
The primary users in this project are the SSRS members/
personnel that will oversee handling the weather station. The
handling of the weather station will consist of the task such as
transporting, installing, and dismantling the weather station.
The secondary users are the public, who will be able to interact
with the weather station due to its placement in public spaces.
Rules and legislations needs to be upheld in order to allow the
weather station to be placed in public areas. Laws are made to
preserve and protect the nature and the wild life that lives in the
archipelago.

1
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1.5 THESIS OUTLINE

The thesis is divided into the following chapters:
Chapter 1: Introduction
The first chapter introduces the background of the project and
its purpose, object and aim. The people that would affected by
the outcome of the project are also presented.
Chapter 2: Context
The second chapter present the current state in which the project
is being performed from, and the different factors that have
restrict and affect the project.
Chapter 3: Theoretical Framework
The third chapter present the theoretical framework in which
facts and definitions within design, design processes, and
engineering calculations that been used for within this project.
Chapter 4: Method and Implementation
The fourth chapter presents the processes of which the
different methods that were used in the project, how they were
performed, and the results of the methods. The chapter ends
with a discussion of the methods that were used.
Chapter 5: Final Design
The fifth chapter presents the final design of the end concept.
The different details in the concepts design are explained.
Chapter 6: Discussion
The sixth chapter present a discussion of the process and the
final design, in which the credibility and reliability of the
project is subjected. The projects relevance, and recommendations for future research and development are also presented in
this chapter.
Chapter 7: Conclusion
The seventh chapter discusses and answers the research
questions that were stated in the beginning of the thesis.
Chapter 8: References
The eighth chapter presents the full references that were used
within this project.
Appendices
After the last chapter the appendices of referenced material can
be found.
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2.

2.1 Current state

2.1.2 Technical Restriction

The data for the SSRS weather application, as previously stated,
was based on weather data supplied by SMHI and YR.no.
The applications weather information is updated six times a
day, and as earliest displayed 48 hours in advance, to provide
reliable weather data. The application offers information about
rainfall, water temperature, air pressure, and more, and a image
representing the weather condition is also given. Below is a
compilation of screenshots from the SSRS weather application
presented in Figure 1. (Sjöräddningssällskapet, 2018)

The international standard for measuring wind speeds is at a
height of 10 meters, according to SMHI (Personal Communication, 2018-02-27). The wind is affected by its surrounding
(as illustrated in Figure 3), and most natural objects that might
disturb the air flow is avoided at a height of 10 meters. Although
the measured wind speed increases as the height increases, but
at a height of 10 meter is still relevant for people on the ground.
The islands in the archipelago are usually surrounded by open
water and to obtain a general understanding of the local wind
information, the weather station should be placed on the highest
point of the island and measurements done at an additional three
meters height. (SMHI, Personal Communication, 2018-02-27)

Figure 1: Screenshots from SSRS mobile application

2.1.1 Leisure Boat Statistics

According to The Swedish Transport Agency, an agency that
collects data of different transportations and trends, the most
common usage of leisure boats are for day-tours and fishing
trips. According to their statistics, 90% find that the experience
of nature is one of the most important aspects of ”boat life”, and
83% find the same importance in the experience of freedom, and
at third place the traveling and experiences of unique places.
(Transportstyrelsen, 2016) The risks that people find, when
This chapter describes the current state in which the project was conducted in.
thinking of being outResultat
on a boat
are groundings
per försäljare
för event and injuries
The results of an analysis of a study done to obtain information about the current
when
jumping
on
to
land,
and
also
falling
overboard and engine
Stående och liggande stapeldiagram gör det möjligt
DELTAGARE
SÅLDA ENHETER
state is presented in this chapter.
2016). The reason for acquiring a
att jämföra värden i en enda kategori. Du kan till failure (Transportstyrelsen,
Experience of nature
90
exempel jämföra antalet produkter som sålts av varje
boat, among those who don’t own one, is that 12% state that
Experience of freedom
75
försäljare.
they don’t have time and 2% that it’s because of bad weather
Bad weather (Transportstyrelsen)
2
(Transportstyrelsen, 2016). According to SweBoat, 23% of the
Bad Weather (SweBoat)
23
potential boat buyers say that they won’t buy a boat because of
No time
12
bad weather
and 26% because they have a lack
of knowledge
Lack of Knowledge
26
when it comes to boats (SweBoat, 2018). Figure
2 illustrates a
diagram over the presented statistics.

2. Context

Percentage (%)
90

Experience of nature

75

Experience of freedom

23

Bad Weather (SweBoat)

12

No time

26

Lack of Knowledge
0

23

45

Figure 2: Diagram over the boat life statistics
Stående stapeldiagram
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90
!1

68

Figure 3: Wind turbulence

The components that are of requirement for the weather station
to function and the additional requirements set in before hand
have been studied in their regards of their size and power
consumption. The additional components consists of a camera,
signal system, computer, and battery.

2.1.3 Wind Data

According to a research worker at SMHI, an average wind
speed at the coasts and/or the archipelago could be around 6
m/s. (Personal communication, 2018-05-16) A studying of the
wind velocity mean value from each year gathered between the
year 1961 and 1990 in different locations around Gothenburg’s
archipelago, gave a total mean value 7,58 m/s that represented
the wind velocity in Gothenburg’s archipelago (SMHI, 2006).

2.1.4 Solar

2

Bad weather (Transportstyrelsen)

90

The TriSonica is an ultrasonic anemometer, that is ideal for
mobile applications and smaller spaces, according to Applied
Technologies Inc (n.d.). The TriSonica measures wind speed,
wind direction, air temperature, relative humidity, barometric
pressure, air density, and dew point. (Applied Technologies,
Inc. n.d.) The TriSonica is a stand-alone system, although they
are working on a battery charging and solar capability system,
according to an TriSonica employee at TriSonica Anemoment
LLC. To measure the wind speed at sea, the TriSonica needs to
be located on the highest point of the island, to avoid turbulence
caused by the islands topology. (TriSonica Anemoment LLC,
personal Communication, 2018-02-26).

90

As a rule of thumb, according to a master of science in
engineering at Solinnovation (Personal communication,
2018-05-17), is to use solar panels that provides five times
more power than the device/components use during drift. The
top power of solar panels are often never achieved due to the
different factors that needs to be fulfilled, such a correct angle
and the temperature being at a 25 degrees Celsius, according to
Solinnovation (Personal communication, 2018-05-17) Through
data from 2008-2015 the mean value of sunshine per day is 726
seconds (SMHI, 2018).
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Figure 5: (Top) SSRS Rescue boat
Figure 6: (Middle) Solar panel on a boat

2.1.5 Legislations

Shoreline protection is a protected area near seas, lakes and other
watercourse across the country, established to protect plants
and animal life, and to keep beaches accessible for outdoor life.
With the shoreline protection it is forbidden to e.g.:
• Raise new building
• Change current building or their use so that it affects the
public’s access to the beaches.
• Expand the so called private zone on, so that it affects the
public’s accessibility.
• Dig or prepare for restructuring.
• Make any engagement that substantially affects the life
conditions for plants and animals.
(Strandskydds Delegationen, 2015)
Although there are ways in which the shoreline protection can
be lifted, and exceptions can be granted, which is decided by the
specified municipality. (Göteborgsstad, n.d.)
According to a biologist at the county administrative at Västra
Götalands Län, if shoreline protection is ruled on the islands
that the weather station is planned to be stationed then the
municipality oversees approving or examining whether this
structure can be allowed to be installed on the islands. Regarding
the weather stations size, it’s more likely to be examined if the
station is large. Nature reserve are governed by the rule of the
county administrative board, and they decide if the weather
station can be stationed at the requested area. (Personal Communication, 2018-02-15)

2.2 Benchmarking

By using the method of benchmarking, a products quality
can be increased by the comparison made with competitors,
which leads to a better chance of a high customer satisfaction.
(Jetmarová, 2011). The benchmarking in this project was done
by studying the different relations to specific requirements i.e
portability, flexibility, and usability, to increase the chance of
studying all the relevant competitors. How the method was
performed and more detailed information concerning the use of
this method is further described in 4.3.5 Benchmarking.

2.2.1 Weather Stations

A general benchmarking of the different types of weather
stations was done, where the following types of weather stations
were studied; weather stations for research expeditions, buoy
weather stations located out at sea, private weather stations
for home use, and alternative weather stations such as weather
balloons. The results from this are presented in appendix A and
B.

2.2.2 Stands

An equally large research was done of the different kinds of
mounting/stands for the weather station was conducted. Here an
investigation of how traditional weather stations are mounted
was made, and how different stands are constructed such as
camera stands for outdoor use, and various types of stands/
structures of outdoor use.

2.2.3 Solar Power

A small investigation of the different types of solar powered
systems was made, to understand and implement their
requirements and how they operate in to the design of the
weather station. Although the focus was not to determine what
self-sufficient system is best, but to understanding what kind of
selection of systems there is, and to define the design restriction
of the weather stations, such as size and shape.

2.2.4 Vertical Axis Wind Turbine

A study was conducted to establish the different types of
vertical axis wind turbine (VAWT), and which would be the
most efficient and most aesthetic to use for this project. The
study also showed what dimensions the different VAWT would
be to supply the components with power.

Figure 4: (Below) Archipelago island living
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3.

3. Theoretical Framework

This chapter presents the theoretical framework in which facts and definitions
within design, design processes, and engineering calculations that been used for
reliability of the project.

3.1 industrial design engineering

Industrial design can be thought of as a product development
that creatively produce products which solves certain
requirements with an aspect towards usability and aesthetics
(Gemser & Leenders, 2001; Hertenstein, Platt & Veryzer, 2005).
The important task for an industrial designer is to create an
attractive and user-friendly product. Industrial designers tend
to work towards the aesthetic aspect of design, where they focus
on the products observable properties (Eder, 2013). Engineering
design is a product development that tends to drive more towards
a technical design. (Kim & Lee, 2016)
Industrial design focuses on the aesthetics of the products,
through e.g forms, user experience, while engineering design
focuses on developing technical solutions, in order to be
functioning, reliable and manufacturable. (Kim & Lee, 2016)

Through design techniques and methods were the designer
guides the user in how to operate the product, a more sustainable
usage of the product can be obtained. The idea of creating a
design that guides the user in their interaction with the product
can be described as ‘Design with Intent’ (DwI). Many of DwI
methods involves planning and strategical manipulation of the
affordances and the constraints of a system. (Lockton, Harrison,
& Stanton, 2008)

According to Eder, Hosnedl & Pahl (quoted in Kim & Lee,
2016) “It is often argued that engineering designers use an
‘outward approach developing from function to appearance’
whereas industrial designers follow an ‘inward approach
developing from appearance to functions” (Kim & Lee, 2016,
p. 227). Designers and industrial designers such as William
Morris, Henry Dreyfuss, and Jonathan Ive, care for people they
design for (Zhang & Dong, 2008). Redström (2006) stated that
design has begun to be increasingly more about the user and
their experience.

According to Norman (2005) HCD can be considered harmful
to use when trying to obtain a sustainable product. HCD can
tailor a product with the focus on one individual / group which
excludes everyone else. The developed product can also be
tailored to specific conditions which means that the product
cannot be used in new and unanticipated way, and as the user
adapts to the new possibilities that can be carried out with this
new product, the product doesn’t. This means that the design
will no longer be appropriate for its use. HCD methods tend to
miss out on the aspect of the human behaviour. (Norman, 2005)
“Design for the individual of today, and the design will be wrong
tomorrow”. (Norman, 2005, p. 16)

The products sustainability in being relevant can be connected
to the user’s behaviour with it, which in turn leads to an environmental impact (Lockton, Harrison & Stanton, 2008). With
the increasing advances in technology, designers has begun to
apply design principles on not just the physical products, but
also in the user experience (Brown, 2009).

According to Metzker & Offergeld (2001, p. 22), “HCD process
models are not suitable for tailoring”, due to the lack a defined
procedure which in turn affect the ability to tailor the process to
a specific project.

The objective of this project has a clear connection between
the development of the products technical aspect as well as
the development of the products aesthetics. The design of
the product was determined by what it expresses to the users
(through its aesthetics) and also its technical limitations and
demands (for it to work).

3.2 Human Centered Design

Human-centered design (HCD) has a broad variations of
definitions. HCD can be considered a process for design and
development of products based on the physical and psychological needs of the human user (Greenhouse, 2010). The
concern with assuring that a artefact works as intended, is of
less importance than allowing many individuals or cultural
conceptions to create a uninterrupted bond with the technology
(Giacomin, 2014).
HCD stands out from other design practices due to its focus
on the people that the design is intended for (Giacomin,
2014). Giacomin state that HCD today is “based on the use
of techniques which communicate, interact, empathize and
stimulate the people involved…”. (Giacomin, 2014, p. 610) He
also state that the most successful use of HCD is when it answers
questions regarding the relationship that the product either
creates or facilitates with the user. Through HCD a study of the
users ‘predetermined usage patterns’ can be conducted in order
to create a design that fits the user’s preconceived cognitive
plan. (Giacomin, 2014)
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Although HCD can become problematic when the design is
only focused on a single user interaction. A design developed
through this focus will create a product that lacks the ability
of being sustainable. Difficulties within HCD is to incorporating changes in behaviour, social context and the products social
environment. (Kuijer, De Jong, 2011)

Due to the high level of innovation of this project, and with
the goal to be suitable for the users, HCD was studied to gain
knowledge in the aspects of incorporating and focusing on the
intended users. The affects of HCD was also taken into consideration of what to much focus on a specific user can do to the
future use of the product and its longevity.

3.2 Design thinking

Design Thinking, according to Dam & Siang (2018a), is a solutions-based methodology that is suitable for complex and/or
ill-defined problems.
Through Design Thinking the users needs are continually
considered in order to create a product that responds with them
(Owen, 2006). Design Thinking is conducted through an understanding of the humans needs, and through a human centered
point of view (Dam & Siang, 2018a). The methodology consists
of five phases, and the Dam & Siang (2018f, paragraph two)
defines Design Thinking as an ”iterative process in which we
seek to understand the user, challenge assumptions, and redefine
problems in an attempt to identify alternative strategies and
solutions that might not be instantly apparent with our initial
level of understanding.”
The process can be divided into different phases/spaces in
which the project venture through. According to Brown &
Wyatt (2010) these spaces can be thought of being ”inspiration,
ideation, and implementation”. Although Dam & Siang (2018a)
divides the spaces into five phases called;
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Empathize, Define, Ideate, Prototype, and Test. A combination
of the phase/spaces by Dam & Siang (2018a) and Brown &
Wyatt (2010) was made, and a image illustrated this was created
as shown in the Figure 7.
The use of Design Thinking proved to be very important when
planing and conducting this project. As of the high innovation of
this project, a high level of iterative processes was needed. The
methodology also provided guidance in the use of different
methods and in what purpose those methods would be useful.

Figure 7: Visualization of Design Thinking and HCD processes

3.4 Participatory design

Participatory design (PD) has various definitions that depends
on how the user is defined and involved in the design process.
Users can, according to Ives & Olson (quoted in Bergvall-Kåreborn, Ståhlbrost, 2008), be categorized as; primary (frequently
hands-on users), secondary (occasional users) and tertiary (users
that are affected by the end result or have a say in its purchase).
The participation of the potential users can be e.g. through either
direct or indirect participation. Direct participation means that
those who are affected by the results of the design are involved
in the design process. Indirect participation means that representatives of the affected are involved. (Bergvall-Kåreborn,
Ståhlbrost, 2008)
The direct participation with primary users can be summed up
as so called ’end-user’, these are the people that will actually
use the end-result of the design process. Organizing so that all
affected users are participating may not always be possible. By
utilizing carefully considered tertiary user, the affected users
can be represented in the design process and their knowledge
can be applied. (Kensing & Blomberg, 1998)
By actively involving users into the design process, they can be
considered as co-designers and the process can be thought of
as being designing ‘with the user’. Through passively involving
users they can be thought of being consults and the processes
can be viewed as designing ‘for the user’. (Bergavall-Kåreborn,
Ståhlbrost, 2008)
In some cases the designers have taken the role as facilitators
and provided the users with the right tools and empowerment
in order to make it possible for them to develop their design
(Spinuzzi, 2005). “Luck (2007) identifies the importance of
skilled facilitation by designers when involving users in participatory processes. Skilled facilitation leads to better engagement
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of users, and potentially to better knowledge exchange between
users and designers.” (Holmlid, 2009, p. 107). This way of
involving the users can be called ‘design by users’, which
means that the outcome of the process is made by the users
with support from the designers. The user’s takes on the role
as innovators while the designers takes the role of facilitators
(Bergavall-Kåreborn, Ståhlbrost, 2008). In other cases the users
have little or no control over the decision making or result of the
process (Kensing & Blomberg, 1998).
The results of observing the participating user can be attained
through different ways. By listening to what the participant
is telling us, there might be limitations due to their inability
to express verbally, as well as being limited to what they
believe we want to hear. By observing the participants will
give us observable information, although this is not enough.
Through what the participants think and know, we can gain
their perception of experience, and by understanding how they
feel, an ability to empathize with them occurs. (Sanders, 2002)
Users that are involved in the design process are considered
to influence the process mostly through and/or with their
knowledge (Bergavall-Kåreborn, Ståhlbrost, 2008).
By studying PD a clarification of whom the users are could
be made and how they could be incorporated into the design
process, and also how this could affect the outcome of the
project. Due to the project having a general and specific user,
with the aim to create a design that would express a certain
expression and to minimize the demands of a user, PD was
useful in order to obtain crucial information and facilitate the
decision making process.

3.5 Usability

According to the International Organization for Standardization, usability is defined as the ”extent to which a system,
product or service can be used by specified users to achieve
specified goals with effectiveness, efficiency and satisfaction in
a specified context of use” (ISO 2010, Paragraph two).
Jordan (1998), states that designing for usability means to design
for those who will use the product, and that usability may not
always be linked to effectiveness and efficiency of which the
user completes a task, but with how user perceives the product.
Jordan (1998, Chapter five) defines usability as; ”Usability is a
property of the interaction between a product, a user and the
task or set of tasks, that he or she is trying to complete.”
The interaction with everyday things can be simplified by
using cues by affordance, signifiers, mapping and constraints
(Norman, 2016).
According to Nielsen (1994), usability is composed by
multiple components but mostly associated with; efficiency,
memorability, errors, and satisfaction:
• Learnability: How easy it is to learn and start using
• Efficiency: When once learned, it’s able to attain a higher level
of productivity
• Memorability: It’s easy to return to the system and not having
to relearn it
• Errors: Errors should be easy to recover from and exist at a
low rate.
• Satisfaction: The system should be enjoying to use.

To achieve a product that the users won’t find to be a burden to
use and difficult to handle, the aspect of design with usability
in mind proved to be key when developing the technical and the
aesthetics of the product and also facilitate the decision making
process.

3.6 User experience

When asked about how you like a certain product, the question
is actually concerning the user experience (UX) of the product.
The question can be broken down into sub-questions that
together forms the question of the user experience, such as ”Is
it hard to do simple things? Is it easy to figure out? How does
it feel to interact with the product?” (Garrett, 2010, Chapter 1).
Hasselzahl (2008), defines UX as the feeling the user
experiences while interacting with a product, and if a product
has a well-designed UX then the interaction with the product
fulfils the ”human needs for autonomy, competency, stimulation
(self-oriented), relatedness, and popularity (others-oriented)”
(Hasselzahl, 2008, p. 2)
Albert & Tullis (2013), believes that the defining characteristics
of UX is when a user interacts with a product and that their
experience of the interaction is of ”interest, and observed or
measurable”.
The study of how the user experience affects how the user finds
the product, was important in this project. The knowledge of
user experience and its affects on a product was used in the
development of the aesthetics and technical aspects of the
product.

3.7 ergonomics

The International Ergonomics Associations (IEA, 2018, First
paragraph) defines Ergonomics as a ”scientific discipline
converged with the understanding of interactions among
humans and other elements of a system, and the profession
that applies theory, principles, data and methods to design to
optimize human well-being and overall system performance”.
Knowledge within ergonomics can create better relations
between e.g. the product and the user’s needs, ability, and
limitations (IEA, 2018). According to Edström and Malmqvist
(2018), ergonomics is the science of humans in work; the
cooperation between humans and tools.
Ergonomics can be defined as the ”science of work: of the people
who do it and the ways it is done, of the tools and equipment
they use, the places they work in, and the psychosocial aspects
of the working situation.” (Pheasant & Haslegrave, 2016, p. 4)
Work in this sense is defined by the context in which the activity
is performed, instead of the content of the activity (Pheasant &
Haslegrave, 2016)
To create a product that could be handled by one person, it was
important, in this project to have knowledge about ergonomics.
Due to the focus on the user and how the interaction between the
product and the user would be, to create a successful interaction
between these.

3.8 anthropometry

Anthropometrics is the science of the human body measurements.
(Antropometri Nationalencyklopedin, 2018). This is also
confirmed by Pheasant & Haslegrave (2016), who stated that
anthropometrics is the sciences of body measurements such
as body size, shape, strength, mobility, flexibility and work
capacity. They also stated that a user centered design requires an
understanding of the anthropometry (Pheasant & Haslegrave,
2016). The focus of anthropometry lies in the human body
measurements, proportions, posture, reach, and more. The
designer can either gather their own anthropometric data or use
already established data. By using literature data of anthropometric measurements it’s important to consider factors such as
that the average height of a person has increased by ten
millimeters sense the 20-century. (Hägg, Ericson, & Odenrick,
2010) By designing for a large diverse group, a design for all
incorporates that anthropometric measurements of the 95:e and
5:e percentile of the users population (Bohgard et al., 2010). The
anthropometry measurements was used to determine the grip
size of the handlebar, and the placement of the backpack straps.
This was done to create a design of satisfactory for the larger
general group of users.
According to Sancho-Bru and Giurintano (2003) the
recommended diameter for a handle grip is 3.4 centimeter for
men and 3.2 centimeters for women. By using 3.3 centimeters,
as in this project, will only reduce the maximum grip force
for women with 1.7% and for men 2.1% (Sancho-Bru and
Giurintano, 2003) The reduction of the maximum grip force is
so small that its negligible for this project.
According to Outnorth (n.d.), a well fitting backpack strives to
have an appropriate back length, and a persons back length may
be found by measuring the length from the spines C7 disc to the
iliac crest. (Outnorth, n.d.) Anthropometric data shows that the
95:e percentile of men (the tallest 95:e percentile of the two sex)
and the 5:e percentile of women (the shortest 5:e percentile of the
two sex) have a length measured from the height of the shoulder
to the height of the hip of 46.2 and 40.9 cm. The mean value
of this is 43.5 cm. (Bohgard et al., 2010) This value was used
for the hooking placement for the backpack straps, according
to a general back length. The length between the to hooking
placements for the two straps where established through anthropometric measurements where a mean value of the broadest and
smallest shoulders width, and of the broadest and smallest chest
width was calculated. Where the mean value of the difference
of shoulder width between the 95:e percentile of men (the larger
of the two sex) and the 5:e percentile of women (the smaller of
the two sex) was 38.1 cm. The mean value of the difference
of chest width between the 95:e percentile of men (the largest
measurement and the 5:e percentile of women (the smallest
measurement) was 33.5 cm. (Bohgard et al., 2010) The mean
value of the chest and should width would then be 35.8 cm, and is
the value which was used for further placement of the backpack
straps. Figure 8 illustrates the established measurements that
was used.
Centimeter

Figure 8: Back and hand measurements
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3.9 INTERFACE

The interface of a system can be defined as the communication platform between the user and the product. The interface
can guide how the user’s uses the product through different
clues, for instance; buttons, instructions, labels and so on. A
functioning interface quickly responds to the user’s actions
through feedbacks. (Danielsson, 2012) Studying how different
aspects of interface design can communicate different things
was a key factor in the decision making process and creative
process.

3.9.1 Colour

Colours is a tool that designers can use to control the attention
of the user, although too much colours can instead be distracting
and confusing. (Danielsson, 2012) Colours can also be used to
draw the attention to certain parts and/or to enhance a brand.
(Wikberg Nilsson, Ericson, & Törlind, 2015) Different colour
have gained different meanings due to history and cultures, such
as for the colours red and yellow. Red, have had many symbolic
usage and often associated with blood, health, anger, and more.
Due to its high purity in nature, its been signified as a signal for
danger. Although there are more gentle symbolism to the colour,
such as health and beauty. (Luckiesh, 1918) The most striking
association with the colour yellow is luminosity, and it has also
been symbolically associated with warmth, joy, and gaudy.
Although associations have been made to sickness and disease,
such to indicate quarantined ships and houses. (Luckiesh, 1918)

3.9.2 Shape

The different forms of the product can change the experience
of it. Different shapes can express the feeling of being light,
stable, compact, and more. The position of different shapes can
be cause a communication through balance. Making the user
act instinctively and affect their behaviour. (Wikberg Nilsson,
Ericson, & Törlind, 2015)

Savonius turbine
Power Coefficient = interval [1%, 15%]
Sweeping area = (Height * Width)
(Nilson & Cisneros, 2015)

H-Rotor
Power Coefficient = [45%]
Sweeping area = (Height * Diameter)
(Nilson & Cisneros, 2015)

Darvieus turbine
Power Coefficient = interval [25%, 40%]
Sweeping area = (2/3 * Diameter)
(Nilson & Cisneros, 2015)

Gorlov helical turbine
Power Coefficient = [≈55%]
Sweeping area = (Height * Diameter)
(Alsayid et al., 2017)
Figure 9: The different type of VAWT

3.10 CALCULATIONS

Mathematical calculations have been made to determine the
size and power of system driven by solar power and different
vertical wind power systems. Decisions of which self-sufficient
system that should be used was based on these calculations.

3.10.1 Solar Power Effect

Ps = As * n m * ne *Gt
Ps = Solar panel Power [W]
As = Surface area of solar panels [m 2]
n m = Maximum level of efficiency for solar panels [≈14 %]
ne = Maximum level of efficiency for cooling system [≈90 %]
Gt = Sun radiation rays [W/m 2]
(Nilson & Cisneros, 2015)

3.10.2 Vertical Axis Wind Turbine Effect

Effect of VAWT follows the same formula but differs in the
sweeping area and efficiency constant.
Pt = 0.5 *Cp * p * A * v3
Pt = Turbine Power [W]
Cp = Power Coefficient [kJ /kg *K]
p = Density [kg /m3]
A = Sweeping area [m 2]
v = Wind velocity [m/s]
(Nilson & Cisneros, 2015)
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4.

4. Method and Implementation

4.1 process

A new product was developed, that needed to be user-friendly and co-exists which other objects and life that already exist
in the archipelago. The design methodology chosen for this
project was Design Thinking, due to its nature of being ”human
centered and focused on the user” (Berardino, 2016, p. 218).
The practice of Design Thinking incorporates a human centered
approach to problem solving and consists of an iterative process
that ”moves from generating insights about the end users, to
idea generation and testing, to implementation” (Kimbell, 2011,
p. 285-306). The methodology of Design Thinking employs a
broad iterative process (Berardino, 2016).
Due to the level of innovation of this project and the demands
that are set, it is essential to have an iterative process when
gaining new information, knowledge, or feedback, to create the
desired product. Through the chosen process a project planning
could be made and decisions in which methods that should be
used during the projects process. The study of participatory
design, presented in chapter 3 Theoretical framework, insured
that an enlightenment of how and when the participation of the
different users may affect and contribute to the project. The
study also facilitated an awareness of how/when to include the
different users and in what way. The involvement of the different
users are presented further in this chapter.

4.2 PROJECT PLANNING

The decision-making process can improve by applying visualization techniques that communicates the relationship between
the projects information. (Liston, Fischer, & Kunz, 2000). The
project planning of this project has been visualized through
using a GANTT-schedule, as illustrated in the appendix C. The
time schedule has been divided into the different phases that
the Design Thinking methodology consists of. The different
stages and phase of the schedule have been performed through
an iterative momentum, in other words, a stage or a phase may

have been taken a few times although in different contents. By
following a time-schedule that incorporates iterative processes,
it made it possible to understand how much time and details
could be spend and defined.
A logbook was carried out to document what was done on
what day, what needs to be done to what day, and to evaluate
the projects momentum. During the last stage of the project the
GANTT-schedule was abandoned due to changes of deadlines,
and the project continued through the process of the logbook.

4.3 INSPIRATION

According to Brown & Wyatt (2010), the inspiration stage can
be thought of a period in which the problem motivates the search
for solutions.
In this stage, information and knowledge was obtained to clarify
the assignment and to restrict and inspire ideation of solutions
for the problem. By understanding and defining the problem,
and the projects framework, a clear construction of the designs
needs, and requirements could be constructed.
This stage was conducted through the phases Empathize and
Define.
Within the Empathize phase, the goal is to obtain an understanding of whom the product is being developed for, and how
and when it will be used. Through the Define phase the goal
is to define the problem statements, and the product specifications, expressed through a Human Centered Design perspective.
(Dam & Siang, 2018a)
To achieve these goals, numerous methods were conducted to
gain knowledge, obtain empathy, establish the projects problem
statement, and the products specifications and requirements. The
methods that were used in the inspiration stage are presented as
followed.

This chapter present the different methods and processes that been used in this
project in a chronological order. Where a theoretical introduction to the method
is first presented and then how the method was conducted and utilized, and then
what was gained from the methods.

Figure 10: Representative image of the GANTT-schedule
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4.3.1 Field Studies

According to Dix (2009) an immersion into the user’s workplace
can be obtained through field studies, in which the agenda is to
improve or evaluate a proposed design, or to explore ideas or to
attempt to obtain unexpected knowledge about an area.
A field study is a research activity that occurs in the user’s
context rather than in an office (Farrell, 2016). The goal of field
studies are generally one of the following, according to Susan
Farrell (2016);
• Gather task information: Studying how users do things and
why they perform tasks in a particular way, are done to prevent
mistakes when creating products.
• Understand people’s needs: Studying what their needs are and
how to address those needs.
• Obtain data: Through field studies, an depth in the understanding of the users can obtained, which can be aid the description
of the users.
Information about the intended users was obtained through field
studies in which observations, documentations, and interviews
were conducted. The environment and climate of the archipelago
was observed to understand the working environment for the
SSRS and to understand what the product needs to able to
withstand.
The station that was visited, to conduct interviews and to make
observations, was located on the island Rörö and was the most
active SSRS station, according to an SSRS employee (Personal
communication, 2018-02-15). An understanding of the user’s
thoughts and behaviours can be obtained through interviews
(Dam & Siang, 2018b). A semi-structured interview is when an
interviewer has a prepared list of questions to ask the person,
although allowing the interview to unfold into a conversation,
and thus enabling the person being interviewed to explore
issues and topics that they feel are important. (Longhurst, 2003)
A semi-structured interview was conducted to leave space for
the interviewees to bring up other issues and anecdotes from
their work and work environment, that would be helpful for
the process of immersion. Areas in which the results from the
interviews needed to focus on were decided in beforehand, as
illustrated in Figure 11.
The primary interviewee was an full-time employee of the
SSRS, who sometimes is stationed at Rörö.
Figure 11: Area of interest for interviews
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The other members that also were stationed there that day,
were invited to join the interview and the discussion. In the
interview, the members explained how they work, and what
type of scenarios they may face and endure. An example was
that when they decided to land on an island, they usually throw
a towel onto the rocks in order to make the landing less slippery
(Personal communication, 2018-02-15)
They also explained the climate of Gothenburg’s archipelago and
how during the different seasons of the year different tasks are
conducted and prioritized. Observations of their equipment that
they use and how much spaces there is on the boats were noted
for future notice on transportation of the product, see appendix
D. A discussion was made about the project in which subjects
such as their equipment, different anecdotes and scenarios were
discussed.
A trip was made in one of their rescue boats to see the archipelago
and the potential locations for the product, and to create a deeper
understand of their work.
Field studies were made to the archipelago during the winter and
summer seasons, to experience the climate when it’s cold and
harsh and when it’s warm and comfortable. This was important
because the product needs to withstand all types of climates. The
observations also facilitated the immersion processes within the
project, and documentation were done through photographing.
The field studies of the archipelago were also made to explore
and immerse into the environment as a leisure person. Documentations was also made to study what’s significant and typical
for the nature of islands and man-made structures that already
exists, see appendix E and F.
Empathy and understanding of the SSRS working conditions
were obtained through the field studies. Anecdotes of the
difficulties that the SSRS face were told and an inspection of
what type of equipment that they wear was made.

4.3.2 Interviews

Interviews were held with several different individuals to obtain
specific details that would affect the projects framework and to
gain knowledge that wouldn’t have been obtained otherwise.
Through a semi-structured interview, the questions are
pre-written. According to Dam & Siang (2018b), the questions
should be placed into different topics to create a natural flow
during the interview while covering all the different issues.

They also explain that it’s important to not shy away from asking
the question ”why”, even though the interviewer might already
know the answer. By doing this the chance increases of finding
out information that would other whys have gone missed. (Dam
& Siang, 2018b)
Interviews were held with the county administrative board,
to gain information about restrictions and legislations that the
product needs to uphold, and with different experts within
the areas of solar panels, wind turbines, weather, and so on.
Questions were asked to engineers within solar panels, wind
turbines, and researchers (such as from SMHI) were contacted
regarding questions about the weather, to restrict the project and
aid in the decision-making process.

4.3.3 Literature Review & Information Gathering

A literature review is conducted through a thorough search and
critical analyzation of relevant information from both research
and non-research literature, to gain an objective summary of the
subject being studied. A well performed literature will also
contain many critically analyzed sources. (Cronin, Ryan &
Coughlan, 2008)
A literature review was carried out with the intention of obtaining
relevant and specific information and knowledge about different
areas such as; methods that would aid the process of obtaining
certain information and knowledge, practical information that
is required to be able to develop a functioning product, natural
facts that can affect the design, and mathematical formulas
to calculate and correctly design specific parts. Information
gathering is a critical step within a product design process. With
the gathered information, designers can define the problem their
facing, generate solutions, and evaluate to meet the customer’s
needs (Bursic & Atman, 1998).
Information about weather stations, Gothenburg’s archipelago,
and relevant technology limitations, were gathered and was
crucial in the process of determining the framework of the
project and laying down a foundation in which the creative
process could thrive. The information gathering process was
primary conducted through the use the search engine Google,
and through pamphlets and books, attending boat fair, museums,
field studies, and conversations with experts. The results from
the literature review and information gathering is presented
in chapter 2 Context, chapter 3 Theoretical Framework, and
chapter 4 Method and Implementation.

4.3.4 Stakeholder & User Analysis

An understanding of products different stakeholders and users
is needed to be able to develop and design a product for the
intended user. A stakeholder is a person, or a group of people
who either have the power to affect the project or are the ones
affected by the projects outcome (Dam & Siang, 2018e). A
user analysis provides information about the users and how
they work. To conduct a user analysis certain information was
needed to be collected. The information can be obtained through
interviews with the future users, observing work situations, and
collecting relevant information. (Damodaran, 1996)
By using Damodaran’s list of question, a structured analysis
could be performed based on information that’s been previously
gathered through e.g. interviews, information gathering and
literature review:
• Who will be affected?
The members of the SSRS who will oversee handling the product
will be affected the products design. The product will be placed
in public spaces, which means that people in the surrounding
area will also be affected and wildlife that lives on the island
or in the surrounding area, will also be affected by the products
design.
• Is it possible to identify just two or three main user categories?
The main users of the weather station can be detected by
studying those who are affected by it. The main purpose of this
project is to design a product for the SSRS with focus on those
who will be handling the weather station. Although those who
are directly affected by the design are those who interact with
the product, this will also mean that the public is one of the main
users as well as the SSRS.
• What are the characteristics of people in each user category?
The members of the SSRS who will handle the product will be
of a professional character, and the public that interacts with the
product will be of a leisure character.
• What are the characteristics of the task performed by each
user category?
The members of the SSRS will have the direct interaction with
the product through the tasks of transporting and installing
the weather station onto different islands. The public will
only interact with the weather station as a fixed object in the
archipelago and will only have the task of observing the product
through sight, touch and feel.

Figure 12: Books and pamphlets that were used
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• What do different users like and dislike?
The members of the SSRS dislikes an additional work task and
would like a simple system that doesn’t require any additional
information to operate. They would also like the station to
function as an advert for the SSRS, to gain more members and
donations. The public would dislike the weather station if it
didn’t correlate with the archipelagos scenery, and if it appeared
dangerous and untrusting.
• How are the different users likely to react to the system?
If the design of the product is done well and the aesthetics are
pleasing, then a feeling of joy and pride might form towards
the product by the SSRS, and the public might feel respect and
interest towards it and the SSRS organization. Although if the
interaction between the SSRS and the product is of poor design,
frustration and dislike could be generated, and if the public find
the aesthetics poor and the design dangerous, then animosity
might form towards the product.
Analyzing who the stakeholders and users are and how they
will be involved with product, was a key factor in determining
what the needs and requirements would be for the product, and
how much impact each stakeholder and user should have on the
designs requirements and needs.

4.3.5 Benchmarking

later ideations of solutions by and acknowledging competitors
and similar products.

• Pamphlets of the archipelago - How the archipelago is
perceived through tourist pamphlets

A benchmarking was done through studying different subjects
to gain information about the current technologies and
competitors that relates to the specific requirements of the
weather station. The information for the benchmarking subjects
were gained through the method of information gathering, using
the search engine Google, by attending boat fairs, observations
from the field studies, and interviews and conversations with
experts. The different benchmarking were then summarized
into different styling boards (further discussed in segment 4.3.8
Styling board) to facilitate an over-look of the results from this
method.

• Gothenburg’s archipelago according to myself - How I
personally perceive the archipelago from personal experience.

4.3.6 Mindmap

Mindmaping is a visual technique in which a key aspect or a
problem statement is written in the middle of a page, which
the participants then writes solutions and ideas for the problem
statement, that then are connected with lines and curves. (Dam
& Siang, 2018d) A mind map is based on an organization of
information via hierarchies and categories, in which associations
flow out from a central image. Lesser relevant topics that stems
from the key word / central image, branches out from the center
(Budd, 2004).

According to Carpinetti & de Melo (2002), a product
benchmarking is when products are compared. A fundamental
step in boosting product performance is through defining the
product of interest with a benchmarking (Carpinetti & de Melo,
2002). Through a benchmarking process, understanding of
where potential market openings are and how to utilize these
opportunities and what it would take to do that, is gained (Otto,
2003). Camp (1989) (quoted in Carpinetti & de Melo, 2002)
categorized benchmarking in different categories, such as;
• Internal Benchmarking: Comparisons are done between units
within an organization.
• Competitive Benchmarking: When comparisons are done on
direct competitive products.
• Functional Benchmarking: Comparisons are done on specific
functions.

With the previous gathered information and knowledge, a mind
map was conducted to create a visual understanding of what
is important for the product. Two categories, ”Design” and
”Functions”, were explored with the two main users in mind,
see Figure 13. A better understanding of what is required to
investigate within the development of the product was obtained
through the method of mind map.

The aim of the benchmarking was to define what would be
unique and innovative with this project, and to inspire and aid

• Luxury life - How the archipelago is perceived by a wealthy
leisure person

Figure 13: Mindmaps

To gain a better understanding of what the archipelago is
associated with and to aid the design process of creating a
product that fits well into that scenery, different mind maps
were created of different subject themes. The chosen themes to
explore were;
• Working life - How the archipelago is perceived by a person
who works in the archipelago

4.3.7 Mood boards

A Mood board is a collage of pictures, sketches or words,
that creates a visual representation that expresses an emotion.
(Wikberg Nilsson, Ericson, & Törlind, 2015)
The reason for creating mood boards in a design process, is to
improve communication between the designer and the client
or other stakeholders, and to inspire the designer during the
process. Although the value of using mood boards differ, some
claim that it inspires creativity and facilitates communications
and others say that it ads no value (McDonagh & Storer, 2004).
Mood boards can also be described as a technique that creates
abstract images which e.g. the designer can immerse themselves
into, to understand a state of emotions that a product may
associate with (Bruseberg, McDonagh, & Wormald, 2004).
With the use of mood boards, a collection of images is gained
that can be used when developing concepts and communicating
ideas and expressing the overall feeling that the designer wishes
to express (Pimlott-Wilson, 2012).

4.3.9 Requirements list

A requirements list was created based on the previously gathered
and established knowledge and information using the different
methods. The requirements were specified into two categories,
Demand and Wish, to understand the prioritization between
the requirements. Demands are items that should be considered
whenever possible, meanwhile wishes are classified as of major,
medium or minor importance (Pahl & Beitz, 2013).
During the design process the requirements list was used
as a tool for defining the project, ideate and evaluating ideas
for solutions. A requirements list was developed based on
the information gathered from the methods literature review,
information gathering, interviews, observations, stakeholder and
user analysis, benchmarking, and mindmaps. The formulated
requirements list was done with the inspiration of Pahl & Beitz’s
”Requirements list”, in which the requirements list was divided
into Wishes and Demands, to understand the prioritization of
the different specifications. To finalize the requirements list,
a meeting was held with the project assigner and their most
knowledgeable person within weather measurements. The result
of the requirement list was therefore based on information and
knowledge gained through the previous methods, establishment
of the current state, the immersion of environment & climate,
and input from the project assigner at SSRS and supervisor at
ALTEN. Figure 14 illustrates the final requirements list.

To facilitate the processes of creating a product with a desired
expression, the method of mood boards was used. Different
mood boards were created to visualize the same themes from
the mind map method. The mood boards were based on previous
obtained knowledge and information, and the results from the
mind maps.
Mood boards endured a process of evaluation and redesign,
to create a mood board that would express a homogeneous
perspective of the archipelago that most people would agree
upon. The evaluations process was done through two workshops,
first by participants who never/rarely are in the archipelago
and then by participants who are often in the archipelago. The
mood boards, see appendix G, were redesigned in between the
workshops, which resulted in two mood boards. These two mood
boards were then evaluated by the second group and redesigned
into one last and final mood board, as presented in Figure 15.

4.3.8 Styling board

A styling board is a collage like a mood board but with a different
agenda. A styling board consists of pictures of e.g. competing
solutions to generate inspiration during ideation. These pictures
can be of similar solutions, or from completely other areas, or
just form, colour, technology, and material. (Wikberg Nilsson,
Ericson, & Törlind, 2015)

Figure 14: Requirements list

Styling boards were created to establish a visual summarization
of the results from the benchmarking, and the literature review
and information gathering over the technical limitations and
issues. The styling boards were created to easier understand the
problems at hand, to evoke inspiration, and to aid communication between the designer and the stakeholders. Another styling
board was created based on an analysis of the SSRS design,
which was made through studying their graphic design manual,
see Figure 16. This was done to evoke inspiration and be used as
an evaluation tool for the ideation process, due to the need of the
product to express the SSRS design.
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4.4 Ideation

Through the ideation stage, ideas will be generated, developed,
and tested (Brown & Wyatt, 2010). Ideas and thoughts will be
generated about product solutions and new ways of approaching
the problem statements. The results of this phase will be in
forms of developed ideas which will be evaluated and further
developed. (Dam & Siang, 2018a)
The goal with this stage was to create a developed idea of the
product solution. Creative methods were used and re-used
through an iterative process in which different subjects were
managed, in order create a detailed solution idea. The goal
was also to explore all the different possibilities of finding
inspiration for the idea of the product solution. The subject
that was being explored was first expanded to obtain as much
influences as possible and to create a vast number of ideas,
and then contracted through a systematic evaluation, to clear
through all the different ideas.

4.4.1 Analogies

Using analogies is basically ”Exploring unrelated concepts
for an insight, which you can apply to your own problem’s
context”. Analogies can be used by e.g. looking for similar
objects, systems, and even creatures. (Interaction Design, 2017,
Paragraph 5) Just as Henry Fords assembly line was inspired by
a slaughterhouse assembly line (Goss, 2018).
The purpose of analogies is to aid and facilitate new ways of
viewing the problem and generate unconventional ideas of
solutions. This can be done through a so called ”direct analogy”,
which is when similarities from different worlds are searched
for, regarding the chosen object. The search can be conducted
within the animal kingdom, sports, or the human body. The key
is to think that one object can be used for a different purpose.
(Johannesson, Persson, & Petterson, 2013)
Biomimicry is when solutions for problems are searched for and
found by basically copying form how nature has solved these,
sometimes, similar issues (Interaction Design, 2017).
By using analogies, inspiration was obtained in ordinary and
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Figure 17: Sketches inspired through analogies
Figure 15: (Top) Mood board
Figure 16: (Bottom) Styling board

extra ordinary objects and life. Inspiration for the analogies
was made through attending boat fair, Gothenburg’s museum
& aquarium, outdoor shops, design stores, and exploring the
archipelago, see appendix H and I. The goal with this method
was to find inspirations and stimulate the creative thinking
by submerging into different areas, to create a product that
would fit well with the archipelago and have a modern design
expression. The use of analogies proved to be effective in the
way that it facilitated inspiration from the animal kingdom
in which structure and forms were copied, as the sketches in
Figure 17 illustrates.

4.4.2 Brainstorm

Brainstorming is a method for an individual or a group to e.g.
generate ideas or finding solutions to problems and is performed
within a non-judgemental environment (Wilson, 2013). The
strengths with conducting a brainstorming session is according
to a study of the method that there is a positive correlation
between quantity and quality of ideas (Pranes & Meadow,
1959). According to Johannesson, Persson, & Petterson (2013),
to conduct a brainstorming session there needs to be a group of
5-15 people who will create as many ideas as possible, and were
quantity goes before quality. By working in a group, different
ideas generated from others can be combined and extra ordinary
ideas can be formed (Johannesson, Persson, & Petterson, 2013).
The goal with the brainstorming sessions was to create a
vast number of ideas within a certain subject, such as when
exploration of forms, functions, and solutions for the product.
This method was continuously conducted throughout the
ideation stage, due to the iterative process when obtaining
new knowledge for further development the ideas. The brainstorming sessions were mainly conducted through sketches on
A4 papers, in which caused a limit to the amount of ideas that
could fit on each paper. This would promote the behaviour of
creating new ideas on every new page. From the brainstorming
sessions a countless number of my own ideas were generated.
These brainstorming sessions were done often and in between
other creative methods, to obtain ideas after a creative method
or before/after an information research, in order not to be utilize
the inspiration that was gained to create a vast number of ideas.

22

4.4.3 Cluster

By combining ideas of individual solutions, a more complex
concept can be formed. The combination of ideas can be used
when many of them starts to resemble each other (IDEO, n.d.).
According to Tassoul & Buijs (2007) clustering can be done
in a few ways. Morphological clustering is when a problem is
made into different sub-problems in which ideas/solutions are
formed from them. These sub solutions are then combined into
a concept (Tassoul & Buijs, 2007).
The method of clustering was used after the brainstorming
session to further ideate and create detailed ideas. The method
was also used within other methods in order to facilitate the
ideation and inspire new thoughts and ideas.

4.4.4 Workshop

Two workshops were conducted, the first one with the colleges
at ALTEN and the second one with the members of the SSRS.
The agenda of the workshop held with the colleges at ALTEN was
to first evaluate the mood boards representing the archipelago,
then create mindmaps over the different subjects (as previously
stated in 4.3.6 Mindmap), and lastly to generate ideas for the
product solutions. The workshop was held in a project room at
ALTEN with five participants in which two were student, and
three worked within the ’Design & Visualization’ department.

to make the participants use the ideas on the white-board, add
new ideas, and create a concept each they then presented toward
each other.
The agenda with the second workshop, which was held with
the members of the SSRS, was the same as with the first
workshop. The workshop that was held at the headquarters of
the SSRS consisted of two participants, the project assigner
and the communication manager of their weather application.
The workshop began in the same way as the previous workshop
and continued with an evaluation of the modified mood boards,
where the participants marked and described what they thought
represented the archipelago. A briefing of the project was
presented followed with a brainwriting session, where different
problem areas was brainstormed. The workshop ended after this
exercise, due to discussions during and in between the exercises,
which also generated ideas and defined the project.

4.4.5 Quick-and-dirty prototyping

Prototyping, according to Berardino (2016, p. 227), ”is the act of
getting ideas and explorations out of your head and into the
physical world.” Paper-based prototypes are mock-ups of the

ideas look, feel, and functionality. By creating them ”quick
and dirty” they tend to be cheap and easily made and provides
multiple views of the idea. The ideas can emerge from brainstorming sessions, and without dedicating too much to them,
they can be visualized easily. (Berardino, 2016)
This method was used to create more ideas by brainstorming
within the 3D space. The material that were used was paper,
clay, tape, paper-clips, glue, and cardboard boxes. By creating
small prototypes, it was easy to cluster the different ideas to
form new one and obtain new thoughts. The different features
and functions could be clustered together to form an optimal
idea.
The method was also conducted to study the ideas within a 1:100
scale, where a cut-out paper model of a person was made to gain
a better understanding of the size of the product. Eliminations
due to practicality could be made through this method, and
further ideas could be formed and development. The method
was also used to understand certain functions and how they
would work.

According to the psychologist Alice Isen study, cited in Norman
(2004), people think more creatively when they feel good,
and are prone to generate more ”out of the box” thinking. The
study also showed that individual brainstorms are performed
better and that the individuals are better at examining multiple
alternatives when they feel good. According to Norman it’s
therefore good to start a brainstorming session by warming up
with jokes or games (Norman, 2004).
The workshop started off with a game called With-otherwords as a warm-up exercise to loosen up and start the creative
thinking. After the warm-up exercise the participants were
divided into two groups and handed a few mood boards to
evaluate (as previously mentioned in ”4.3.10. Mood Boards”)
The evaluation was done by circling and pointing out what
they thought associated with the archipelago. The goal was to
make the participants thinking about the archipelago and what
they feel about it, and to gain insight in how they perceive the
archipelago.
The groups would then be handed a A3 paper and create a mind
map over what they associate with the archipelago. After the
mindmap an introduction to the project was made where certain
problem areas were explained and taped to a whiteboard in which
a brainwriting exercise could then conducted. Brainwriting is
a method of generating ideas by a group of people in silence
and through writing. Different techniques can be used when
conducting a brainwriting session, such as through a so-called
brain pool. This is when the facilitator presents a problem which
the group then silently writes down ideas for solutions on a piece
of paper and places under the problem, to inspire and stimulate
the other group members creativity. (VanGundy, 1984)
The participant would then generate solutions and ideas revolving
the different problem areas, write/sketch on a post-it and post it
underneath the problem area that was taped on the whiteboard.
The workshop ended with the participants conducting the
method of clustering. The goal with the clustering method was
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Figure 18: Workshop session

Figure 19: Quick-and-dirty prototyping

24

4.5 Implementation

The Implementation stage turns ideas that were formed by the
ideation stage into ”concrete, fully conceived action plan”,
through the process of being ”tested, iterated, and refined”.
(Brown & Wyatt, 2010, p. 35) Within the Implementation stage
the phases Prototype and Test were conducted. The goal with
these phases were to evaluate the concepts to further develop
them, and to create an end concept in which a final design could
be made that consisted of defined details (Dam & Siang, 2018a).
The concepts in this stage have endured an iterative developing
process by creating surface-models, full-sized prototypes of
certain parts, and feedback from the project assigner and the
colleagues within design at ALTEN. By creating prototypes
through the Computer Aided Industrial Design program
(CAID), Alias Autodesk 2016, quick visualizations of the ideas
could be made.
According to Wikberg Nilsson, Ericson, & Törlind (2015),
prototyping consists the different design alternative, by e.g.
testing different combination and possibilities. The CAID
program was first used as a sketching tool to complement the
sketches done with pen and paper. Numerous sketches were
made through the CAID program, which were then presented
for the project assigner for feedback opportunity and to include
the SSRS in the design process. The process during this stage
was to decide how certain functions of the product would be
designed to obtain a specific result. Information and knowledge
about e.g. semantics and ergonomics were applied in the process
of creating the shape, function and colour setting of the product.
Different concepts were created to be reviewed by colleges and
the project assigner.

how the end-concept would perceive in the desired location in
which it will be placed.
The generated concept from the ideation stage was further
developed and designed. Through calculations and development
of the designs, different concepts were created at the same level
for continuous evaluation of these concepts to occur.
Different types of VAWT were studied to obtain decision making
material for the choice of what VAWT to use. The decision would
be made judged by the different VAWT performance capacity,
aesthetics appeal, and their ability to perform certain functional
requirements.
After the decision of which VAWT will be used, more detailed
design was done towards the different functions and abilities
for these functions to work. Calculations, consultations with
experts, and use of anthropometric measurements where made
to decide and determine the size and shape of the products
different parts.

Through information gathering and conversations with experts,
calculations of the self-sufficient system could be made to
estimate the size of the system, which served as an evaluation
process and aided the further development of the concepts.
The concept that was starting to take shape, was stripped into
different pieces to make decisions and further develop the
design of each part, as seen in Figure 21. Different varieties of
the idea were constructed, this was done to gain feedback from
colleagues of how they found the idea and if the idea achieved
the desired expressions.
Due to the restrictions of the technical part of solar panels,
which interfered with the design requirements of the project,
the decision was to not create a self-sufficient system that
was driven by solar power. With the calculations presented in
segment 3.10.1 Solar Power Effect and 3.10.2 and Vertical Axis
Wind Turbine Effect, an with guidance from engineers within
these areas and SMHI, and the results from the calculations seen
in appendix J, the decision was made to develop a self-sufficient
system based on the VAWT.
According to Wikberg Nilsson, Ericson, & Törlind (2015),
mock-ups are a fully scaled model that can be used to test
functions, ergonomics, and manoeuvrability. This method was
used to test the size of certain parts of the concepts, to fully
understand how it would be perceived and how manoeuvrable
and accessible it would be to operate, as seen in Figure 20.
Details in colour and functionality were tested in the CAID
program through simulations and renderings. To test the
concepts ability to fit into the archipelago, renderings were done
with the program Alias Autodesk and Adobe Photoshop to study
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Figure 20: (Top) Mock-up size test
Figure 21: (Bottom) CAID-testing
Figure 22: (Right) Ideation process
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4.6 Method discussion

A discussion of the chosen methods and how they were
performed is made and analyzed to establish the relevance and
reliability.

4.6.1 Process and Planning

Both a broad and a more detailed plan could be made by
combining the design methodologies Design Thinking, Human
centered design, and Participatory design. Although the methodologies are being very broad, they facilitate the forward
motion of the process. The design methodologies encouraged to
engage in an iterative process, which was a key factor because
new knowledge and information continuously came forward
during the process of every stage and phase and thus made it
possible to create more a detailed product. The level of iterative
process was sometimes hindered by the time-schedule, which
encourage to keep the project moving forward and not get
stuck in a continuous loop of iteration. The time-schedule was
first re-constructed and abandoned during the last stage due to
changes of deadlines that was out of the projects control. The
logbook was used through out the project and a key factor when
planning, documenting and evaluating the work process.

4.6.2 Inspiration

Different types of weather stations currently exist although the
results from the benchmarking provided information that there
are currently no portable & self-sufficient weather stations,
intended to do what the SSRS want the weather station to be
capable of. Due to this the project is of high innovation, which
makes the design process more complex and the project field
unexplored.

make the projects outcome credible and reliable.
Insight into the level of innovation that needs to be executed to
create the desired product was obtained through the method of
benchmarking. The benchmarking also gave an understanding
of what the market for this kind of product would be, but time
and energy was not invested in discovering what type of market
value the product could have. The fact that the consumer of the
product would be the project assigner and the SSRS, meant that
focus went to creating a suitable product designed for the SSRS
and their intentions with the product.
Immersion into what type of environment the product will face
was rewarding in the process of creating and stating the different
demands in which the product should fulfil to be functional.
The SSRS is, however, located all over Sweden and the coastal
environments differ from one place to the other. This means that
the product, which was designed for Gothenburg’s archipelago,
might not be suitable for other environments other than that.
If the project would have be done again, more insight into the
difference in climates and environments throughout the coasts
of Sweden would have been studied to create a product suitable
for any coastal location.
To collect relevant and needed information, the project needed to
step into the ideation stage to find out what needed to be studied.
There was therefore a revolving process between the two stages,
in which new knowledge sprung new ideas that needed new
information to develop, which created new knowledge that then
again sprung new ideas, as illustrated in Figure 23.

The broad nature of the chosen methodologies gave the project
few restrictions which enabled and promoted creativity and an
iterative process. The methodologies aided the project through
stating recommended methods that can be conducted in the
different stages, and by stating goals that each stage preferably
achieves.
A studying of who the actual intended users were and who
would be affected by this new product, gave an awareness that
was brought into the development of the products specifications. This enabled that a reflection of the reality in which the
product will be used and how it will affect others was taken into
obtained.
The information that made it possible to gain empathy for the
intended users was mainly obtained through interviewing the
future intended users and submerging into their environment.
Although the intended users could be contacted, the project was
not able to conduct usability test, due to the earlier stages of the
product development. Interviews were held with the intended
users to understand who they are and how they work. The idea
was to include the intended users in the process, more then they
were, although their schedule would not allow those kinds of
inclusion.
The literature review and information gathering process was
a process that continued throughout the project. By every
insight and forward step, a literature review and an information
gathering was conducted to provide with new information and
knowledge. The process of taking two steps forward and one
step back may have slowed the process down, but it would also
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Figure 23: Information cycle

The specifications of the products requirements were based
on gathered information and knowledge. It was then presented
for the project assigner and then the supervisor at ALTEN to
obtain feedback from both the client and from an independent
viewer. The feedback was then used to readjust the requirements
for the project and product. The requirement list consisted of
broad statements that could be achieved in different ways,
although they were very clear in what the product should be
able to achieve. This opened the creative process of the project
and enabled innovative ideas to be created and studied. The
requirements guided the development of the product in a way
that it served as an evaluation tool for the ideas. However, some
of the specifications on the requirements list requires usability
test to evaluate if the specification was met or not. These tests
couldn’t be performed due to the earlier process of the product
creation. This could therefore reduce the reliability of the results.

4.6.3 Ideation

The first steps of the Ideation stage were to lay down a
foundation in which the ideation could grow. This was achieved
through making mindmaps, mood boards and styling boards.

The mindmaps and mood boards were done by myself first to
note what I thought (without the input of others), and then an
involvement with other individuals was made. The mindmap
and the mood boards would represent what Gothenburg’s
archipelago is associated with. Two different groups with
different involvement and relationship with the archipelago was
used to establish a more reliable result. One group had some/
hardly any experience with the archipelago which could result
in a leisure or stereotypical view of the archipelago. The other
group had spent very much time in the archipelago which could
create a more realistic view, due to experience that the other
group might not have. The first group might create an idea of
how the archipelago is viewed on days in which leisure people
might attend the archipelago meanwhile the other group might
do the opposite. The first group consisted of five people, while
the other group only consisted of two, which could affect the
reliability of the tests. The more people that would have been
involved in this process would mean that a more homogeneous
view of the archipelago could have been achieved. The remarks
from the different groups was summarized together by a mood
board that contained what they all thought the same of. The
difficulty with creating a mood board that would have a desired
expression is that individuals see the images in different ways. To
reduce the risk for misinterpretations, the groups were asked to
explain the images that they chose, in which these explanations
were noted. The mindmap would also act as another way of
describing what the archipelago means to each and one of them.

for the project assigner to gain feedback of what he thought
was best and most important, as the designer for the SSRS and
client. This was done due to the insight from the studies of Participatory design (presented in 3.4 Participatory design), to
incorporate the client and to gain a different insight into how
the ideas were interpreted.
The development of the final idea was an evolutionary process,
in which the ideas that didn’t work were not further developed
or explored. Although the knowledge that was gained by
exploring all different types of ideas remained, and in that
aspect contributed to a more credible ideation process.

4.6.4 Implementation

Through the implementation stage the idea that had evolved
through numerous iterative process and natural selection, started
to define more details and a structured product was starting to
be established. By conducting calculations, walk-throughs, and
mock-ups, details of the products shape, look, and functions
were established. The amount of methods used in the implementation stage could be argued as too few, although I found the
processes of the implementation stage to be thorough and with
a regular loop of re-design and establishment of details, which
would create a well-motivated product.

For the product to express the design of a SSRS product, a
styling board was created through an analysis of the SSRS
graphic manual called ’SSRS Grafiska Guideline ver 4’. The
SSRS does not have any similar products or other products that
aren’t vehicles of different types. This meant that the design of
this product would be first of its kind for the SSRS. Different
features were noted such as; colour codes, logo placements,
different typefaces, and also the different shapes and curves that
the SSRS rescue vehicles have.
The largest part of the ideation was the brainstorming sessions,
which was mainly done by me through my own ideation, but
also through workshops. The project was done by myself which
meant that I didn’t have a group member who could think about
other possibilities and have a different creative mindset. Due to
this I thought it was important to explore a vast number of areas
and ”leave no stone unturned”, to add credibility to the project.
The different attributes that the product needs to feature, was
broken down into smaller areas which brainstorming sessions
could be conducted. I started of having a brainstorming session
with myself and exploring the different areas, through thoughts
and ideas, which I then evaluated when I couldn’t think of any
more ideas. The workshops were used as a source of inspiration.
I was careful during the workshops to not influence the
participants with my own thoughts and ideas, in order reduce
the risk of restricting / affecting their creative thoughts and
thus the results. After the workshops I had another brainstorm
with myself to use the inspiration I gained from the session. I
arranged another workshop but with the SSRS, which would
then give me more inspiration to further develop new thoughts
and ideas.
Throughout the ideation processes, continuous evaluation was
done to brainstorm on one idea and further develop it. The
largest decision was to steer away from using solar panels, as
the project was first restricted to, and instead use vertical axis
wind turbines. At each big decision, a presentation was made
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5. Final Design

5.

In this chapter the final design of the product will be presented, along with a
detailed explanation behind the different features. The weather station consists
of a two-part system and will first be presented as a whole and then one part at
a time.
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24, making the assembly of the turbine and structure easier to
guess, learn, and remember for the users that are assembling
the weather station. This can also be seen by studying the more
primitive shapes of the weather station, illustrated in Figure 25.

5.1 The weather station

The weather station consist of a two part system turbine (top
structure) and the bottom structure. These can be connected
togther by inserting the turbine through the top of the bottom
structure. The tubrine connects automaticaly into the generator
that is located inside the bottom structure. When the VAWT
spinns the generator creates power for the unit to use. The
battery, computer, signal system, converter, GPS, are placed
inside the structure. Any additional tools, are also located and
stored inside the structure, in order to keep everything in one
place.

5.1.2 Colour

The colour combination is based on the need to express the
SSRS and the need to blend into the archipelago environment.
By using colours that represent the bare stone island found in
Gothenburgs archipelago, and having darker colours at the
bottom and lighter colours at the top, the weather station would
blend better with the island and the sky, as illustrated with
the colour extraction from a picture taken of the archipelago
in Figure 29. The colour design of the bottom structure is also
made to mimic how the stone islands look, as illustrated in
Figure 27.

5.1.1 Shape

The differences with solar panels, horisontal axis wind turbines
(HAWT), and VAWT is that the first two system needs to be
facing a specific direction to work. The solar panels need to be
facing towards the sun, and the HAWT needs to be directed
towards the wind. The VAWT can work from any wind direction,
which eliminates a demand that would otherwise be put on the
user to know the correct direction.

Figure 24: Directions

The shape and structure of the weather station was inspired
through analogies of two typical animals that lives in
Gothenburgs archipelago, which were crabs and jellyfish. The
crab having a very stable and structured expression was used for
the bottom structure, and the jellyfish having a soft and flowing
expression was used for the top structure.
The Gorlov helical shaped VAWT was chosen due to its efficency
of harvesting power and its aesthetics. The Gorlov helical
shape has a less agressive and stale look than e.g. the H-rotor,
which had competing power harvesting efficency. The shape of
the VAWT also gives the expression of only having a vertical
direction, unlike e.g the Darvieus turbine. The symmetrical
structure of the tripod also creates an vertical direction, with
a clear expression of having a base and a top. This and the
placement of the logo’s will nudge the user to place the bottom
structure in the correct way. The shape of the weather station
mainly consists of one axis of direction, as illustrated in Figure

in order to minimize the risk of the weather station becoming
an eye-catcher and/or mistaken for a rescue station. The two
colours that are significant for the SSRS is red and yellow, and
by studying the different meanings of the colours (presented
in segments 3.9.1 Colour), the colour yellow was chosen to
use. The colour yellow has clear and major use in the SSRS
design and communication, as the results of the analysis of
their design profile shows. The colour red has an association
with the expressions of health, blood, and danger, which could
cause a misscommunication where the weather station would be
mistaken for a rescue station. Meanwhile the colour yellow has
an association with the expressions of luminosity and joy.

The colour codes from the SSRS were used very cautiously,

The SSRS logotype and the name of the specific weather station
is placed in such a way that it would be seen from any direction,
and thus eliminating the risk of the logo being missed or creating
a specific direction. It is also placed in the combination with the
yellow colour, in order to further express the SSRS design.

Figure 27: Archipelago stone

Figure 28: SSRS logotype and name placement

Figure 25: Primitive forms

Figure 26:Animals used through analogies
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Figure 29: Colour camouflage
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5.1.3 Dimensions

The TriSonica needs to be placed at a height of three meters in
order to gather local weather information, due to the air currents
forming over the island. This height is based on the recommendation by researchers from SMHI and a engineer from the
TriSonica company. The height of the bottom structure will be
65 centimeters, making the installation of the station possible
to conduct with an appropriate stance of bent knees, wide and
stable footstance. The dimensions of the weather station is
shown in Figure 35.
The size of the bottom structure was also decided by how it
would be perceived as stable, and by its manurability when
transported (which was studied through mock-ups).

5.1.4 Details and components

The components are place inside the structure in order to protect
them from the weather elements. To protect the components
from unwanted tampering a simple lock can be placed in front
of the hatch. A rubber edging is placed in every opening in order
to protect from water or other substances from leaking into the
unit. The backpack straps can be stored inside the structure,
among other equipment and components thath are used, seen
in Figure 30.

5.1.5 Dismanteling

The dismantling of the weather station consists of two stages,
the first is dismantling the turbine from the structure and the
second is the structure from the islands. The first stage consists
of the following steps, see Figure 31:
1. Approach the weather station where it is located in the
archipelago.
2. Unlock the lock and open the hatch.
3. A breaking bar is located inside the hatch, which was used to
lock the hatch door.
4. The user turns to break bar in order to stop the revolving
VAWT. When the VAWT is at a standstill, it is possible to
fold the blades together, which will prevent the VAWT from
spinning.
5. When the blades have been folded togther, the break can then
be loosened, and the tubrine can be lifted up out of the bottom
structure and placed on the ground.
6. The Trisonica can now be pushed back down through its
telescopic functioning pole, in order to secure it during transportation.
The second stage consists of the following steps:
7. From the open hatch, the locking stap is loosened, dissolving
the bottom structure from any forces that keeps the structure
fixed in place. The strap with connected hook is hoisted up into
the structure and fastened inside.
8. The locking-tube is now twisted down and connected to
the surface, in order for the weight and balance of the bottom
structure to be placed on it when folding the legs together.
9. The legs are then folded up towards the top of the structure.

Figure 30: Inside the bottom structure

10. After all of the legs have been folded together, the
locking-tube is then disconnected from the bottom and placed
through the top of the structure. Thus allowing the user to
fasten straps to the bottom of the structure and carrying it of as
an backpack, seen in Figure 33.
From this stage the weather station can now be relocated or
collected for eventual service, through its carrying capabilites
illustrated in Figure 32.
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Figure 31: Dismantling instructions
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Meter

Figure 32: Carrying capabilities

Figure 33: Backpack function

Figure 34: Proportional in the environment

35

Figure 35: Measurements
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5.2 The bottom structure

The bottom structure of the weather station is of a tripod type,
in order to attain and sustain stability and minimize the size of
the structures footprint. The legs of the structure consists of two
threads, which the different parts of the legs can rotate around
as illustrated in Figure 36. This creates a folding feature of the
legs, which allows the structure to adapt to uneven surfaces and
maintain stability. To keep the structure levelled, three spirit
levels are located on top of the bottom structure to easily be
located and to adjust the legs after.
For the structure to have the same height in every location and to
facilitate the adjustments of the legs, a so called lock-tube used
that’s located on the base of the bottom structure. By placing the
bottom structure so that the lock-tube is the only part in contact
with the grounds surface, the legs can be adjusted accordingly.
After the legs are locked in place, the lock-tube can be twisted
and pulled up into the bottom structure and then locked into
place, creating a clear space underneath it.

the bottom structure down (illustrated in Figure 38 as the green
arrow). The legs then creates a resulting force back (illustrated
in Figure 38 as the red arrows) as a result of this. This feature
locks the bottom structure in place, making it fixed and stable in
where it stands. By having the locking system inside the hatch,
and a external lock on the hatch, it makes it more secure against
unwanted tampering and theft.
When it is time to collect the weather station, the hatch is opened
and the strap is loosened, which dissolves the forces that keeps the
structure in place. This also allows the hook to be disconnected
from the rock wedge and pulled up into the bottom structure.
The lock-tube is then twisted and pulled down, which in turn
allows the legs to easily be folded inwards and for the structure
to be removed. After the legs are folded inward the lock-tube
can be detached from the bottom and inserted in the top of the
structure, allowing the user to clip on straps underneath the
bottom structures and carry it of as an backpack, illustrated in
Figure 39.

The structure consists of a hatch that can be open. A locking
system is located inside the hatch, that consists of a strap
attached to a hook which can be lowered down through the
lock-tube and be connected to a rock wedge, see Figure 37. The
strap is tightened and fastened by the buckle mounted inside
the hatch. By tightening the strap it creates a force that pulls

The placements of the holders for the backpack straps was done
with the use of anthropometric measurements, presented in 3.8
Anthropometry, in order to be suitable for a diverse group of
users.

Figure 37: Locking system and hook

Figure 38: Locking forces

Figure 39: Strap hooks
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Figure 36: Bottom structure information
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5.3 The Top Structure

The second part of the weather station is the top structure. The
top structure consists of a Gorlov helical shaped VAWT, a 360
degree camera and the TriSonica weather measuring device, see
figure 40. In order to supply the weather station with electricity,
power will be harnessed from the wind. The size of the wingspan
for the VAWT has been calculated through data and statistics
gathered from SMHI and with recommendations from experts
within weather, and wind turbines. In order to make sure that
the power requirement for the different components are met, see
appendix J. The size of the blades and the diameter of rotation
was determined on calculation based on the mean value from 43
years of gathered data of the wind velocity in the archipelago
and the required power that different devices demands in order
to function.

when transporting the turbine. The diameter of the handlebar is
3.3 centimeter, which is based on anthropometric measurements
(presented in segment 3.8 Anthropometry) to ensure the
possibility that anyone can carry the turbine, regardless of their
size. The ”S” shape of the handlebar is designed to allow the user
to carry the turbine in their natural hand position and to provide
options for the user to grab the handlebar, see Figure 40. The
handlebar is placed at the top structures point of equilibrium, to
facilitate the balance when carrying it.

The 360 degree camera will supply the users of the SSRS
application with a live stream of the current weather condition.
A telescopic functioning pole is placed through it, allowing
the TriSonica to be raised an additional length in order for the
measurements to not be disturbed by the wind flow that occurs
over the camera and air currents formed by the rotation of the
VAWT. The telescopic pole also allows the TriSonica to be raised
down to minimize the total length of the top structure during the
transportation.
To make the transportation of the top structure safe and easy,
the turbines blades have been designed to be foldable, see Figure
41. When the blades are folded up and inwards, as Figure 42
illustrates, a handlebar becomes accessible for the user to use
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Figure 40: Top structure information

Figure 42: Folding blades

Figure 41: Folding mechanisms
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Figure 43: Spinning weather station
Figure 44: (Right) Sunny archipelago
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6. Discussion

6.

In this chapter the final results will be discussed and compared to the theoretical
framework. The projects credibility, relevance and recommendations for future
research and development will also be presented.

6.1 Results

The results of this project is certainly due to my studies as an
industrial design engineer, in the regards that I have combined
the studies of industrial design with engineering design. Kim
& Lee (2016) stated that industrial designers tend to focus on
the aesthetic aspect through forms and user experiences, and
engineering design towards the technical design such as functionality. I believe that industrial design engineering focuses on
both aspects, which was a key factor in the develop process in
this project in order to create the desired end product.
The industrial design part of my education gave me the tools and
knowledge I needed in order to understand and create features
that would express the desired expression. Using knowledge
concerning colours, forms, expressions and feelings within
design, I knew that I needed to distance my own preferable
taste in order to understand and develop a product that would
communicate the desired expressions for others to understand.
The engineering part of the design was affected by creating
demands which then forced the development of certain functions
to occur in order to create the most efficient and understandable
system. Jordan (1998) described usability as to design for those
who will use it, and how they perceive the product and not only
how effective they complete the task. I sought answers through
the methodologies of Human centered design and Participatory
design in order to design a product that would be suitable for
the human users through e.g. usability and to create a desired
expression for the product. Although involving the intended
users proved to be a difficult task due to their tight and packed
schedule. A representative of those users was instead used, to be
able gain representative influence from the intended users. The
representative of the intended users was the project assigner,
who works in the same organization and is a graduate industrial
designer and responsible for the department of design at the
SSRS.
Nielsen (1994) composed usability into multiple components in
which usability is associated with. These components have been
an important factor within the developing process of the weather
station. For the weather station to be easy to learn, efficient to
use, memorable, low error rate, and a high satisfactory, the
number of components and functions of the product have been
designed to a minimum. The design has also been focused to
nudge the user into carrying out the correct task, although test of
these potential nudging design features has not been conducted
and can’t be motivated as to work.
The user experience (UX) of the weather station is dependent on
who the users are. If the user is the person from the SSRS who
will handle the product or if they are a leisure person stumbling
upon the weather station, means that the experiences will be
different. The design of the experience for the two users are also
done differently due to the different goals that are sought after
for the specific user. UX design according to Hasselzahl (2008)
is the feeling in which the user experience while interacting
with the product. The interaction with the two different users
are different, one is of a hands-on type of interaction, while the
other one is of an observational. The hands-on interaction may
be determined through the usability and engineering design,
while the observational is of how the aesthetics of the product is
being interpreted.
Different tools and knowledge have been used to create a well-designed usability and user experience for the weather station. The
knowledge from studying the physiques of the human users and
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the limitations that come with the human users, a design that
would fit the human users could be developed and attained. As
Edström and Malmqvist (2018) stated, ergonomics is the science
of humans in work; the cooperation between humans and tools.
The development process of the weather stations size and
dimensions was based on anthropometric measurements.

6.2 Credibility

Frequent communication with the university supervisor has
been made to secure that the process of the project has been
carried out correctly according to the master program within
industrial design engineering.
The information gathered from the different sources have been
inspected, examined and compared to other sources to establish
its credibility. A reliability has also been gained through
contacts with experts within established organizations such as
SMHI who supplies Sweden with weather information and is
held to a very high standard.
The methods that been used have been profitable, however
some of the methods have had very clear goals which may have
directed and affected results from the methods. Although most
of the methods did have a broad vision of what the goal of the
methods was, to make it possible to detect something that would
otherwise been overlooked.

6.3 Relevance

The result from the project will be given to the project assigner
who will then evaluate if this is a project that they would like to
develop further. The weather station is thought to be a tool for the
public to use to stay aware of the different weather conditions,
which in turn can prevent eventual accidents occurring caused
by difficult weather. With the statistics of the use for leisure
boats and the statistics of the occurring accidents on a boat
(presented in chapter 2 Context) motivates the relevance of the
product.
The results of the project could also be of interest in various
fields. Due to its portability, self-sufficiency and low structural
footprint, it can be used for research purposes in places in which
weather data gathering only needs to be done during a certain
period, see Figure 45. It can also be used as a tool for people
conducting sports that are depended on the weather conditions,
such as different type of surfing, hiking, and hunting, see
Figures 46 and 47. The weather station will therefore have a
broad variety of users which maybe of interest for production
companies to produce this product, which the SSRS later can
buy from them (due to the SSRS not being a product production
company).

6.4 Further Research and
Development

The next step of the development process for this product is to
perform usability test of the functions, learnability, and to test
the manoeuvrability of transporting the weather station. This
may be done by creating a complete prototype, in which the test
then can be conducted with. The test should not only evaluate
the engineering part of the product but also the user experience.
A more successful product can be developed, by engaging with
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the intended users, that may fulfil the SSRS needs and
requirements. The technical aspects of the design will
also need to be tested, to secure that the VAWT won’t
interfere with the data gathering done by the TriSonica.
The strength of the structure and the turbine will also
need to be evaluated, in which a choice of materials can
be made.
More functions and abilities could be added to the
weather station to make it more of an asset for the public
that interacts with it. This can be done by e.g. adding a
compartment that can store a first aid kit and/or charging-outlets for mobile phones.

Figure 45: Glacier field study equipment
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Figure 46: (Top Right) Mountain hiking equipment
Figure 47: (Bottom Right) Forrest observation equipment
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7. Conclusion

7.

This chapter will discuss and answer the research questions through the findings
and result of the project.

7.1 Objective and Aim

As stated early in the thesis, the aim of this project is to conduct
a scientific study in which a concept of a self-sufficient and
portable weather station will be designed for the Swedish Sea
Rescue Society.

7.2 How can a product be designed
to express a desired expression?

This question was studied through the process of designing a
weather station that would express the SSRS design and fit into
Gothenburgs archipelago scenery. By making a study that would
define the essence of what the SSRS design and archipelago
scenery is, the results were used as a base in order to develop a
product expressing the SSRS and that fits into the archipelago
scenery. The study was done through immersion into the SSRS
and archipelago, in which an analysis was conducted through the
use of different research methods to gain relevant information
and knowledge. Through continuous evaluations of how the
design was perceived, a well based concept could be established
in which the desired expression was obtained. The concept
expression was also tested through computer renderings in the
desired environment, see Figure 48.
The conclusion of the design process with the intent of a
determined expression, is to include others through evaluations
and inspirations processes. As Henry Ford famously said ”If I
had asked people what they wanted, they would have said faster
horses”, meaning that the intended users are not the innovating
designers, although they are the ones that will evaluate and
determine the future of the product. By involving them in the
crucial steps and decisions, the probability of obtaining the
desired expression is increased. How well a product expresses
the desired expression is determined of how people subjectively
interprets the product. By involving many different people, the
design will not take on the participants personal preference
styles, but instead create a homogeneous interpretation of the
design that is of the desired expression. It is up to the designer
to understand the evaluation and feedback that the participants
gives by expressing how they find the product, and turn this
information into use. An approach through continuous trail
and error is ended when the desired feedback is achieved from
the participants. It is therefore important to obtain feedback
from a number of different of participants in order for them to
interpret the product without any previous knowledge of what
the product should express. This may minimize the risk of the

designer making the participants see what the designer wants
them to see.

7.3 How can the weather station be
designed to be single-handedly handled?

The design of the weather station was done so that one person
from the SSRS could single-handedly transport and install
it onto an island in the archipelago. By analyzing the work
environment, the conditions, and the equipment that the
SSRS use, a framework of restrictions was constructed. This
framework needed to be upheld, in order for one person to be able
to the transport and install the weather station by themselves.
Due to the required size of the technical restrictions, the weather
station needed to be divided up into two parts to make the transportation easier. Different features were added to the design of
the weather station to aid the user during the instalment. Anthropometric measurements have been studied in order to create
a product that is suitable for a diverse group of users.
By only having the parameter of keeping the weather station
relatively levelled as a requirement for the person installing
the weather station, the amount of error that could occur was
minimized. The different features of the weather station would
almost all have more than one function to minimize the size of
the product and make it more efficient with what it has.
The weather station is independent of any direction, due to the
360-degree camera and VAWT that functions by any horizontal
wind direction. The design of the weather station has been made
to not express any direction except for vertical ones. By having
the colours, logos, and other features, placed in a symmetrical
fashion, and the 360-degree camera hidden behind a tinted
glass, it creates the illusion of not having a front and back side.
The turbine can be stopped through using the breaking system
inside the base structure. The turbine has stopped the blades can
be folded together which will prevent the turbine from spinning.
The break will then loosen which will enable the turbine to be
removed from the base structure. The base structure can then be
folded together and carried as a backpack, while the turbine is
carried in the other hand.

Figure 48: Weather station on an island
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Appendix A: Benchmarking on private
weather stations [1/1]

Appendix B: Benchmarking on research
weather stations [1/1]

Appendix C: GANTT-Schedule [1/2]

Appendix C: GANTT-Schedule [2/2]

Projekt schema
Våren 2018

FEBRUARI

Projektupplägg

MARS

APRIL

MAJ

JUNI

JULI

Empathize
Informationsinsamling

Intervjuer & observationer

Litteraturstudie

Sök & studera relevant teori

Specifikation av problemställningar

Med erhållna informationen &
teorikunskap, bearbetas
problemställningarna

Benchmarking

Undersökning av relaterade
produkter och ev.
konkurrenter
DeÞne
Produktspecificering

Klargör vad som ska åstadkommas som
resultat i produktframtagningsprocessen

Requirements - list

Klargör vilka kraven som ställs på
produkten, vilka speciÞka behov den ska
uppfylla samt vad man även skulle önska
att den kunde göra
Ideate
Idé generering

Användning av kreativa metoder för att erhålla idéer av koncept. Sedan
används systematiska metoder för att genererar andra typer av
lösningskoncept.

Utvärdering av koncept

En utvŠrdering gšrs i vilket konceptet stŠlls mot produktspeciÞkationerna

Modifiering av koncept

Koncepten korrigeras och vidareutvecklas utifrån utvärderingarna
Prototype
Sammansättning av koncept
Utvärdering
Mock-ups & Test

Design deÞnieras och
utarbetas
Striktare utvärdering av
design görs
Skapar enkla Mock-ups av
konceptidéerna för att
sedan utföra olika test (tex
användarester)
Test
Slutgiltig Design
Visuell modell
Prototyp

Rapportarbete

Deadlines

Metoder för informationsinsamling
Relevant Teori summerad
Resultatet av fas Empathize

Metod fšr produktspeciÞkation
Metod för idé genering (Kreativ & Systematisk)
Resultatet av fas DeÞne

Eventuella korrigeringar av rapport
Text om de valda metoderna vid test, utvärdering och mock-ups
Resultatet av fas Ideate

Avslutning av andra fasen

En prototyp/ytmodell skapas med samtliga/
somliga fungerande komponenter

Text om de valda metoderna för test och utvärdering
Metoder för visualisering
Resultatet av fas Prototype

50% Presentation
Avslutning av första fasen

90% Presentation
Avslutning av tredje fasen

Avslutning av fjärde fasen

Design fastställs
Modell visualiseras med CAID

Resultat av fas Test
Eventuella justeringar och korrigerangar av
rapporten
Lämna in rapporten

Slutinlämning
Avslutning av
femte fasen

Appendix D: SSRS Rörö equipment
[1/2]

Appendix D: SSRS Rörö equipment
[2/2]

Appendix E: Field trip studying
environment [1/1]

Appendix F: Field trip studying manmade structures [1/2]

Appendix F: Field trip studying manmade structures [2/2]

Appendix G: Mood boards that were
evaluated during workshops [1/1]

Appendix H: Analogies from outdoor shop [1/1]

Appendix I: Analogies from various
places [1/1]

Appendix J: Calculations and information about
the different systems of generating electricity [1/1]

TriSonica Mini: 306 [mW]
Hikvision DS-2cd2032-1 (Camera): 5 [W]
Raspberry Computer: 1 [W]
Total requirements: 6.36 ≈ 7 [W]
Effect of VAWT follows the same formula but differs in the
sweeping area and efficiency constant.
Pt = 0.5 *Cp * p * A * v3
Pt = Turbine Power [W]
Cp = Power Coefficient [kJ /kg *K]
p = Density [kg /m3]
A = Sweeping area [m 2]
v = Wind velocity [m/s]
(Nilson & Cisneros, 2015)

The amount of power which the turbine needs to
produce, based on a estimation of the sum of he different
components power requirements is 7 Watt. The average
wind speed (established by data measured every day between
1961 and 1990) at two places in the archipelago, Nidingen and
Måseskär, was7.669m/s and 7.546m/s. The wind speed that
was used for calculating the wing span of the VAWT was 6m/s,
which was also decided by a recommendation from a researcher
at SMHI (personal communication, 2018-04-16).
The air density is 1.2041 kg/m3.

Pt = 7 [W]

From data gathered from SMHI between 1961 and 1990, the average
sunshine is 1800h.
1800h/365days = 4.93h/day.
The sun radiation according to San Jose Sate University (2010) is 11.49
[kW/m 2] during the summer and 0.58 [kW/m 2]. A mean value of this is
6.035 [kW/m 2]
Ps = As * n m * ne *Gt
Ps = Solar panel Power [W]
As = Surface area of solar panels [m 2]
n m = Maximum level of efficiency for solar panels [≈14 %]
ne = Maximum level of efficiency for cooling system [≈90 %]
Gt = Sun radiation rays [W/m 2]
Ps
nm
ne
Gt

= 35 [W]
= 14 [%]
= 90 [%]
= 6.035 [kW/m 2]

As = 35 / (0.14 * 0.9 * 6035)
As = 0.046 m 2

v = 6 [m/s]
p = 1.2041 [kg/m3]

According to recommendation from WindForce AB (personal communication, 2018-05-14), this system would need have a power requirement of
300W due to its need to re-power the battery. This would then require a
solar panel of the dimensions 1.8*0.8*0.003 [m]

Savonius turbine
Cp = 1%

A1 = 7/(0.5 * 0.01 * 1.2041 * 63)
A1 = 5,3828 m 2

Cp = 15%

A2 = 7/(0.5 * 0.15 * 1.2041 * 63)

A 2 =0.359 m 2
H-Rotor
Cp = 45%

A = 7/(0.5 * 0.45 * 1.2041 * 63)
A = 0.1196 m 2

Darvieus turbine
Cp = 45%
A1 = 7/(0.5 * 0.45 * 1.2041 * 63)
A1 = 0.1196 m 2
Cp = 25%

A2 = 7/(0.5 * 0.25 * 1.2041 * 63)
A 2 = 0.2153

Gorlov helical turbine
Cp = 55%
A1 = 7/(0.5 * 0.55 * 1.2041 * 63)
A1 = 0.09786 m 2

A2 = 10/(0.5 * 0.55 * 1.2041 * 3 )
3

A 2 = 1.1918 m 2

With the use of solar panels the required power is five times the amount
of power that the components use (according to Solinnovation, personal
communication 2018-05-17), 7W * 5 = 35 W.

The efficiency of the HAWT have been generally better then VAWT
in transform energy and is why they have been used in a lager extent
(Ragheb, 2013). VAWT can however be mounted closer to the ground
because they demand a lower wind speed to produce electricity (Olausson,
2010). VAWT sound less then HAWT in comparison (Izhar et al, 2013). A
problem with Darvieus turbines is that many of them can not self start
during normal wind conditions, which requires a external engine to start
this VAWT (Gipe, 2004).
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