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Joystick for marine maneuvering
HANNAH-MARIA ELFVING

HANNES WINBLAD

Department of Industrial and Materials Science
Chalmers University of Technology

Abstract

A big part of our modern lives evolves around interpreting feedback sent to us from
different devices. Is your phone vibrating and the screen flashing? Odds are someone
is trying to call you. Is the light on your stove turned on? Odds are it is activated
and hot. To minimize the risk of misunderstandings and accidents, this feedback
needs to be clear and self-evident. One way to ensure this, is to develop a product
based on user experience. This ensures that the user understands the product, and
use it in the way the developer intended.

This project aimed to develop a joystick test bench that could test different kinds
of feedback and activation methods. The test bench consisted of both a physical
joystick prototype which the user could interact with, as well as a simulator which
the physical prototype could be tested on. User studies were performed on the pro-
totype.

The results from the user studies point towards that users would like more feedback
on function activation than just visual. The test bench itself can be further developed
and used in future studies.

Keywords: joystick, user experience , test bench, simulator, feedback, activation
methods, user studies
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Introduction

This chapter presents the background, scope and objectives of the project.

1.1 Background

In 2005 Volvo Penta launched their new Inboard Performance System (IPS) engines.
IPS engines possess the ability to rotate and hence change the direction of the thrust.
This makes it possible to translate the boat in one particular direction,(see figure.1).
This technology facilitates navigation in cramped places like marinas. In order to
take advantage of this new technology, CPAC systems developed a joystick (CPAC,
2020). Since 2005, the joystick has gone through one major re-design, during which
new features were integrated and the design updated. Because of the emergence of
new features, and the risk of these increasing the complexity of the current interface,
another redesign is now needed in order to improve the user experience.

Figure 1.1: Translation of boat
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1.2 Purpose

The purpose of this project is to develop a new design concept of the existing joy-
stick focused on user experience and the human machine interaction. The new design
should integrate new and future functions without raising the level of complexity of
the product, whilst still being able to carry out the same functions as its predecessor.
Different kinds of feedback and activation methods will be evaluated.

In addition, a test bench and a simulator should be developed, which will allow for
future creative and innovative concept generation and exploration.

1.3 Objectives

This project will evaluate the existing joystick and its functionality, and propose a
new design concept. Furthermore, a test bench will be constructed with the objec-
tive to perform user studies, compare the design concept to the current design and
also to present the concept.

The objective of the design concept is to facilitate the usage for novel users without
compromising the experience for seasoned users.

The following subjects will first be investigated in regards to the existing joystick,
with the objective of evaluating the current situation, and secondly in order to verify
the re-design.

o Intuity
How easy is it for a new user to understand the interface and usage of the
product?

o Integration of new functions
How to integrate activation methods for new and future functions, e.g. As-
sisted maneuvering, without increasing the complexity of the product?

Furthermore, regarding the test bench, the following subject will be investigated;

o Test bench
How to construct a test bench that is easy to use for both developers and user
studies?

1.4 Scope & delimitations

The project comprises 1600 man hours, the equivalence of 60 credits. It proceeds
until the beginning of June, 2020. The scope of the project needs to be limited due
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to the time frame, therefore, there are some delimitations to the process;
o Aesthetics and color choices will not be considered.

o Manufacturing techniques and material choices are also outside the scope of
the project.

o No predefined internal development process nor design for environment pro-
tocols at CPAC will have to be followed.

o The final concept will not be evaluated for other segments than the marine.

o As illustrated in figure 1.2, the main focus, marked with green, will be put
on the joystick. Furthermore, the human-machine interface between the user
and the navigation system, marked with blue, will be observed. The electronic
vessel control system, the engines, hull and environment is outside the system
boundary of this project.

e The physical ergonomics of the joystick will not be investigated.

engine control unit !
(ECU) i
Ust '
Joystick & mini ¢ !
displays 5| Heim control Propulsion control us) RPM :
unit(HCU) unit (PCU) { :
3 % ¥ Position
. N Left engine H

Steering wheel \

Hull

Throttle lever /
{ ¢ } / Right engine !
Position 1

N Helm control Propulsion control (sus) f
unit(HCU) unit (PCU) RPM
- Glass cockpit ¢
t engine control unit
(ECU)
EVCsystem |
Vessel
Environment |

Energy

Visual information

Figure 1.2: Overview of system

1.5 Question formulation

The question formulation is a more detailed description of the objectives. The
following questions will be answered during the process;
o Benchmarking
— How is the product being used today and who are the users?
— What does the market look like, is there similar solutions?
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o Intuity
— How easy is it for a novel user to understand the interface and usage of
the product?
— How does the haptic, visual and auditory feedback work today, and how
can it be improved?

After having looked into these questions, the following can be answered,
« New conceptual design
— Is there a need to update the joystick, and if so, how?
— Test bench
How should a test bench be constructed with the objective of it being
easy to use for both developers and user studies?

1.6 Reading guide

Each chapter is introduced with a short introduction and explanation of how the
chapter is built up. The contents of chapter 2, theoretical frame of reference, act as
a basis on which the rest of the report stands. It is meant to be read when referenced
in the rest of the report. Each subsection will not be connected to its predecessor,
and principles will be presented broadly in chapter 2. In chapter 3, Methodology,
the process of the project is explained. Both how the test bench was developed, as
well as the reasoning behind it, is explained here. In chapter 4 the results of the
project are presented. Both in regards to the user studies and the test bench itself.
No methods, theory of back ground of anything will be presented here, only the
actual results. The fifth chapter consist of recommendations based on knowledge
gained as well as results. In the sixth chapter, discussions on all the prior chapters
is carried out. The last chapter of the report is a conclusion of the project.
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Theoretical frame of reference

In order to create a solid basis from which to develop the new design of the joystick,
a theoretical frame of reference needs to be identified. This is done by first defining
what is meant by user experience. This is followed by theory about user studies
and data collection followed by product development theory and theory of technical
components. Lastly, an identification of the current design of the product and a
market analysis is presented.

2.1 What user experience is

At its very core, (International Organization for standardization, 2019) defines user
experience as, "user’s perceptions and responses that result from the use and/or
anticipated use of a system, product or service" The term is further developed upon
by the use of the term Usability. According to (International Organization for stan-
dardization, 2019) usability deal with not only the satisfaction the user experience
by using the product but also, with what level of "effectiveness, efficiency" it is
carried out. In regards to developing a new version of a product this is especially
interesting, as a raised level of both effectiveness and efficiency lowers the amount
of resources involved in using the project whilst raising the level of accuracy with
which it can be carried out. (International Organization for standardization, 2019).

2.1.1 Why user experience is important

Alben(1996) describes that user experience, if carried out correctly, will create a
value for the customer. This value in its turn may be the deciding factor that
makes a user choose a product over another. An example of the importance of the
user experience comes from the car industry, where research has been going on for
years to identify what constitutes a preferable sound when closing a car door. As
explained by Parizet, Guyader, and Nosulenko (2008), not only does the car door
communicate that the door is closed to the user, but it also greatly impacts the over
all impression of the car, which affect the customer purchase behaviour. Therefore
it is important to research and understand this.

One way to increase the user experience and usability is to adopt what is called a
human-centered design.
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2.1.2 Implementation of human-centred design

According to (International Organization for standardization, 2019) Human-centered
design is described as, "approach to systems design and development that aims to
make interactive systems more usable by focusing on the use of the system and
applying human factors/ergonomics and usability knowledge and techniques'. In-
teractive systems in this context is described as that which the user interact with
to realize a specific goal. This could for example be a car through which one can
be transported from point A to B. The main principles of human centred design are
according to International Organization for standardization (2019) the following,

o Design based on an understanding of users tasks and environment

o Users are involved throughout design and development

o Design driven and refined by user-centered evaluation

e iterative process

e Design addresses the whole user experience

o the design team includes multidisciplinary skills and perspectives

2.1.3 The interactive system

The interactive system described in section 2.1.2, is supposed to be interacted with
by a user through what is called a user interface. The user interface is supposed
to be "an interactive system that provides information and controls for the user to
accomplish specific tasks". (International Organization for standardization, 2019).
In regards to a car, the user interface would be the steering wheel, dashboard and
pedals.

2.2 Theory of user studies & data collection

Below, theory of user studies and data collection being used in this project is pre-
sented.

2.2.1 Usability test

A usability test is an interaction analysis involving a test person and a proposed de-
sign. The participant do realistic tasks using a proposed design represented by either
a fully functioning prototype or a simple paper prototype. The test is observed and
the data are analyzed, recommendations on improvements are then made. The data
collected in the usability test can be quantitative and/or qualitative. Quantitative
data can be e.g. time, number of clicks or errors. Qualitative data encourages the
participants to think aloud about e.g. likes or dislikes. The test is often documented
through video or audio recording.(Bligard, 2018).

The strength of usability testing lies in the possibility to observe the interaction

between a user and a product, also it is easy to re-design. The limitations lies in it
is heavily resource expensive and the risk of context affects due to un-realistic work

6
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environment. (Bligard, 2018).

"Usability test is often the best interaction analysis method, but the fare
most expensive method." (Bligard, 2018)

2.2.2 Exploratory & confirmatory user studies

User studies are often initiated through exploratory methods. Exploratory methods
has the goal of generating new ideas and uses most qualitative research. Confirma-
tory research, as the name implies, has the objective of confirming user requirements
discovered during the exploratory phase and does this mainly through quantitative
research. (F. McQuarrie, 2006).Qualitative research may involve interviews and
focus groups while quantitative research involves surveys(Malmqvist, 2019).

2.2.3 The structure of the user study

Both observations and interviews can be either structured, semi-structured or un-
structured. Structured studies means the questions or items for observation, and
the order, are pre-defined. In un-structured studies some questions are predefined
to make sure they are covered, but if other topics arise, these can be discussed or
observed as well. Un-structured studies means no questions or items of investigation
are predefined and the researchers role is more passive than in the previous two.
(Wallgren, 2019).

2.2.4 Question-based & observation-based studies

There are two main categories of data collection methods; question-based and observation-
based (Wallgren, 2019).

2.2.4.1 Question-based studies

Question based studies means you interact with the studied user. Question-based
studies can be in the shape of e.g. interviews, focus groups or surveys. Question
based studies has it’s strengths in; it is fairly time-effective and is really value adding
in the exploration of a development phase. (Hvas Mortensen, 2020). According to
Hvas Mortensen(2020), interviews are a great way to empathize and give you an in-
depth understanding of their values, perceptions, and experiences. Interviews allow
you to ask specific questions, while remaining open to exploring your participants’
points of view.

2.2.4.2 Observation-based studies

Observation-based studies means you do not interact with the studied user. Ob-
servations are an effective way to study situations where you can detect user re-
quirements in the shape of comparisons, assumptions, compensating behaviours,
actions, and solutions.(Wallgren, 2019). Observation-based studies can be divided

7
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into natural or constructed observation. Natural observations are usually unstruc-
tured and the researchers study spontaneous behaviour in a natural environment.
Constructed observation means the researchers decide which users should partici-
pate, where and when the study should take place and also the structure of the
observation. The strengths of using natural observation is the opportunity to gener-
ate new ideas.(Mcleod, 2015). According to Mcleod(2015), the benefits from using
constructed studies is it is easy to replicate and it is usually less time-consuming.

Observation-based studies is specifically useful because users do not always want
to or can describe their problems and requirements. Also they may not even be
aware of them and has started to a compensating behaviour. Furthermore, users
can sometimes blame themselves for e.g. not understanding the product rather than
blaming the design.(Wallgren, 2019).

2.2.5 Participator demographics in qualitative studies

When conducting qualitative user studies, the user demographics are important to
consider since the choice of participants will have a great impact on the gathered
information. Often, you choose participants with a particular property, e.g. age,
gender, product use experience. It is important the participants are part of the
identified user group and they need to have experience of the product or the problem.
(Wallgren, 2019).

2.3 Product development theory

Below, the product development theory implemented in this project is presented.

2.3.1 Theory about the Kesselring matrix

The kesselring matrix is a concept scoring method. In this matrix, the concepts are
evaluated against each other on how well they fulfill the requirements. In addition,
the requirements are weighted. The score that each concept gets on the fulfillment
of the requirement is multiplied with the weighting of that certain requirement. This
method is quite time consuming but provides precision to the assessment, compared
to other concept scoring methods. (Almefelt, L., 2019).

2.3.2 Node-based workflows & processes

In order to visualize workflows in a product developing process, black box models
can be used. The black box model consists of three parts, a node in which an
unknown process takes place, an input of known contents into the box, as well as
an measurable output. In computer science this same concept is applied on the
concept of nodes, where the node itself consist of the process carried out, whilst
being connected to other nodes by inputs and outputs (Fundamentals, 2020).

8



2. Theoretical frame of reference

2.3.3 Theory on prototyping

A functional prototype is close to the full functionality of the end product, e.g. a
prototype with a user interface that works for the test data but is not well-designed
enough to be integrated in the entire system.(Spacey, 2016).

According to (Steven C. Wheelwright, 1992), prototyping is a key management tool
for guiding development projects, and not a technical tool as traditionally viewed.
Prototypes answer several questions, e.g. customer reactions and can take many
forms. They argue that prototyping is a key to improve effectiveness and efficiency
of the development process by contributing with learning about the product and
the user. Furthermore, it is stated; prototypes play an important role in the testing
and progress of the development project by providing insight in the design and it’s
ability to meet customer requirements.

2.3.4 Design-build-test cycle

Product development is a learning process, this is the basis of the design-build-test
cycle methodology.

'"No matter how much an engineer, a marketer, or a manufacturer may
know about a given problem, there are always unique aspects of any
new system that must be understood before an effective design may be
developed."(Steven C. Wheelwright, 1992)

In order to fully understand the problem at hand, designers must go through several

iterations, learning a little more at each cycle. The design-build-test cycle is built
up on the phases; design, build and test.

Phases of Problem Solving

DESIGN BUILD TEST
establish _generate build models  run experiments
goals alternatives or prototypes or simulation

meets
goals

evaluate
results =@ solution

@ - Alternative 1
fargels

frame the Alternative 2
gap problem

current
design —»- Alternative 3

+ repeal cycle

falls short
of goals

Figure 2.1: The Design-build-test cycle (Steven C. Wheelwright, 1992)

In the design phase the problem is framed, this is crucial, since problems, gaps and
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customer requirements are often underlying and hard to observe and characterize.
When the problem is framed, alternatives for physical models, with the objective
of closing the gap between design parameters and specific customer attributes, are
generated.

During the build phase, functioning prototypes of the ideas are created. The aim of
these prototypes is to allow for testing.

In the test phase, the prototypes are tested. Depending on the objective of the
design, either a complete product or a sub-system may be tested. It is crucial to
have a well thought through test plan and skilled execution in order to get good
information from this phase, even though it may seem pretty straight forward. If
the prototypes or models that are tested do not reflect the design intent, there is a
risk of an unnecessary amount of iterations need to be conducted.

Conducting a single cycle generates insight and information on the connection be-
tween specific design parameters and customer attributes. The next cycle is then
built on this as basis, this is repeated until a solution that meets the requirements
is generated. (Steven C. Wheelwright, 1992).

2.3.5 Modular design theory

Modular design is a design approach where a product is made out of modules with
standardized interfaces. The objective of this design approach is to be able to
change singular elements without replacing the entire assembly. Since the inter-
faces is standardized, new modules can be made to accommodate new requirements,
making modular products sustainable over time.(Ramalhete, R, 2017). Furthermore,
modular design enables different designers to work on the same product simultane-
ously, reducing the development time. However, the first phase in modular design
methodology may take longer than an integrated design if a design is to be split up
in modules and the interface defined.(Fast Product Development, 2020).

2.3.6 Design for assembly theory

When designing a product, it is important to keep the assembly process in mind,
this design evaluation method is called Design for Assembly(DFA) and was pio-
neered by Boothroyd and Dewhurst at the University of Rhode Island (Kent, 2017).
The principles of assembly include minimizing part count and designing parts with
self-locating and self-fastening features. Furthermore, the design is encouraged to
be modular and have a base part to locate other components. (Stienstra, D, 2019).

Kent(2016) describes how DFA enables designers to reduce both the number of parts
in an assembly, and also the assembly labour and time. Furthermore, it enables
easier manual or automatic handling in assembly.
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2.3.7 Theory of Additive manufacturing

Additive manufacturing(AM) or 3D printing is widely used to manufacture physical
prototypes. The most popular used AM technique is material extrusion printing.
Material extrusion means material is selectively dispensed from a nozzle which is
typically heated (Hryha, E.; 2019).

When designing for Material extrusion printing, the following restrictions need to
be met; First, the sides of the part may not have a smaller inclination than 40°,
secondly, no circular holes may have a diameter bigger than 8mm, lastly, the design
may not have overhanging features. If the design is preceding these limitations,
support structure will need to be added to the print. (Hammar, L., 2019). Support
structure can be made of either the same material as the main part, or a softer
material that can be manually removed, or the support can be made of a material
that is chemically or thermally removed, usually wax(Hryha, E., 2019).

2.4 Theory of technical components

In this section, the theory of the technical components integrated in the test bench
is described.

2.4.1 Micro controllers

In order to be able to build custom human interfaces, one can user programmable
microprocessors. These can both process inputs and send data to an external com-
ponent.

2.4.1.1 Arduino

The Arduino UNO is a micro controller with 13 digital pins that can be used to
read the status of buttons or sensors. It also has the ability to send information to
an external device over USB.

2.4.1.2 Seeeduino

Similar to the Arduino, the Seeeduino has 13 digital pins which also can be used to
read the status of different components, but it differs in the sense that it also has
12 extension ports on the front to which components can be connected.

11
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Figure 2.2: The Arduino micro Figure 2.3: The Seeeduino micro con-
controller(elektor, 2020). troller (elfa, 2020).

2.4.2 Theory about CAN data

CAN, or Controller Area Network, is a communication protocol characterized mainly
by the ability to assign priority to messages (Di Natale, 2008). CAN data is com-
monly used in electronic systems to enable components to communicate with each
other over what is called a CAN bus. The Penta joystick communicates with the
rest of the EVC system over a CAN bus.

2.5 The current design of the product

In 2005, Penta launched their IPS engines that has forward facing, rotating propeller
pods, which can be positioned separately. In order to maneuver the propellers, an
electronic vessel control system (EVC) was used.

With the introduction of electronic control of the IPS-engines, it was realized that
a vessel now could perform complex movements as rotations around one point and
translation along vectors, as can be seen in figure 2.4 and figure 2.5. These move-
ments could intuitively be translated into joystick movement, where translations
would be mapped to x-y movements and rotations could be mapped to rotations of
the top part of the joystick. The movement of the IPS-engines could be controlled
in the background by a system, whilst the user could focus on their surroundings
and using the joystick.

12
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Fm1

Fm?2
Figure 2.4: Force vectors from IPS- Figure 2.5: Resulting movement of
engines boat depending on engine force vector

In 2005, the Volvo Penta Joystick was launched with the main objective of maneu-
vering the boat in low speeds, facilitating the docking procedure. The procedure
could be carried out in two different speeds, the default speed and the high mode,
where the latter was used in case of high lateral currents or wind. In 2009, the joy-
stick went through a major re-design. The shape was updated to go in line with the
updated throttle lever and the dynamic positioning system(DPS) was introduced
and integrated into the joystick. The DPS works as a digital anchor where the boat
is positioned with the aid of the engines and a GPS module. In 2009, also the
joystick driving function was integrated, this makes it possible to use the joystick
in full speed together with the autopilot, where the speed is controlled using the
throttle lever and the direction using the joystick.

Figure 2.6: Current design of the Figure 2.7: Previous design of
Volvo Penta Joystick (Volvo Penta, the Volvo Penta Joystick (BoatDiesel,
2020) 2020)
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2.6 Market analysis

In this section, similar products currently on the market are presented. The joysticks
are bought as add-ons to the steering system, and are mounted by professional boat
builders, i.e. it is not an over the counter product which the users can install
themselves. The price of the product include installation.

2.6.1 Competing products

The following products exist in the same marine segment as the Volvo Penta joystick.

2.6.1.1 Seastar Optimus 360

The Seastar Optimus 360 is a control device developed by Seastar solutions. The
device in combination with an electric control system is made to be retrofitted into
existing outboard motor solutions. It enables the vessel to rotate, and translate
independently. This movement is achieved by using actuators to manipulate the
engine position, and a component to change the rpm of the motor. This product
does not offer the DPS, nor joystick driving function.

Figure 2.8: The Seastar Optimus 360 joystick (Boating Magazine, 2020)

2.6.1.2 Mercury marines Axius

The mercury marines axius is a control device developed by Mercury Marine. The
device can be used in combination with both Mercury Marine inboard motors, as
Zeus, and outboard motors, as Verado. The device enables the user to independently
decide the rotation and translation of a vessel. It also offers the skyhook feature
which has the same function as volvo’s DPS. In order to execute the sideways move-
ment with the Mercury joystick. There are no mentions of any joystick drivinging
functionality.

14
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Figure 2.9: The Mercury marines Axius (Mercury Marines, 2020)

2.6.1.3 Xenta joystick

The Xenta joystick can be used to steer larger yachts by retrofitting its control
system onto an existing system. The device is developed by the Italian company
Xenta and is used on larger vessels with inboard engines. The system rely on stern
thrusters in order to facilitate movements both in translation and rotation. The
joystick does not offer a DPS, nor joystick driving function.

Figure 2.10: The Xenta joystick (Aqua Marine, 2020)

2.6.1.4 JCS by Yacht control systems

Is a control device that can be used on boats equipped with inboard motors and bow
thrusters. The device enables the boat to carry out complex rotation and translation
movements during use. The JCS is developed by Yacht controller. The joystick does
not offer the joystick driving function, nor the DPS.

Figure 2.11: The JCS (Boat Mag International, 2020)
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2.6.1.5 Joystick maneuvering system (JMS) by ZF

The JMS is developed by the company ZF, and can be used on both Pod-engines,
similar to the IPS, and traditional shaft line propulsion systems. Bow thrusters need
to be integrated in the systems for joystick functionality. In order to use the joystick,
the system needs to have either ZF-Pod engines or ZF shaft line propulsion systems.
This limits the use of the JMS to ZF products. It can aid the user with executing
complicated translation and rotation movements when at sea. The functionality of
the JMS relies on using a bow thruster in combination with the main engines.

Figure 2.12: The Joystick Maneuvering system (ZF, 2020)

2.6.1.6 Yanmar JC10/20

The Yanmar JC10 and JC20 are control devices developed by Yanmar Marine. The
JC10 is meant to be used in combination with Yanmar stern drive ZT370, and JC20
in combination with Yanmar shaft drive 8LV. JC10 does not demand a bow thruster
while the JC20 does. It facilitates the ability to independently rotate and translate
the vessel. A third party autopilot system can be integrated with the Yanmar
JC10/20, but there is no mention of any joystick driving functionality. There is a
positioning system similar to the DPS called Position keeping system.

16
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&

Figure 2.13: The Yanmar JC10/20 (Yanmar Marine, 2020)

2.6.1.7 Cummins joystick

Cummins has two different types of joysticks. One joystick works with the Mercury
marine Zeus system and the other with their own inboard engines together with
a bow thruster. The one compatible with Zeus offer the same functions as the
MerCruiser Axius. The latter mentioned only works in low speed and is solely used
for docking.

Figure 2.14: The Cummins joystick (Batliv, 2020)

2.6.2 Similar products with other use areas

As mentioned above, further solutions used to control systems outside the marine
segment has also been looked into.
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2.6.2.1 Control stick JAS Gripen

The JAS Gripen control stick is used to control the movement of the fighter jet
JAS Gripen. Since the device is supposed to be operated by a highly knowledgeable
operator, lots of functions can be integrated into the design in the form of buttons.
A user unaware of what these buttons do would probably find it difficult to use the
device.

- - -
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Figure 2.15: The Jas Gripen Control stick (x plane, 2020)

2.6.2.2 Media control unit in cars

The media control unit used in most cars with media center integration employ the
same function integration, but may differ in design. In difference to the JAS control
stick, this device is supposed to be used by a user with no prior knowledge about its
use. It therefore needs to be intuitive and easy to understand. Hence, every button
is named.
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Figure 2.16: A Car Media Control unit (Xotic Tech, 2020)

2.6.2.3 Construction equipment control stick

The construction equipment control stick is designed with the knowledge in mind
that the user will work with it during long periods of time, and therefore it needs to
be ergonomic. On the other hand, there are lots of buttons, which may result in an
inexperienced user having a hard time using it, whereas a seasoned veteran would
operate it with ease.

Figure 2.17: A Construction joystick (Curtis-Wright, 2014)
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2.6.2.4 Game Controller

When using one joystick to control both the rotation and translation of a vessel,
it is apparent that the ability to rotate will have to be integrated in the design.
On the Volvo Penta joystick, this is integrated into the rotation of the shaft. The
game controller design on the other hand has divided the function of rotating and
translating into two separate joysticks. One controls the translation and the other
one the rotation. This may seem complex for the first time user as it needs the
simultaneous use of both hands independently, but for someone who have used it a
lot, it is very versatile.

Figure 2.18: A Sony PlayStation DS3 (Sony, 2020)
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Methodology

In this chapter, the product development process applies in the project is first ex-
plained. This is followed by a presentation on the methodology on understanding
the product, defining areas and improvement and defining the means. After this,
the process of understanding the use of the product and defining the use scenarios in
explored. This is followed by the user study methodology, and lastly, the methodol-
ogy for concepts comparison is presented. The principles of human-centered design,
presented in section 2.1.2, is applied throughout the developemnt process.

3.1 Product development process overview

The product development process used is visually described in figure 3.1. The pro-
cess started off by understanding the user needs, during which a deeper under-
standing of the product was gained, and a requirements specification was created.
After this a function means matrix was generated, based on the understanding of the
product and literature studies. A morphological matrix was after this created, which
in turn was used to generate different concepts that needed to be tested in a test
bench. T order to test the concepts, user studies were carried out, followed by elim-
ination of concepts and kesselring matrices. Several kesselring matrices were made,
based in different scenarios and different weightings. Recommendations depending
on scenarios could after this be given.

User needs

. Understanding

the product

. Requirements

specificatio

. . User studies .

Screening Concept matrix Kesselring

Prototyi « Explorative
) . i . inati rototypin i )
— means — . L ) — .« Creatingthe — . —how well the
: hypoth .
matrix _conflden_tlal solutions to test bench Typto esis t part solutions|

information complete - lestone pal .

ns is spread. concepts solution per part perform in
function at a time the tests

Figure 3.1: An overview of the process workflow
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3.2 The process of understanding the product

In order to understand the product, a rigid study on its technicality, function and
users had to be carried out. Understanding the product is also the first principle of
human-centred design, and enables the developer to identify the context of use for
the product.

A study of how the product was being used was conducted by reading literature,
watching videos, talking to experts, watching the product being used and using the
product. A big part of this study consisted of understanding the joysticks part
in the whole system, and also understanding the system. In short, the context in
which the product is used. Furthermore, the kind of boats where the joystick could
be used was mapped. To fully understand the functionality of the joystick, tests
of the product in its actual use environment were conducted by trying it out in a
boat. Observations of users interacting with the joystick while driving an actual
boat was carried out with the aim to understand how the customer use the product.
In this stage the users were also analyzed. To understand the technology and logic
behind the system, meetings were held with employees at CPAC, with deep knowl-
edge within the maritime segment of Volvo Penta.

Knowledge from this stage was used to formulate the requirements for the product
as well as the context of use. Furthermore, based on the findings in this stage,
different user scenarios were identified.

3.3 The process of defining areas of improvement

In order to know what functionality the test bench should have, first the possible
areas of improvement had to be investigated. At its most basic, a new version of a
product will need to be able to carry out the same functionalities as its precursor.
Not in the sense of specific functions, but rather over all functionality. If this is
not met, there may be customers that would prefer the older version. In order to
make sure this requirement was met, the functionality of the joystick was mapped
as described in section 3.1. To understand the areas of possible improvement, first
employees at CPAC was asked about their opinion on the joystick, secondly this
was complemented by reading reviews on the product, and lastly the product was
tested and analyzed.

When the users and the joystick had been analyzed and experts had been inter-
viewed, the requirements on the joystick could be concluded in a requirement spec-
ification, see Appendix A. All concepts generated fulfill the basic requirements pre-
sented in the requirements specification. Further on, the wishes will be referred to
as requirements.
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3.4 Defining the means

As described in 2.2, user experience is based in that users has to interact with a
product using the human senses. In regards to a joystick users use touch to interact
with the joystick, and it in turn interacts with the user by using visuals, haptics
and sounds. From this, a conclusion could be drawn that one needed to look at the
means to two different problems;

o How can the joystick communicate with the user

o How can the user communicate with the joystick?

From the market benchmark it was found out that most joysticks on the market
uses LED’s or external screens to indicate what functions are activate at a certain
time, as is the case with the current Penta joystick. In the case of the Game con-
troller presented in 2.7.2.4, haptics is also used to convey information to the user.
Furthermore, sounds were used to indicate the activation of both the joystick and
sometimes also functions on the joystick. In order to activate different functions,
users press tactile buttons on most joysticks.

Based on these findings it was decided that looking into both visual, haptic and
auditive feedback was interesting in regards to the feedback the user receives from
the joystick. It was also decided to look into visuals, audio and haptics in regards
to how the user interacted with the product.

With this reasoning as a background, literature studies were carried out with the
aim to find what sort of components that existed on the market that could carry
out the haptics, audio and visuals.

Below, each of the identified means are described together with hypotheses on their
strengths and limitations.

3.4.1 Visual feedback to the user

The most common way to communicate the status of a function to a user is through
LED’s. LED’s are easy to connect to a microcontroller or a custom chip which in
turn can turn them on when required. A special type of LED is an LED ring, that
can be placed around the joystick base, see figure 2.9. In some applications, as with
a computer, touchscreens are used to communicate what functions are activated or
not to a user.

3.4.1.1 Hypotheses on the strengths and limitations of LED’s

LED’s are used in many applications in our everyday life to indicate what functions
on a certain product that are activated. This is also the case with the existing Penta
joystick. Users will probably understand that the activation of a LED is connected
to the state of a function, especially if a sticker or similar with a symbol indicating
function is situated next to the LED.
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3.4.1.2 Hypotheses on the strengths and limitations of touchscreens

There are two main hypothesis behind usability of a touch LCD. Firstly, since a
big part of the worlds population has a phone, it is believed that users will have no
trouble understanding how to activate functions on the display. Secondly, as there is
no haptic feedback in a touchscreen to indicate that a function has been activated,
the user will need to look at the screen a lot, which may be dangerous if driving fast
at sea. Furthermore, touchscreens may loose their functionality in wet conditions.
It may also be hard for the user to operate a touchscreen if wearing gloves.

3.4.2 Auditive feedback to the user

In order to communicate information auditively, speakers of some sort are most of-
ten used. These speakers can vary greatly in size, sound quality and strength.

3.4.2.1 Hypotheses on the strengths and limitations of speakers

Lots of products use speakers to indicate function activation, therefore users would
probably understand that a sound signal is associated with function activation,
and not have to look at the joystick to understand if a function was activated. If
speakers are used as auditive feedback, it has to be used to indicate the activation
of a function, as with a short sound signal, and not that a function is activated. If
a auditive signal is activated during the time a function is activated, it will irritate
and distract the users.

3.4.3 Haptic feedback to the user

Vibration motors, often called rumble motors, are widely used to haptically com-
municate information to users. Several game controllers use vibration motors to
communicate for example when a player drives on a rough gravel road in a driving
game. Joysticks with haptic force feedback on the movement has since long existed
in the flight simulator community. It has been used to simulate the feeling of flying
an actual plane.

Another way of giving haptic feedback to the user is by altering the resistance,
opposite the movement, of the joystick.

3.4.3.1 Hypotheses on the strengths and limitations of vibration motors

As is the case with speakers, lots of products use vibrations to indicate the activation
of functions. This in turn mean that users would have to look a lot less at the joystick
to verify if a function was activated, as vibrations indicate this.
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3.4.3.2 Hypotheses on the strengths and limitations of a joystick with
haptic force feedback

An active force feedback in the joystick movement could be used to indicate extra
information about the boats movement to the user without them having to look at
the joystick. Most users are not used to this kind of feedback and would therefore
probably have to take some time to understand it. Because this technology was not
at hand during the course of this project it could not be evaluated, see chapter 5 &
6.

3.4.4 Haptic communication from the user to the joystick

As mentioned earlier, it was found through the benchmarking that most joysticks
used tactile buttons in order to let the user communicate with the joystick. As is the
case with the existing Penta joystick. In the literature study it was found that several
more ways of letting the user communicate with the joystick could be implemented.
In some TV’s there exist touch sensors that detect if a user press a certain surface
in the border of the screen, and turn on the screen if a press is detected. IR sensors
have also been used for these kinds of applications, where they detect if an object
is close enough to the sensor and if so send a signal to an external component.
touchscreens are an example of a combination of both a visual feedback and way for
a user to haptically communicate with a product. A common example of this is the
screens built into phones which can both show the user relevant information whilst
enabling them to communicate with the phone through touch.

3.4.4.1 Hypotheses on the strengths and limitations of tactile buttons

Tactile buttons are used on the current joystick, and will act as a reference through-
out the study. As is believed with the touchscreen, users will probably have to look
at the button in order to determine their position and status.

3.4.4.2 Hypotheses on the strengths and limitations of IR /capacitance
sensor

Both a capacitive touch sensor and an IR sensor could be implemented in similar
manner, and therefore they have the same hypothesis. Firstly, there may be prob-
lems with both IR and touch sensors being covered in some manner, which may
impact the viability of the sensor. Secondly, as the user will have no way of deter-
mine where the activation surfaces are situated, as the sensors are mounted under
the surface, they will probably have to look at the joystick a lot when activating
functions. Furthermore, nor capacitive touch or IR sensors work in wet conditions.

3.4.5 Auditive and haptic communication from user to the
joystick

Both the users voice and vision can be used for activation of functions. In some
products voice recognition is used to let the user for example call people, as in the
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case with a phone. The users eye position can also be used to evaluate where they
are looking, and thereby activating functions.

3.4.5.1 Hypotheses on the strengths and limitations of voice and visual
command

Both voice and visual command are hard to use when driving a boat since there is
lot of background noise and you need to keep your eyes on the sea. Because of this,
it was decided that both these technologies were too complicated to evaluate and
too inaccurate, and therefore they were discontinued.

3.4.6 Conclusion on defining the means

In order to evaluate which components that needed to be included in the test bench,
it was concluded that an evaluations of what functionalities to activate and how to
give feedback about this should be carried out. A matrix containing all functionali-
ties, as well as the means through which they can be carried out, was constructed.
This matrix can be seen in figure 3.3. This matrix lay basis for what components
to include in a test bench.

Functions Means

Auditive feedback from joystick to user Speakers

Haptic feedback from joystick to user Vibration motor

Visual feedback from joystick to user LED Touch screen

Communication from user to joystick Tactile buttons Touch screen |IR/Touch sensor buttons

Figure 3.2: An overview of functions and means

After having identified the means, these could be combined into concepts that should
be tested in the user studies. Beyond solely combining the means, it was also decided
to have both one concept where the tactile buttons were placed on the base, and also
one where the buttons were placed in the handle. Furthermore, because of technical
limitations, the touchscreen could not be combined with audio or haptic feedback.
The concepts that were generated are presented below.

Concept Communication from user to joystick Communicaion from joystick to user
1 Tactile buttons placed on joystick base LED
2 Tactile buttons placed on joystick base Speaker and LED
3 Tactile buttons placed on joystick base Vibration motor and LED
4 Tactile buttons placed on joystick base Speaker, vibrationmotor and LED
5 Tactile buttons placed in joystick handle LED
6 Tactile buttons placed in joystick handle Speaker and LED
7 Tactile buttons placed in joystick handle Vibration motor and LED
8 Tactile buttons placed in joystick handle Speaker, vibrationmotor and LED
9 Touch sensor buttons/IR placed on joystick base LED
10 Touch sensor buttons/IR placed on joystick base Speaker and LED
11 Touch sensor buttons/IR placed on joystick base Vibration motor and LED
12 Touch sensor buttons/IR placed on joystick base Speaker, vibrationmotor and LED
13 Touch screen placed on joystick base Touch screen

Figure 3.3: The concepts generated to be tested in the user study
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In addition to the concepts presented in figure 3.3, also a concept with an LED ring
was studied on the users. This concept was chosen to go through with since it was
fairly easy to integrate into the design of the test bench, and also the simulator code.
As this concept is a special variation on the led concept, it is presented outside of
the other concepts in order to not confuse it with the led concept.

3.5 Understanding the product in use and defin-
ing the different user scenarios

After having identified and analyzed the different users, it was concluded that they
differ a lot from each other. Furthermore, the future use area of the joystick is un-
certain. This made it hard to determine which user requirement to rank higher than
another. With this in mind, it was determined that different concept evaluations
should be carried out, for different user scenarios. Below, the different scenarios are
described.

3.5.1 User scenario 1 - Low speed in crammed spaces

This is similar to how the joystick is being used today. In this scenario, the joystick
mostly is mostly used for docking in low speeds in crammed spaces. It is hence of
utter importance that the user do not mistakenly activate a function since this could
risk e.g. a collision. Because of this, in this scenario, it is important to be able to
differentiate buttons from each other visually and haptically.It is also important to
have robust technology since you should be able to locate the joystick in an outdoor
environment. The robustness of the design is more important than the ability to
easily push new updates of the joystick.

3.5.2 User scenario 2 - Freedom for the developers

In this scenario it is of great importance for the developers to be able to push updates
of the functionality and the software of the joystick. Also, the designer values the
fact of not having too many design constraints when constructing the joystick. In
this scenario, the joystick is mostly located indoors or the touchscreen technology
has advanced and is now fit for outdoor environments.

3.5.3 User scenario 3 - High speed driving, with a lot of
function activation/deactivation

In this scenario, the user activates functions several times per trip, taking away
the importance of being able to visually locate the buttons. In this scenario, the
joystick is not used in crammed spaces making it of less importance to not activate
the wrong function. Furthermore, because the user is travelling at high speeds, it
is deemed important that the user does not loose visual focus on what is going on
around them.
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3.6 Test bench methodology

In a user study, both a test bench with concepts to be tested, and a use case in which
to test it is needed. In this project, these components are presented in the shape of
a physical test bench the user can interact with, and a simulator that simulates the
experience of driving a boat.

3.6.1 Test bench overview

In order to simplify the explanation of how the test bench is both physically and
digitally connected, figure 3.4 was created. The dotted arrows mean digital commu-
nication, and the filled in arrows represent physical contact between components.
The colors represent different sub-systems that will be further presented below.
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' Physical
i contact
' <«
: Seeeduino Arduino
A A
s | v v
' uSB
! hub
. o Arduino ‘
o ‘, & software

Figure 3.4: An overview of the test bench components

3.6.2 Test bench development workflow

With modern tools as CAD software, it is possible to assemble a product virtually
before manufacturing. This to make sure that everything fits and can be mounted.
When this is verified, manufacturing can begin. Since the test bench is supposed
to facilitate the testing of different components by users, its important to always
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take the principles of human-centred design into consideration. The main design
requirement is always that a user should be able to operate the test bench. By
utilizing this development workflow, it could be ensure that the final test bench can
be manufactured and assembled without having to do too many revisions.

3.6.3 Test bench - The making of the communication with
the electrical components

The need for developing a test bench was based in the reasoning that a user needs to
interact with something when carrying out the user studies. This something needed
to be able to communicate the visual, haptic and auditive feedback to the user whilst
processing the user input, and making modifications to the simulation.

In order to present the test bench in an comprehensive way, each function it needs
to be able to carry out will be presented followed by the software and electronics
that makes it work.

3.6.3.1 Test bench - Electrical components overview

The test bench exists for two reasons, to communicate stimuli to the user, and to
communicate user-input to the simulation. Below, each function is described fol-
lowed by the software and hardware that makes it run.

The core of the test bench consist of the metallux joystick base, an Arduino uno
rev3, a Seeeduino cortex M+ as well as an powered USB-hub. The arduino and seee-
duino facilitates the feedback to the user and button-statuses, whereas the metallux-
joystick facilitates the user-input on the joystick. In essence, there are two parts
of the physical test bench. One part concerns the reading of CAN-data, figure 3.6,
and the other, figure 5.1the processing of user button inputs and user feedback
communication. Both parts are connected to a computer over USB.
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Figure 3.5: The connection of the seeeduino and arduino to pc over USB
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Figure 3.6: The connection of the metallux joystick to pc over CAN bus and USB

3.6.3.2 User-input

The user needs to be able to communicate what functions to activate, and what to
deactivate to the simulation. It also needs to communicate this information in a
manner that does not slow down the simulation too much. In order to realize this,

the subsystem presented in figure 3.7 was created.
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Figure 3.7: An overview of the test bench components

As explained above, the test bench is based on the metallux joystick as well as one
seeeduino and one arduino uno rev3. The Seeeduino can be used to detect button
presses, and also communicated this to the simulation, whereas the arduino is used
as the base for a touch LCD screen.

By use of the arduino IDE, code was developed that every time the seeeduino runs
the void loop() function reads the status of each button and checks if it differs from
the last status. For example, if a user was to press a button the seeeduino would
register a change of status on the button circuit and communicate the status of each
button to the simulation. This circuit is visualized in figure 3.8

This logic behind the collection of user inputs could also be used when reading data
from IR- and touch sensors. Since both sensors communicate either HIGH or LOW
to the Seeeduino depending on if they measure and object nearby, nothing needs to
be changed in the code when switching between sensors and buttons. Each sensor
has a female Seeeduino connection, to which a male connector needs to be connected.
Each connector is built up of four inputs as in figure 3.9.

By connecting GND of all sensors together and to a common ground on the seee-
duino, as well as connecting 3v3 of all sensors to the same 3v3 pin on the seeeduino,
the sensors could be connected to the board with eases. The Nc connector did not
need to be connected to anything, and the SIG of each sensor was connected up to
a digital pin on the seeeduino.
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Figure 3.8: The connection of buttons to the Seeeduino
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Figure 3.9: The four connectors on the Seeeduino cable

This enabled the reading of status of each sensor.

3.6.3.3 User-input communication

When the button status has been read, it needs to be communicated to the simula-
tion.

In order to not slow down the simulation to much, components needed only to
communicate their status when their status change. For example, if a button was
pressed and thereby a circuit closed, there was only need to communicate that the
circuit has been closed, not that it was closed. The same for when the circuit was
opened.

This communication was made over usb using the SerialUSB.write() function on the

seeduino. A simple function, called sendData(), facilitating communication, was
called each time the seeeduino detected a button status change was also written.

| void sendData () {
2 SerialUSB.write ("<");
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Figure 3.10: Four sensors connected to the seeeduino

SerialUSB.write(buttonStatel) ;
SerialUSB.write(buttonState?2) ;
SerialUSB.write(buttonState3) ;
SerialUSB.write (buttonState4) ;
SerialUSB.flush () ;

}

Listing 3.1: sendData function

Each time a change in button status was detected, the sendData() function was
called upon and the data was sent to the simulation.

3.6.3.4 Visual feedback - LED’s

One way for the user to understand what functions are activated, is to let the
test bench communicate this through turning on LED’s in accordance with what
functions are activated.

In figure 3.38 the simple circuit used for turning on LED’s can be seen, here digital
ports D8-D11 are initialized and used as outputs for turning on or off the LED’s.

const int ledPinl = 8;
const int ledPin2 = 9;
const int ledPin3 = 10;
const int ledPin4 = 11;
void Start() {
pinMode (ledPinl, OUTPUT) ;
pinMode (ledPin2, OUTPUT) ;
pinMode (1ledPin3, OUTPUT) ;

34



10

1

)

3. Methodology

.
4
%
%

SRR

\ AREF
ARDUIND
uno s GH3
IOREF D12
ESET  PWM D11f—
3 PV D10
j PWM D3
Y
N

-1 W
- D D8
— D

= vin D7
PWK DEF

- AD PWK D5

Al D4

- A2 PWK D3

- A3 [y o

- A4 T% D1F

- AS RX DO

Figure 3.11: The connection of LED’s to the Seeeduino

pinMode (ledPin4, OUTPUT) ;
}

Listing 3.2: Assigning LED values

3.6.3.5 Visual feedback - touchscreen

In order to implement a touchscreencomponent in the test bench, a arduino with spe-
cialized touchscreensoftware was used. To the arduino a touchscreenwas connected.
This touchscreencould then display virtual buttons whilst constantly checking for
finger presses. When a press is detected, the software checks if the press was inside
any of the areas on the display where a button is displayed. If so, it logs what
button was pressed and communicates with Unity on a computer over USB. This is
done in the same manner as the user input communication presented in the code in
figure 3.1.

3.6.3.6 Auditive feedback - Speakers

By connecting a speaker to the Seeeduino in accordance with figure 3.38, it is possible
to have full control over when the speaker fires and what sound it makes. This opens
up the possibility of putting in sounds in the main void loop() of the seeeduino
code. A function called sound() was created and called on each time the seeeduino
registered a button press. The function starts of checking the status of a Boolean
value called speakerStatus, which if false prohibits the speaker to emit sound, and
thereby enables the user to completely turning of the sound buy changing one value
in the code. The main body of the function was based on code available from Seeed
Technology Co.,Ltd (2020a).

void sound(uint8_t note_index, int arr[])

{
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if (speakerStatus){
for(int i=0;i<15;i++)

{
digitalWrite (SPEAKER ,HIGH) ;
delayMicroseconds (arr [note_index]) ;
digitalWrite (SPEAKER,LOW) ;
delayMicroseconds (arr [note_index]) ;
+

b
Listing 3.3: LED function
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Figure 3.12: The connection of a speaker to the Seeeduino

3.6.3.7 Haptic feedback - Vibration motor

As well as using sound to indicate feedback about the state of a function, one can
utilize vibrations. There exist a simple but usable vibration motor available from
Seeedstudios, the grove vibration motor. By connecting this motor to ground as well
as 3v3 and a digital pin, data can be written to the motor that makes it turn when
nessecary. As with the speaker, there exist some main code from Seeed Technology
Co.,Ltd (2020b) which can be utilized. The code in listing 3.4 is based on the code
from Seeed Technology Co.,Ltd (2020Db).

void vibrateMotorOn ()
{
if (vibration)
{
digitalWrite(vibrPin, HIGH) ;
}
else {}
}
void vibrateMotorOff ()
{
if (vibration){
digitalWrite (vibrPin, LOW);
}
else {}

5 }

Listing 3.4: Vibrationmotorfunction
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Each time the motor should start vibrateMotorOn() is called upon, when it is to
stop, vibrateMotorOff is called upon. This means these two functions can be in-
cluded in void loop() and thereby when a button press is recognised, the motor
vibrates. As wait() does not work when used inside a function, vibrateMotor() had
to be divided into vibrateMotorOn() and vibrateMotorOff(). These two could then
be called upon in the main loop, loop(), with a wait() inbetween them.
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Figure 3.13: The connection of a vibration motor to the Seeeduino

3.6.4 Test bench - Creating the mechanical design

In order to for the user to interact with the sensors and electronics there had to
be a physical interface between the two. This interface was created in the shape
of a plug and play test bench where different modules can be altered depending on
the desired analysis. This way, only one test bench has to be developed onto which
different components can be connected.
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3.6.4.1 Creating the overall design

Figure 3.14: The complete assembly of the test bench

In order to develop the test bench, an idea generation was carried out. The idea
generation phase was based in an exploitative session where several concepts were
visualized both in drawings and in CAD software. Several concepts were created
with the basic requirement of being comparable to the existing Penta joystick, and
also to accommodate the electrical components identified in the previous step. An
overview of the components that needed to be physically connected to each other,
can be found below in figure 3.15. Each arrow represents a physical connection.
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Figure 3.15: An overview of the physical connections between components

First of all, it was decided that the handle would need to be bigger than the Penta
joystick since it was going to hold buttons and chords. Also, when having buttons
on the joystick, it was decided that it needed to be ergonomically fit. As mentioned
earlier, the most important thing is that the user should be able to operate the test
bench. A literature study on the size of an average hand palm was conducted. With
this data as basis, the handle was designed to be about 85mm high and a diameter
of 40mm (Soderstrom, 2019). Also the handle should not have any sharp corners
or edges and should sit comfortably in your hand. The handle was created using
CAD, making it possible to import a manikin and see how it fit in the hand, see 3.16.

Furthermore, the base of the test bench was decided to be similar to the size of the
Penta joystick but at the same time it needed to hold all the additional electronics.
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Figure 3.16: By inserting a manikin into CATTA, the shape and size of the handle
could be tested.

3.6.4.2 Making the test bench modular

In order to accommodate the swapping of components during testing it was dis-
covered that the test bench would need to be modular. Furthermore, this made it
possible to test other electrical components, that are not included in this project.

As can be seen in 3.17 & 3.18, the base of the test bench consists of of one center
piece that houses the metallux joystick and circuit board, to this piece you can add
different modules depending on where you want your electrical component to sit.
The different modules are, in turn, also modular in the sense that you can change the
electrical component module because they all have the same dimensions, see figure
3.21. In the same way, you can swap the handle depending on which component,
e.g. tactile buttons or IR sensors, you wish to try. An overview of the handles can
be seen in figure 3.20.
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Figure 3.17: The metallux joystick. Figure 3.18: The metallux joystick
placed in the centerpiece of the mod-
ular test bench design.

Figure 3.19: The test bench with the metallux joystick, centerpiece, handle and a
module.
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Figure 3.20: Some of the different handles that were developed.

Figure 3.21: Some of the different modules that were developed.
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Figure 3.22: The plates that were to house the different activation components
were made to be the same size as the touchscreen.

3.6.4.3 Deciding where to place the electrical components

A further question discovered during these sessions was, where on the joystick the
different components presented in section 3.4 should be placed. A new session, with
the objective of deciding this, was carried out. From this session, it was concluded
that;

o Activation surfaces can be placed everywhere on the joystick handle as long
as it is not in the way of the users hand.

o Activation surfaces can be placed on three main areas of the joystick body,
on the front, on the left side and on the back. The right side of the joystick
is turned away from the user and will therefore not be suitable for button
placement. This can be seen in figure 3.23, figure 3.24 and figure 3.25 below.
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Figure 3.23: The centerpiece with a Figure 3.24: The centerpiece with a
module in the front module on the left side

Figure 3.25: The centerpiece with a
module in the back

During this session, further questions regarding how a component could be placed
on each area on the joystick base were raised. It was concluded that the angle of the
components were interesting to look into, because of this the modules were design
to have three different angles; 0°, 45° and 90°. These modules can be seen below
in figure 3.26, figure 3.27 and figure 3.28. A module with a 135° angle, see figure
3.29, was also designed. This could be mounted on the back of the main body of
the joystick.
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s

Figure 3.26: 0° module Figure 3.27: 45° module
Figure 3.28: 90° module Figure 3.29: 135° module

3.6.4.4 Designing the test bench with assembly in mind

As described in 2.3.8,; a lot of time can be saved if designing a product with assem-
bly in mind. In order to realize the ideas from the work shops, CAD models were
created in CATIA V5. In addition, all third party electrical components were also
modelled in CATIA. Each one on the models were assembled digitally into concepts
to ensure that no errors regarding the physical interface between the components
were made.

Furthermore, since each module was to be mounted onto the center piece, it was
necessary to make sure that a small screwdriver could fit into each module to fasten
it. This can be seen below in 3.30 & 3.31 where the opening on the side is big
enough for a screwdriver to fit. Bolt holes placed in areas where it was deemed hard
to reach was equipped with a counterbore where the nuts could be glued on.



3. Methodology

Figure 3.30: Attachment of a module to the centerpiece using a bolt and a glued
nut.

Figure 3.31: The modules are designed in such a way that a screwdriver can be
used.

3.6.4.5 Designing the test bench with usability in mind

Since the test bench was also supposed to be used by a user, it was important that
it was strong enough to withstand use. Areas that were more likely to withstand a
greater force were therefore designed to be a bit thicker in order to carry a greater
load.
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Figure 3.32: The drawer underneath the test bench with the purpose of hiding
away components and enabling hot switching.

It was decided that users should not be distracted by the cords and electrical com-
ponents that built up the internals of the joystick. With this in mind, a drawer
was placed underneath the joystick, which in turn could be pulled out when hot
swapping components during testing. This drawer can be seen in 3.32 & 3.31. Fur-
thermore, the chords that needed had to be connected to a power supply or to the
computer was drawn through a hole in the back of the drawer.

3.6.4.6 Designing the test bench with manufacturing in mind

In order to manufacture the test bench in a fast and reliable way, it was decided
to look into the possibility of using Additive Manufacturing(AM), or 3D printing
which is the common name for it. As declared in section 2.3.7, AM puts several
constraints on the design of the models. Because of this, models were designed with
a certain printing direction in mind, leaving it with little to no need of support
structures. The model in figure 3.33 only need support structures in the holes. If
the part had been printed in any other direction it would have resulted in more
support structures and therefore more post production fixes.
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Print
direction

Figure 3.33: The direction of the print.

3.6.4.7 Conclusion of the mechanical design

A lot of time and effort was put into making the mechanical design of the test
bench. Because the assembly, use and manufacturing was considered in each step
of the process, only one setup of the test bench had to be printed.
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Figure 3.34: Overview of all 3D models.
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3.6.5 Developing the simulator

In order to evaluate a test bench its is necessary to create an environment in which
it can be tested. The ideal environment would be in the scenario where the actual
joystick is used on a boat. When developing a test bench there is a possibility
that components and code stop working or work in an unintended way. This in
combination with a sharp situation at sea may result in disaster. With this reasoning
as a basis it was decided that a simulation could be used as environment. This comes
with the drawbacks that some factors of the real environment may not be able to
be conveyed to the user, which could result in faulty or poor data.

3.6.5.1 Simulator overview

The simulator has three main objectives. To read and process user input, To read
and process joystick data from the metallux joystick, and the simulation of a boats
movement on water. there are many ways to realize this, the only important part
is that a user needs to be able to manipulate the position and rotation of the boat
by the use of the test bench, whilst activating/deactivating functions. One could
build a simulation engine from the bottom up with all relevant components for the
simulation to work, or one could utilize an existing game engine. A good compro-
mise of both is a game engine as Unity or Unreal Engine, where one can utilize the
game engine to manage the rendering of each frame whilst still having control over
user input and what to render. Unity utilizes scripts written in C# to control the
user input and the manipulation of sprites, whilst Unreal uses C++. Unreal is also
mainly focused on 3D rendering and applications, where as Unity can be used for
both 2D and 3D. As the main part of the project is to research user feedback and
not to develop a simulator, it was decided that a 2D simulation in unity would be
sufficient enough. The Simulation should be able to communicate with both the
metallux joystick, Arduino and Seeeduino, as can be seen in figure 3.35. The USB-
hub in this figure, represents the data coming from the Seeeduino and Arduino, as
it has to travel through the hub to reach the simulation.

3.6.5.2 Simulator functionality

There exist four main functions the user should be able to activate in Unity, Func-
tionl, Function2, Function3 and Function4. These are essential to mimic the actual
use case for the test bench. In order to activate each of the functions, there are
checks in the main Unity C# code that identifies if a button was pressed or not.
Each check is built in the same way, as the code in listing 3.5.

if (ButtonlPressed) //If a buttonpress is identified ButtonPress =
true.
{
if (Functionl) //bool that respresent the current
status of the function
{

//Functionspecific code for activated function
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Figure 3.35: An overview of the in-data to Unity

Functionl = false;
}
else
{

//Functionspecific code for deactivated

function
Functionl = true;

}

}
Listing 3.5: Button press functionality

Each of the four functions utilizes this same check with their own buttonxState and
Functionx status. The drawback with using this kind of check is that if a button
consistently gives a value of true when activated, the function will flicker on and of
time and time again. To avoid this further button-logic needs to be implemented
that only sets the value of buttonlPressed to true the frame the button is pressed,
and then reset it to false the next frame.

3.6.5.3 User-input processing in Unity

As the application developed in unity calls on void Update() when drawing each
frame, every instruction within the function will be carried out before each frame.
This means that it is possible to check buttons statuses or check if there is any input
from an external device before each frame. This comes with the possible pitfall that
if an external device constantly sends data to unity ,the speed of the simulation may
be severely crippled. This was observed several times when trying to read data from
the metallux-joystick base whilst simultaneously reading data from the seeeduino.
A workaround for this problem is to make a check of the length of the data from
the seeeduino before reading it. If the length is zero, then there is no point in trying
to read it. The seeeduino, as mentioned earlier, only send data if there is a status
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change on any of the buttons. As the seeeduino send data according to the function
described in the code in listing 3.1, Unity also needs to read the data in the same
manner. To do this, a C# script was written that first checks weather there is any
data coming from the seeeduino, then it checks is the data is the symbol <, if that
is the case, it reads the following four values from the seeeduino in as the status of
each of the four buttons. This code can be viewed in listing 3.6

void Update ()

{
buffer_length = sp.BytesToRead;
if (buffer_length != 0)
//I1f the length of data not equal to O
{
if (sp.ReadByte() == 60) //int 60 to str = "<"
// Check if seeeduino sent "<"
{

//If true, read next 4 as status of each button. Either 0 or 1
knappl = sp.ReadByte();
knapp2 = sp.ReadByte();
knapp3 = sp.ReadByte();
knapp4 = sp.ReadByte();

Listing 3.6: Button status reading in Unity

3.6.5.4 Joystick data processing in Unity

As the Metallux-joystick communicates over a CAN bus, as can be seen in 3.36 be-
low, there is need of either building a device able to read this information or utilizing
an existing device.
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Figure 3.36: An in detail overview of what is connected to the metallux joystick

At CPAC there was the possibility of borrowing a PCAN-USB which could be
connected to a break out box (BOB) over serial communication. A power source in
the form of a power supply was connected to the BOB to drive the joystick. This in
turn meant that the CAN-data on the buss could be read into the computer directly
over USB when combined with a PCAN-USB driver on the computer. In order to
read the data into unity, there was also the need of using a API developed by PCAN
to communicate with the PCAN-driver in the computer. This API and a .dll was
available from PCAN in C# which meant that the data could be read straight into
Unity through a C# script . The CAN-data read from the Joystick through the API
comes in the form of an TPCANMSsg object, which has the method DATA which in
its turn is an array with 8 elements. This array consists of,

It was found out that the metallux joystick used in the test bench did not always
send the data expected on the bus. Sometimes the data would include instances
where the DATA array would consist of only zeros for each element. These in-
stances of zeros were ignored.

3.6.5.5 Simulation of boat movement

In Unity image files can be imported as sprites which can be manipulated and
rendered each frame.
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Figure 3.38: .PNG of a boat, imported to Unity to be used as sprite

In order to simulate the movement of a boat at sea, a sprite of a boat was used. In
order to control the sprite, a 2DRigidbody was introduced as described in (Unity
Technologies, 2020). This 2DRigidbody object then has lots of interesting properties
that will be used later. This sprite could then be controlled in Unity through data
from external devices such as the Metallux joystick, by the use of a c# script. The
CAN data DATA array presented in figure 3.37, includes x-,y-, and z-vales which can
be used to control the sprite. The values range from 0-31 depending on the position
of the joystick. For making it easier to translate the joystick into a movement of
the boat sprite, the range of the data was changed to instead be from -15 to 16. To
simulate a somewhat realistic behaviour of the boat sprite when it travels through
the water, simple fluid-dynamic equations were used. From fluid dynamics we know,

Fy=1/2p0*C A (3.1)
which can be heavily simplified as,
Fy =v*C (3.2)

This simplification is based in that we no longer take the geometry of the boat into
consideration when it is translating throughout the water in different directions.
We have simplified 1/2p * A to C. This is not physically correct as A would change
depending on what direction the boat translates, but it still works well enough the
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simulate the slow down of a boat in this application. Since F,; in the simplified
equation still depends on the speed of the boat v?, a gradual slow down will take
place, and the magnitude of C' can be used to decide how fast the slow down should
be. As the boat sprite has the 2DRigidbody, 2DRIgidbody.AddForce(x,y) can be
used to add a force in a certain direction and of a certain magnitude each frame. This
is used throughout the code to update the position of the boat. The engines will put
a certain force on the boat in the direction calculated from the CAN data, which will
result in the boat moving through the water at a certain speed. Fy will meanwhile be
applied in the opposite direction of the boats movement. This results in that, when
the user stops manipulating the position of the boat through the joystick, the boat
will slow down as if the force of F,; was continuously counteracting its movement.

3.6.5.6 LED ring communication

After having understood the product, in section 3.2, as well as defined the means, in
section 3.4, it was established that there could be of interest to communicate what
direction the boat has compared to the direction the user moves the joystick and
therefore tries to make the boat move to. As a boat on water has the aforemen-
tioned behaviour of inertia, presented in section 3.6.5.5, the boat may move in one
direction during a short time whilst a counteracting force slows it down and changes
the direction of movement in accordance with the joystick position.

In Unity each Rigidbody2D has a velocity property, Rigidbody2D.velocity() which
according to the Unity manual (Unity Technologies, 2020) consists of a Vector2
with x- and y-values representing both the direction and magnitude of the velocity.
As the vector from the joystick also comes in the form of a x- and y-value, one
can do a simple check on the angle between each vector to determine weather the
user is applying force in the direction of movement or in the opposite direction
of movement. According to the Unity documentation one can calculate the angle
between two vectors using Vector2.Angle(new Vector2, new Vector2). By using this
function, with the first Vector2 as the velocity of the boat rigidbody, and the second
the x- and y-values of the joystick data, the check can be performed and it can
be determined if the user is pointing the joystick in the direction of velocity or
not. This information can then be sent in the form of an integer to the Seeeduino,
which displays the correct colour and direction on the LED ring. The LED ring
consists of 24 individually addressable LED’s, where both color and brightness can
be manipulated. It was decided that red color should be used for the case where the
user is not pointing in the direction of movement, and green color should be used
when the user is pointing in the direction of movement. To simplify the process
of identifying directions and communicating data, the LED ring was divided into
four quadrants with seven LED’s in each. The Unity code starts of by checking the
direction of the joystick compered to the velocity of the boat, as explained above, if
the angle is bigger than 90°, it is determined that the user is pointing the joystick
away from the movement of the boat. A second check is done to determine if the
angle is between, 0-45°, 45-135° or 135-180°, compared to a vector that always point
forward from the boat. This in turn decides the direction the light should point.
These two checks combined result in eight cases that can be sent to the Seeeduino.
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Case one to four, the LED’s turn on with red color and in all directions as can be
seen in figure 3.39.

Figure 3.39: The different directions the LED ring can light up red.

In case five to eight, the LED’s light up green in the four different directions, as can
be seen in figure 3.40.

Figure 3.40: The different directions the LED ring can light up red.

As mentioned, each case is represented by a number from zero to eight. When Unity
has decided what case should be activated, by use of the methods described above,
the number of the decided case is sent in the form of a string to the seeeduino. The
seeeduino then checks what number has been sent, and activated one of the cases
presented in figure 3.39 and figure 3.40.

In summary, Unity calculated what direction and color the LED’s should light up
with, and send the information forward to the seeeduino. The seeduino in turn
activates LED’s in accordance with the case that has been transmitted, both in
regards to what LED’s to activate and what colour they should have. This is done
every time the user changes direction of the joystick, or when the direction of the
boats velocity change direction.

3.7 User studies methodology

To be able to draw conclusions regarding activation types and different types of
feedback, it was decided that user studies were to be carried out. The user studies
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consisted of two parts, a test during which users operated the boat in the simulation
described in section 3.6.5 whilst being observed, and a interview part where they
evaluated the test bench in different regards. In order for the tests to not take too
much time, it was decided that no combination of activation types would be tested
at the same time. Three test users got to participate in the studies. Each one of
the concepts described in section 3.4 were individually tested by the users.

3.7.1 User studies setup

The user studies were carried out in an apartment with the test bench connected to
a computer and the computer connected to a TV over HDMI. The user was placed
in front of the TV with the test bench mounted on a separate chair in a height and
placement as if it had been situated in the armrest of a chair, as can be seen in
4.3. Each user would also be filmed during the test in order to ease the user data
collection. These recordings were later evaluated to retrieve the test data.
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Figure 3.41: A test person during performing a user study.

3.7.2 User study - Observations

As mentioned, the first part of the user study consisted of observing the user whilst
taking notes. In addition, the user studies were performed in a constructed manner,
as described in 2.3.4. As the studies aim to verify or reject hypothesis it is impor-
tant that they are easy to replicate and carried out several times in the same manner.

The route marked in 3.42 was used in each one of the user studies. The users were
during the study asked to activate functions on the concept at hand whilst traversing
the route. The numbers in figure 3.42 stands for the approximate position the users
were told to activated a function. The functions were activated in the following order;
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Start the joystick

Activate Function 1
Activate High mode
Activate Joystick driving
Deactivate Joystick driving
Activate High mode
Deactivate High mode
Activate DPS

1.
2.
3.
4.
d.
6.
7.
8.

Variations of what functions to activate at what time were carried out in order to
change things up and keep the user concentrated and focused. Function 1 act as a
template for an undisclosed functionality.

| Glear | | Collapse |clear on Play | Clear on Build |Error Pause | Editar - S [@o [ A0 @0

Figure 3.42: The route that the users in the study were asked to drive.

3.7.3 User study - Interviews

After each route, users were asked a set of questions which were the same for each
user and each concept. The questions were as follows;
o What did you think about the possibility of finding the correct activation
surface?
« What did you think about the possibility to activate the correct function?
o What did you think about the possibility to determine if a function was acti-
vated/deactivated?
e What did you think about the possibility to determine what functions that
currently are activated?
o What was your over all impression?
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3.8 Comparing the remaining concepts to each
other using kesselring matrices

The interviews were followed by a comparison between the concepts using a kessel-
ring matrix.

Before this, it was concluded that not every concept needed to be evaluated in the
kesselring matrices. Because the user scenarios varied a lot, not one activation type
were deemed better than another in the user studies. Because of this, one concept
for each activation type went through to the kesselring matrices. The concept that
went through had both visual, auditive and haptic feedback. There were two excep-
tions, both the touchscreen and the Penta joystick had only visual feedback, because
of technical limitations.

As explained in section 3.5, the user scenarios varied a lot. Because of this one
kesselring matrix were done for each scenario. The factor that varied between the
matrices were the weight of the different requirements. These different weighting
will be presented in chapter 4.

The result from the kesselring matrices was one winning concept for each user sce-
nario.

3.9 Conclusion of methodology

For this section it can be concluded that, a test bench has been developed in accor-
dance with the product development process presented in figure 3.1. Furthermore,
an explorative user study has been carried out. In addition, a framework for user
studies as well as scenarios through which the data can be evaluated has also been
developed. With this as a basis further user studies and analysis of the results can
be carried out.
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Results

In this chapter, the results from the project is presented. The chapter is commenced
by a presentation of the test bench, after this, the results from the qualitative user
studies are presented. The chapter is concluded by a presentation of the strongest
concept for each user scenario.

4.1 Final test bench

On of the main results from this project is the test bench test bench that has been
developed and used in the user studies.

Figure 4.1: A 3D model of the test bench.
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Figure 4.2: The test bench.

In difference to the existing test benches at CPAC, this test bench only incorporate
the joystick, not the entire boat electronics, and is small and portable. If future
development is done in regards to developing new joystick handles and new button
layouts, interfaces, or over all design, this test bench will be able to act as an
exploratory first step where initial testing can be done with lots of concepts being
tested with ease. The joystick handle for example is already 3D printed on the
current set up, so a new joystick handle with further ergonomics and functionalities
can easily be printed and mounted onto the test bench. Using this test bench
will enable a developer to quick and easily test lots of ideas, which opens up the
possibility for even more creative and innovative thinking.

4.1.1 Modularity

As the test bench is built with being modularity in mind, it has both mechanically
and software-wise the ability to integrate new functionalities and components if
required. Modules the size of the touch-screen can be mounted onto the main body
of the joystick, and as long as the required sensors can fit onto the module. The code
that was developed is not sensor dependant as long as the sensors are compatible
with an Arduino’s 5v or 3v3 connections. This makes future updates of touch sensors
or more advanced touchscreens possible. This enables a future user of the test bench
to carry out new test that were not even defined during this project, without having
to do too much change of the actual software or hardware. As all parts except the
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electronics were 3D printed, from CAD files, it is easy to remodel or change whatever
required, print new modules and connect them to the joystick.

4.1.2 Replaceability

The test bench is built to be able to be dissembled and reassembled as see fit.
Therefore, if a component breaks or get damaged during testing, only the damaged
component will need to be replaced, in stead of the entire test bench. Except the
metallux joystick, no complex or hard to find components have been used in the test
bench, which means replacement part can be found in most electronic-component
stores.

4.1.3 Simulation

Not only has a mechatronic solution been developed for the joystick itself, but also
a simulation in which the joystick can be tested. This simulation be be further
updated and developed to implement whatever functionalities a future developer
require. The simulation only needs data from a joystick, and not an entire boat
system, so smaller scale test regarding only the joystick itself, and its functionality,
can be carried out. The simulator is developed to read and interpret data from the
Penta joystick, so as long as whatever is connected to it send the same kind of data,
it should be compatible with the simulation.

Figure 4.3: The Unity application

4.2 Results from the user studies

Below, the results from the qualitative user studies are presented through extracts
from the comments by the three users that participated in the tests. The transcripts
can be found in full in Appendix B.

63



4. Results

4.2.1 Tactile buttons, placed on the joystick base

Figure 4.4: The joystick with tactile buttons, placed on the joystick base.

The interviewees found it easier to locate the right activation place using tactile
buttons, compared to touch sensor buttons. They felt it was easier to locate the
right button because they did not have to look at it every time. When testing this
concept, the order of the buttons were not the same as the order of the LED’s, like
in the concept with the touch sensor buttons, all interviewees found this confusing.
The interviewees spent less time looking at the buttons, but still they looked down
almost every time when asked to activate a function.

When asked about their opinion on having tactile buttons that stayed pushed in,
one interviewee expressed that this would be a good idea since one could tell if a
function was activated. The interviewee expressed that this was more trustworthy
than having an LED visually signaling the state of a function. When asked why this
was, the interviewee explained that it felt more convincing because it looked like the
circuit was closed.

All interviewees found that the placement of the buttons forced them to sit in an
non-ergonomic position when activating the functions with their left hand.
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4.2.1.1 Tactile buttons, placed on the joystick base, with visual feedback

The interviewees liked this concept better than the touch sensor button with visual
feedback. The interviewees expressed that they got auditive and haptic feedback
from pushing the buttons. Although, one interviewee did not like this concept be-
cause the buttons did not have a good feel to them, and this was more obvious if
there were no sound signal or vibration.

"Designing a tactile button with a good feel to it is harder, and more im-
portant, if you do not have a sound signal nor vibration to complement it"

4.2.1.2 Tactile buttons, placed on the joystick base, with visual and
haptic feedback

None of the interviewees noticed the vibration and hence the same results applies
as for the concept with only visual feedback.

4.2.1.3 Tactile buttons, placed on the joystick base, with visual and
auditive feedback

When compared to the concept with both auditive and haptic feedback, one inter-
viewee did not like having vibration signaling activation of functions, and because
of it, preferred this concept.

4.2.1.4 Tactile buttons, placed on the joystick base, with visual, haptic
and auditive feedback

The interviewees either did not notice the vibration or did not like it. One intervie-
wee pointed out that it could be hard to notice auditive feedback when om an actual
boat, it being a noisy environment. Some interviewees liked the user experience of
having both visual, haptic and auditive feedback together with the tactile buttons.
One interviewee wanted to give this concept a 10/10 if the LED’s had been placed
on the buttons.
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4.2.2 Touch sensor buttons, placed on the joystick base

Figure 4.5: Touch sensor buttons, placed on the joystick base.

The interviewees were not overly positive to the touch sensor pad. Some mentioned
that it did not feel like something that belonged on a boat since it could get wet
and loose functionality because of it. Furthermore they explained how they would
like to be able to activate functions without having to look at the buttons.

'T want to keep my eyes forward, and then I would like to feel where the
right button is...like the blinkers on a car..."

When asked about their opinions about having touch sensor buttons compared to
haptic buttons, one interviewee expressed that it looks nice with a smooth surface
but of the functionality is affected negatively.

"A smooth surface is nice and all, but it feels like the nice cutlery you
have for Christmas, they are nice to look at but you can’t use them to
cut meat"

But the interviewees also expressed that from the developers point of view, it could
be beneficial to have touch sensor buttons because it gives less design constraints.

The interviewees had mixed opinions about the placement of the buttons. Some
interviewees expressed that it did not feel very ergonomic having to twist their back
to be able to reach the buttons with their left hand and that they would rather have
the buttons placed in front of them or to their left.
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4.2.2.1 Touch sensor buttons, placed on the joystick base, with visual
feedback

The interviewees understood that the visual feedback was the only solution when
it came to communicate that a function was activated/deactivated, but they would
have wanted it placed differently, either on the actual button or in their field of view
when looking forward. When asked about the feedback about the activation/deac-
tivation of functions, they also expressed that they did not like the fact that they
had to look down at the LED’s every time.

4.2.2.2 Touch sensor buttons, placed on the joystick base, with visual
and haptic feedback

The opinions from the interviewees differed greatly when it came to the haptic
feedback. One interviewee loved the vibration, one interviewee did not notice the
vibration and one liked it but thought it sent the wrong message.

The last interviewee associated vibration with something negative, and hence, having
the vibration communicate that a function was activated/deactivated felt confusing.
The interviewee also suggested that perhaps the vibration could signal that a func-
tion was deactivated, and that a sound could signal that the same function was
activated. Furthermore, the interviewee did not like the fact that it was the same
feedback for all functions and rather suggested that it could be different vibrations
or sound signals. Lastly, the interviewee expressed that if a vibration were to be
integrated in a design, it should vibrate where you are pressing, i.e. in the button,
only and not in the handle as well. This interviewee did not like the feeling of the
vibration in the handle at all.

4.2.2.3 Touch sensor buttons, placed on the joystick base, with visual
and auditive feedback

As mentioned above, the interviewees found it hard to tell if a function was activated
or deactivated without looking at the joystick. One interviewee did not like the
vibration in the handle at all and hence thought this feedback was the best if touch
sensor buttons were to be integrated in the design. The interviewees mentioned
that it could be hard though to hear the sound signal when on bout where there is
probably a lot of noise.

4.2.2.4 Touch sensor buttons, placed on the joystick base, with visual,
haptic and auditive feedback

Two of the interviewees did not notice the haptic feedback and one did not appreciate
this feedback, hence, the results from 4.2.1.3 applies to this concept as well.
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4.2.3 Touchscreen, placed on the joystick base

Figure 4.6: Touchscreen, placed on the joystick base.

There was a mix of impressions of the touchscreen among the interviewees.

All interviewees pointed out, and was positive about the fact that the visual feedback
was situated at the same place where you activated a function. Furthermore, one
interviewee expressed that the sole advantage of a touchscreen was the placement
of the visual feedback.

"I prefer the touchscreen because you get the visual feedback on the same
place as you activate a function, but aside from this, [ would not prefer it"

All interviewees expressed that they did not trust the functionality of a touchscreen
as much as they did for tactile buttons. Among the concerns were how the screen
would function if it got wet or if you had to wear gloves. One interviewee expressed
that it felt more futuristic with a touchscreen than with tactile buttons. The same
interviewee expressed that a touchscreen was preferred above touch sensor buttons.
Furthermore, some interviewees expressed that it was easier for a developer to make
updates to a touchscreen than to tactile buttons and also it did not give as many
design constraints.

When asked about the positioning of the touchscreen, different opinions arose. On
the one hand it was a good placement since you did not have to let go of the view
of the surroundings completely. Also, one interviewee expressed that it felt more
ergonomic since you could rest your wrist on the joystick base when maneuvering
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the touchscreen. Furthermore, if you use your left hand to activate functions, one
interviewee expressed that this did not affect the maneuverability of the joystick as
much as when the buttons were placed in front of the joystick, it did not block the
movement and forcing the user to use their wrist instead of their whole forearm to
maneuver as was expressed as an advantage. On the other hand, it could affect the
design and visual impression of the product in a negative way since it made it bigger
and bulkier. All interviewees expressed that they would prefer to have it placed on
the left or in front of them.

4.2.3.1 Touchscreen, placed on the joystick base, with visual feedback

All interviewees were positive to the fact that the visual indicators were placed on
the same placed as the buttons. They found this making it easier to keep focus on
your surroundings. One interviewee expressed that the colors used, green and red,
can not be distinguished if you are color blind. None of the interviewees expressed
that they missed auditive or haptic feedback.

4.2.4 Tactile push buttons, placed in the joystick handle

Figure 4.7: Tactile push buttons, placed in the joystick handle.

The first impression of this concept was really positive from all interviewees. When
asked question after the test, the interviewees found this activation type to be ben-
eficial in some situations and in others to rather be counterproductive.
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'If the functions will be activated often and a lot, it is feasible to have
them on the handle. If not, if they will only be activated a couple of
times per journey, there is really no point in having them in the handle."

Two of the interviewees mentioned that they played a lot of PlayStation and found
this concept to be similar to that of a video game controller, see figure 2.18, these
two interviewees were positive to the placement of the tactile buttons. They men-
tioned that since the buttons were placed in the same order as the LED’s, it was easy
to understand which button activated what function. All interviewees mentioned
though, that if you do not activate/deactivate the functions that often, it would
probably be hard to remember which button was connected to which function. The
interviewee that had not played that much PlayStation activated the wrong func-
tion a couple of times, compared to the PlayStation players who did not activate
the wrong function one single time.

When asked if the buttons could be in the way when trying to maneuver the joy-
stick the interviewees did not think this was that big of a problem. All interviewees
placed their hand with their fingers between the buttons, and some mentioned that
there could be a risk of pressing the lower button with your middle finger uninten-
tionally. One interviewee did not think the buttons were intrusive since they were
small and the placement was well thought through. The interviewee added that if
they would be even better placed, ergonomically this could take them the final step
to completion.

'T did not think the buttons were intrusive because they were small, if
they would be even more ergonomically placed, like the old Microsoft
flight controllers where the buttons are integrated in the design, this
could take them the final step. But having them like this, this helps a
lot T think."

4.2.4.1 Tactile push buttons, placed in the joystick handle, with visual
feedback

The interviewees did not like this concept that much. They felt it was unsatisfying
to not have any feedback except the visual.

'T wanted to look at the LED every time, I did not trust only the me-
chanical click sound as feedback."

The same interviewee expressed that the experience was more confused and the
impression was worse than the other concepts with the buttons placed in the handle.
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4.2.4.2 Tactile push buttons, placed in the joystick handle, with visual
and haptic feedback

The interviewees found this concept to be better than the previous one, but not as
good as the later two. One interviewee was not pleased with the vibration since it
did not have a nice feel to it.

4.2.4.3 Tactile push buttons, placed in the joystick handle, with visual
and auditive feedback

The interviewees were generally pleased with this concept, more so than with the
two previous mentioned concepts. One interviewee did not like the vibration and
hence preferred this concept.

4.2.4.4 Tactile push buttons, placed in the joystick handle, with visual,
haptic and auditive feedback

The interviewees were generally positive to this concept. One interviewed expressed
that the combination of the beep from the speaker and the mechanical click sound
from the button was a good combination that gave a nice experience. One in-
terviewee mentioned that it would have been beneficial to have a variation in the
feedback depending on which function was activated and deactivated and whether
it was activated or deactivated.

4.2.5 LED ring, placed in the joystick base

Figure 4.8: LED ring, placed on the joystick base.
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Figure 4.9: The LED ring in use.

All interviewees understood what the colors on the LED’s displayed. The intervie-
wees contributed with a lot of feedback on this feature.

One interviewee expressed that there was no real need to have the red light because
you know which way you are going. When asked if it could help with understanding
the inertia of the boat, the interviewee explained that, considering this, it could
in fact help. The same interviewee had never driven a boat and explained that
it could help when landing at the dock, so that you do not hit the gas too hard
thinking the engines does not respond, when in fact, it is the inertia acting on the
boat. Furthermore, the interviewee expressed that it could could contribute with an
understanding to novel drivers about the correlation between the joystick and the
movement of the boat.

One interviewee, that had experience of driving a boat liked the function of having
a color signaling that the boat was going in another direction than the direction of
the joystick. When asked if this feature could be helpful when maneuvering a boat,
the interviewee was not sure and expressed that you would not really want to look
down at the joystick too much while driving. The same interviewee added that if
the driver is inexperienced, it could probably help, and added that, even though the
owner of a boat is usually experienced, it happens pretty often that it is somebody
else, like a family member, who is driving.

All interviewees liked having the LED ring and most were positive to the feature
of having it signaling the movement of the joystick. Although, one interviewee
expressed that it would probably be better to have the color showing only the move-
ment of the boat;

'If I'm going full speed forward and hitting the reverse, I would want it to be red
until the boat changes it’s direction. I already know which way I'm pushing the
joystick"

One interviewee liked the colors but expressed that you should watch out for having
the light too bright or using strong colors, and also that red is a warning color and
should probably not be used for anything else than this. According to the intervie-
wee, calmer colors like white or yellow was preferred. Strong colors signaled that the
product was cheap. A few and well thought through colors showed that the product
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was smart and well engineered. The interviewee mentioned that being a product
development student probably affected this opinion.

"I think I like simplicity, this has probably to do with me being a Product Develop-
ment student. More colors would feel cheaper. I would prefer to have it clean but
it is probably personal, perhaps it could be a good idea to give the user possibility
to decide on the colors."

Another interviewee expressed that you could have the LED being brighter if you
pushed it further, but that this would probably impair the experience more rather
than it being the helpful. The interviewee mentioned that it would only be interest-
ing to know if something is happening or not, not how much. The same interviewee
suggested that you could have different colors depending on the difference between
the movement of the joystick and the movement of the boat;

"If T would have full speed backwards and wanted to stop, I would push it(the
joystick) full speed forward, then maybe I would want it to go from red to orange
to yellow to green. Signaling that now my action is starting to give response on the
movement of the boat, making it easier to meet the boat."

4.3 Presentation of the strongest concept for each
user scenario

Depending om the user scenario some concepts were deemed stronger than others.
The winning concept for each of the user scenarios are presented below.

4.3.1 User scenario 1 - Low speed in crammed spaces

In this scenario, being able to easily identify placement of activation surfaces visually,
being able to haptically identify the placement of activation surfaces and a high level
of robustness was deemed as important requirements, and was therefore weighted
heavily in figure 4.10. In the matrix one can see how the strongest concept was
tactile buttons placed on the joystick base, see figure 4.11.
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Concepts

Touch sensor

Touchscreen on

Tactile buttons

Tactile buttons in

Ideal Panta joystick buttons on base
laya base back on base front joystick handle
front

Criteria Weight b:) s 3 T S T ] T 5 T
The user should be able to differentiate the
activation buttons from each other visually 5 25 4 20 4 20 5 25 4 20 2 10
The user should be able to differentiate the
activation buttons from each other haptically 5 25 4 20 2 10 0 0 4 20 4 20
The user should get feedback about the
activation/deactivation of a function visually 5 15 5 15 5 15 5 15 5 15 5 15
The user should get feedback about the
activation/deactivation of a function auditive 5 10 5 10 5 10 5 10 5 10 5 10
The user should get feedback about the
activation/deactivation of a function haptically 5 10 2 4 5 10 5 10 5 10 5 10
The movement of the boat as compred to the
mavement of the joystick should be
communicated to the user 5 5 1] 4] 0 1] 0 0 0 0 1] 4]
There should be a visual feedback on the
joystick about the direction of the boat 5 5 0 a 0 0 0 a a 0 0 a
It should not be apparent for others than the
user that the joystick is activated 5 5 0 0 0 1] 0 0 0 0 0 0
There should be support for activation of future
functions 5 15 1 3 3 9 5 15 1 3 1 3
The buttons should be integrated into the
oystick design 5 25 5 25 5 25 5 25 5 25 5 25
The user should not mistakenly activate the
wrang function 5 25 4 20 2 10 4 20 4 20 2 10
It should be apparent what function a feedback
signals 5 5 0 0 0 0 0 o 0 0 0 0
The user should look down at the joystick as
few times as possible during use 5 20 2 & P 8 2 & P & 4 16
The addition of new functions should cost as
little as possible 5 15 3 & 3 9 4 12 P & 3 &
There should be as few design requirements as
possible with the product 5 10 2 4 4 8 5 10 2 4 2 4
The product should have a high level of
robustnessilow level of complexity 5 25 2 20 3 15 1 5 4 20 2 20

85 240 42 155 47 143 50 155 45 161 43 149

Figure 4.10: Kesselring low speed in crammed spaces
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Figure 4.11: The strongest concept in Scenario 1 - The joystick with tactile but-
tons, placed on the joystick base.

4.3.2 User scenario 2 - Freedom for the developers

In this scenario, support for activation of future functions, as few design requirements
as possible, the addition of new functions should cost as little as possible, was deemed
as important requirements, and was therefore weighted heavily in figure 4.12. In the
matrix one can see how the strongest concept was as touchscreen placed on the

backside of the base.
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Concepts
\deal P tick bT;'JCh “"::r Touchscraen on | Tactile buttons |Tactile buttons in
ea enta joystic u m}:;:: e base back on base front Joystick handle

Criteria Waight T T ] T s T ] T ] T
The user should be able to differentiate the
activation buttons from each other visually 5 25 4 20 4 20 5 25 4 20 2 10
The user should be able to differentiate the
activation buttons from each other haptically 5 15 4 12 2 [] [1] [4] 4 12 4 12
The user should get feedback about the
activation/deactivation of a function visually 5 15 5 15 5 15 5 15 5 15 5 15
The user should get feedback about the
activation/deactivation of a function auditive 5 10 5 10 5 10 5 10 5 10 5 10
The user should get feedback about the
activation/deactivation of a function haptically 5 10 2 4 5 10 5 10 5 10 5 10
The movemeant of the beat as compred to the
movement of the joystick should be
communicated to the user 5 5 1] 0 0 [1] 1] a 0 0 [1] 1]
There should be a visual feedback on the
joystick about the direction of teh boat 5 5 0 0 0 1] 1] 4] 1] 0 1] 0
It should not be apparent for others than the
user that the joystick is activated 5 5 0 0 0 [1] [1] [4] 0 0 [1] 1]
There should be support for activation of future
functions 5 25 1 5 3 15 5 25 1 5 1 5
The buttons should be integrated into the
joystick design 5 26 5 25 5 25 5 25 5 25 5 25
The user should not mistakenly activate the
wrong function 5 25 4 20 2 10 4 20 4 20 2 10
It should be apparent what function a feedback
signals 5 5 0 0 0 [1] 0 1] 0 0 0 0
The user should leck down at the joystick as
faw fimes as possible during use 5 20 2 & 2 ] 2 i 2 8 4 16
The addition of new functions should cost as
little as possible 5 25 2 10 3 15 4 20 2 10 2 10
There should be as few design requirements as
possible with the product 5 25 2 10 4 20 5 25 2 10 2 10
The product sheuld have a high level of
robustness/low level of complexity 5 5 4 4 3 3 1 1 4 4 4 4

85 245 42 143 47 157 50 184 45 149 43 137

Figure 4.12: Kesselring Freedom for the developers
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Figure 4.13: The strongest concept in Scenario 2 - Touchscreen, placed on the
joystick base.

4.3.3 User scenario 3 - High speed driving, with a lot of
function activation/deactivation

In this scenario, The user should look down at the joystick as few times as possible
during use, was deemed as important requirements, and was therefore weighted
heavily in figure 4.14. Whilst, the user should be able to differential the activation
buttons from another visually, was weighted low. In the matrix one can see how the
strongest concept was tactile buttons placed on the backside of the joystick handle.
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Concepts

Touch sensor

Touchscreen on

Tactile buttons

Tactile buttons in

Ideal Penta joystick buttons on base base back on base front joystick handle
front

Criteria Weight T 5 T S 5 T S T 5 T
The user should be able to differentiate the
activation buttons from each other visually 5 10 4 8 4 2 5 10 4 8 2 4
The user should be able to differentiate the
activation buttons from each other haptically 5 25 4 20 3 10 o o 4 20 4 20
The user should get feedback about the
activation/deactivation of a function visually 5 15 5 15 5 15 5 15 5 15 5 15
The user should get feedback about the
activation/deactivation of a function auditive 5 10 5 10 5 10 5 10 5 10 5 10
The user should get feedback about the
activation/deactivation of a function haptically 5 10 P 4 5 10 5 10 5 10 5 10
The movement of the boat as compred to the
mavement of the joystick should be
lcommunicated to the user ] 1 0 0 0 0 0 0 0 0 0 Q
There should be a visual feedback on the
joystick about the direction of the boat 5 5 0 0 1] 1] 0 0 0 0 0 [1]
It should not be apparent for others than the
user that the joystick is activated 5 5 0 0 0 0 1] 1] 1] 0 0 0
There should be support for activation of future
functions 5 15 1 3 3 9 5 15 1 3 1 3
The buttons should be integrated into the
lioystick design 5 25 5 25 5 25 5 25 5 25 5 25
The user should not mistakenly activate the
wrong function 5 10 4 a8 2 4 4 ] 4 8 2 4
It should be apparent what function a feedback
|signals 5 5 0 0 1] 1] [1] [1] 0 0 0 1]
The user should look down at the  joystick as
few times as possible during use 5 25 2 10 2 10 2 10 2 10 4 20
The addition of new functions should cost as
little as possible 5 15 2 ] 3 b] 4 12 2 3] 2 ]
There should be as few design requirements as
possible with the product 5 10 2 4 4 il 5 10 2 4 2 4
The product should have a high level of
robusinessilow level of complexity 5 25 4 20 3 15 1 5 4 20 4 20

85 215 42 133 AT 133 50 130 45 139 43 141

Figure 4.14: Kesselring High speed driving, with a lot of function activation/de-

activation
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Figure 4.15: The strongest concept in Scenario 3 - Tactile push buttons, placed in
the joystick handle.

79



4. Results

80



O

Recommendations

A mentioned in 4.1, not only has user studies been carried out, but a test bench has
also been developed for further studies. Therefore, there are two main recommen-
dations, firstly, in regards to the user studies carried out, and secondly in regards
to the test bench that has been created.

5.1 Plan for further development regarding the
user studies

For further user studies, it is recommended to both perform quantitative studies
along with extensive qualitative studies.

5.1.1 Recommendation on quantitative studies

In order to verify the findings presented in the cases in 4.3, there needs to be further
quantitative studies where lots of users are involved in testing. It is therefore recom-
mended that quantitative studies be carried out to verify the findings. The results
from a study with only three participants should not lay basis for the development
of a new joystick. Further quantitative studies would verify or falsify that which can
be concluded from the results.

5.1.2 Recommendations on further qualitative studies

External factors as sounds and vibrations from a boat were not able to be replicated
in the studies, and therefore should be implemented in future qualitative tests, to
make sure that the findings presented in 4.3 still carries over to the actual real use
case.

5.2 Future development recommendations in re-
gards to the test bench

During the development phase, several different means of communicating feedback
was discussed. Some of these ideas could not be realized due to shortage of time
or lack of relevant knowledge. These different ideas will be presented below. As
presented in 4.1, the modularity of the test bench will enable a future developer to
test most of these concepts with relative ease.
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5.2.1 The phone app

One idea is to replace the entire set of keys in the front with a phone connected to the
joystick through lightning port or USB-C/3. The activation of functions as well as
sound and haptic feedback could be managed through the phone. An app consisting
of the desired function could be developed, that in turn communicates with the
joystick over its button interface, or directly on the CAN bus. Custom software and
hardware would have to developed to facilitate and execute the communication onto
the buss as well as communicating over the button interface.

Figure 5.1: Idea on how the phone app could look like

The user would then activate functions on the phone in stead of using physical but-
tons. Having a phone acting as keypad would introduce one more possible source of
failure in the system, and probably open up to possible vulnerabilities, especially if
the phone communicated over the bus. Serious security measurements would have
to be taken into consideration if taking this approach. One way could be to build
a custom chip that can sit between the phone and the button interface that both
translates the data and checks the contents of the data sent from the phone to make
sure no malicious instructions can be sent over the button interface.

In addition, it must be considered a touchscreen can error in the presence of water
and if the user is wearing gloves. In order to have a product that is easy to upgrade
and also reliable, it would be interesting to look into having a screen together with
a navigation device, see example in section 2.6.2.2, in this way you disconnect the
activation part from the screen since this is where the limitations are.

5.2.2 Active haptic feedback in joystick movement

In the user tests users expressed great liking of the led-ring design. The only draw-
back was that they had to look at the joystick in order to receive the feedback
about the direction of the boats velocity compared to their joystick direction. If
this functionality instead could be translated into active haptic resistance in the
joystick, users would get the necessary feedback without having to look at the joy-
stick. When the boat is moving in one direction but the user points the joystick
in the opposite direction a force could be applied on the joystick in the opposite
direction of the joysticks movement. We believe this would be of great interest
to investigate further. Since the Unity code already has checks implemented that
compares the boats velocity to the joystick direction, this functionality of active
haptic feedback could relatively easily be implemented and tested. The main thing
needed to be further developed in regards to the code would be the communication
from Unity to a potential joystick over the CAN-buss through the PCAN-adapter.

82



5. Recommendations

Though the PCAN-Api already has a function for writing on the buss, which sim-
plifies the implementation. A joystick base with haptic feedback that communicates
over a CAN-buss would be necessary in that case. Since all users expressed interest
in the LED-based feedback we strongly recommend that active haptic feedback is
further looked into, as it most likely is a even clearer and more useful implementa-
tion. In order to maintain quality and functionality with the implementation, ISO
9241-910:2011 Should be used as a basis as it covers the concept of force feedback
extensively.

5.2.3 Feedback of function status separated from the joy-
stick

In all cases users had to look at the joystick in order to determine what functions
are activated at a certain time. This distracts the users from what actually is
important, to be vigilant about the environment in which the boat is operated. If
one was to somehow change where the status of the buttons is presented so that
the users would not have to look at the joystick, users would be able to maneuver
the boat in a safer and more controlled manner. On way to do this is projecting
the status of each button onto the front window of the boat, or display it on the
glass cockpit. As can be seen in figure 2.6, the current design of the joystick also
implements visual feedback about function status in the button pad in the front.
Since all users commented on this, we recommend that this is further looked into.

5.2.4 Button placement in joystick handle

During the user studies several users expressed their liking in having buttons placed
in the joystick handle as long as the buttons controlled functions that needed to be
activated a lot. Especially if the functions were active while the button was pressed.
From the results, it can be concluded that users had a tendency to watch the joy-
stick a lot less when having buttons integrated in the handle. Two users expressed
the similarities of the joystick handle and a game controller. Neither one said they
look at the controller while playing but still they know what button to push. The
same was observed when using the joystick handle with buttons, as they tended to
look a lot less at the joystick itself, and more at the screen with the simulation.
We therefore recommend that buttons placement in the joystick handle should be
looked into if the user is to activate functions frequently, but that the placement
itself could be basis for a new study.

Also, all users pointed out that they would like to be able to activate functions using
their left hand, since you are now required to cross your arms to reach the buttons.
Because of this, it would be interesting to look at having the activation area placed
to their left or in front of them. Furthermore, it would be interesting to look at
selective placement of the activation area. Meaning the user could decide where to
place the activation components. This could be solved e.g. by having the activation
area attached to a pole, around which it could rotate.
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In addition, the possibility of having touch sensors placed in the joystick handle could
be investigated. One application where this could be beneficial is if the joystick is
to be activated when the user grips it. There is a handle with IR-sensors in it that
could be used for these studies.
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Discussion

What did we find out whilst carrying out this project? Did it go the way we planned?
Why? Why not? In this section this will be discussed.

The goal throughout the project was to carry out user studies in a scenario as close
to reality as possible, also a test bench was to be constructed. Both these objectives
have been met. The initial plan was to have a main focus on the user studies. Be-
cause of COVID-19, the main focus shifted to making a modular plug and play test
bench instead.

There are two main deliverables from this project, the test bench and the exploratory
user study along with a proposed methodology for further studies.

The result from the exploratory user studies are different depending on the user
scenario. This was deemed as a good way to go since the future use of the joystick
is uncertain at the time. The results from the user studies will need to lay base for
future confirmatory user studies.

The test bench is modular and deemed easy to use in future studies.

6.1 Discussion on user studies

The user studies are exploratory and will need to be be complemented by confirma-
tory and quantitative studies. In addition, it would be interesting to perform tests
on an actual boat. If the robustness of the CAN data from the test bench was to
be improved, this would be possible.

6.1.1 Discussion on user base

In total three tests were carried out using the test bench. This is greatly important
to keep in mind when reading and interpreting the recommendations and results.
Had not the social distancing principles been carried throughout the world during
the user-studies part of this project, the user base would probably have been a lot
bigger.

The users in the studies conducted in this project were all in the same age-span of
25-27 years. One had been driving a boat and two had not. Also, one user was
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allowed to drive around using the simulator for a while before the test, making the
user representing an experienced user of the joystick.

6.1.2 Discussion on user study environment

The user studies were carried out in a safe and non-stressful environment in an
apartment. This scenario varies greatly from the actual scenario where a user is
distracted by vibrations and loud sounds whilst having to navigate through crammed
spaces. This means that some results regarding both auditive and haptic feedback
may come into question as they were tested in an environment where the users were
not impacted by the external sounds and vibrations present in an actual boat.

6.1.3 Discussion on the tests of the Penta Joystick in the
user studies

The over all goal was to be able to let users test both the developed test bench and
the Penta joystick in the same test and on the same premises, to have a comparison
between the two. The communication of joystick position and activation of functions
on the joystick worked well, but the visual and auditive feedback on the Penta
joystick were not able to be activated. This may have impacted the user experience
of the Penta Joystick for the worse and thereby skewed the results somewhat. A
further study with these feedback activated would be necessary.

6.1.4 Discussion of possible symbiosis of solutions

In the user tests carried out, each activation component has been tested separately.
For example, buttons in the joystick handle was not tested in combination with a
touchscreen. The reason why this was not tested was the time limitation of the
project. It would be interesting to study symbiosis of activation types since they
would probably affect one another.

6.1.5 Discussion of the placement of the activation compo-
nents

The activation components were only tested at one position. The touch sensors were
tested in the front of the base, the touch screen was tested on the back and the tac-
tile buttons were tested on the base front and in the handle. It would be of interest
to try placing these components on other positions, the test bench is equipped for it.

In addition, placement of the activation components to the left of the centerpiece
was not tested. It was deemed that this placement would be in the way when the
user would sit down and that the user could possibly tear off the module. Despite
this, it would be interesting to see of this hypothesis is true. The test bench is ready
for these tests since there are side modules printed.
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6.1.6 Discussion on the use of kesselring matrices

Product development is no exact science in the sense that quantification of func-
tionalities and the level at which a concept achieves a function, has to be scored
by the developers who carry out the methods. This will and always do result in
biases being included. As is the case of a kesselring matrix, where both the weight-
ing of requirements and the actual score a concept receives is most often is based
on the understanding of the developers. This may result in some concepts receiv-
ing higher scores rather because the developers subconsciously, or consciously, gave
them higher scores than that they actually performed better.

6.1.7 Dynamics of actual boats

In order to actually implement any of the proposed concepts, it is important to
take the dynamics of a real boat into consideration. A real boat will have a certain
engine able to produce a certain magnitude of thrust, as well as a gear box able to
change the magnitude of the thrust over a set period of time. Both these principles
impact the ability of a user to control the movement of the vessel. The maximum
magnitude of the thrust will impact the maximum speed of the boat, whereas the
gearbox will decide how fast a user can change the amount of thrust and thereby
the speed of the boat. As every boat has a certain weight as well as geometry, it
may react faster or slower to the users commands. This in turn may impact the use
of haptic or visual feedback about the joystick position compared to the movement
of the boat.

6.2 Discussion on the test bench

As there is no implementation of two-way communication between either the Seee-
duino and Arduino to Unity, there is no way to sanity check the status of each
button. A more robust system would be able to within certain time intervals check
if the button-status in Unity is the same as on both the touch-screen and the LED’s
on the Seeeduino. As of right now, it is possible to activate a function on the touch-
screen without the correct LED turning on.

Since the Seeeduino has to manage all button inputs as well as the speaker, vibra-
tion motor and the LED ring, there are not enough inputs to manage it all at once.
Besides, the LED ring needs data from Unity whilst the buttons need to send data
to Unity, which is not possible to do all at once as of right now. For this project it
was reasonable to use Arduinos as they are easy to develop for, but for a future, and
even more robust test bench, one should consider a custom chip which could manage
all this at once. Especially in regards to any implementation of the LED ring, as it
could read joystick data directly from the CAN bus instead of receiving it from Unity.

A way to manage all the communications whilst keeping the frame rate high in the

simulator is to implement multi threading for the simulator. This would enable
Unity to update each frame whilst at the same time reading and writing to the
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components. This would mean a re-writing of the code for the simulation.

The usage of touch buttons on a product that is meant to be used in stressful situa-
tions, may be problematic, as the identification of where the touch button is situated
cannot be carried out without activating the function, if no other indication exist.

From early on it was decided that stickers were to be placed on each touch surface in
order to help the user identify where the button was situated. This severely crippled
the performance of the sensor which led to users having to press hard and several
times on the touch surface in order to activate it. It was mentioned several times by
users that this strongly impacted their score of the solution even though they liked
the concept.

After discussions with experts at the company we understood that there is a great
importance that the joystick does not activate by mistake when not in use. The idea
with having sensors in the joystick handle that measured if there was a hand on the
joystick grew from this reasoning, as the joystick would not be able to be activated
when not gripped. This turned out to be harder than expected to implement, and
users therefore had problems with activating the joystick over all.

6.2.1 Discussion on the simulator

The simulation itself was built over time whilst understanding of the Unity engine
and the C#-language was gradually achieved. This means that some of the ba-
sic logic of the simulator uses redundant functions and components that slow the
simulation down. As these part build up the basis, it is complex to change them
without re-writing parts of the simulation. The decision to develop the simulation
in 2D instead of 3D may also have impacted the user studies, as a "bird view" 2D
view is by no means as immersive as a "over the shoulder" 3D view. As the inter-
pretation of the data on the CAN bus in written with only the joystick in mind,
there is no possibility of including other components, as for example a boat speed
throttle, without re-writing this part. Whether this would be a big change or not is
as complex question, but it would most certainly take some time.

As presented in 6.0.1.3 there is no sanity check on the status of an function between
the simulation or the Seeeduino and the Arduino. This result in function status on
the touchscreen not being updated on the LED’s and vice verse. This functionality
could relatively easily be implemented by before drawing each frame in the simu-
lation, sending the status of each function to the Seeeduino and Arduino and then
check if it corresponds to the internal values of button status they have logged. If
this is not the case of any of the components, then change it. This was not imple-
mented because of two main reasons. Firstly, since we never test the symbiosis of
buttons, there is no point in making their status correspond to each other. Secondly,
sending this info before every frame, without it being executed on a different thread,
was ruled out as it most certainly would have slowed down the simulation severely.
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The implementation and execution of the functions which the boat carries out in
the simulation is based on the understanding received from communication with em-
ployees at CPAC. Misinterpretation of this information may have resulted in some
functions not working as they would on a real boat.

6.2.2 Discussion on the big focus on creating the test bench
and simulator

The reason why such a big focus was put on creating the test bench and the simulator
was because it was deemed of utter importance to have a product that could be
compared to the Penta joystick. In the beginning of the project, the importance
of this was discussed, and whether or not a third party joystick could be used
instead. Since the test bench is set to evaluate the user experience and not just the
functionality, it was deemed of utter importance to have the user experience being
as similar as possible to that of the Penta joystick.

6.2.3 Discussion on the choice of making the test bench
modular

Making a design modular requires a lot more work than just designing it as a whole.
As the objective of the test bench was to investigate different kinds of activation
methods and feedback, it was decided that a modular approach would be a good
idea as it opened the possibility to exchange components and mount new compo-
nents without having to do a re-design of the entire component. New modules with
new sensors or new feedback methods could also be connected to the test bench in
the future because of the modularity.

When developing a modular solution, there has to be lots of work put into DFA
and DFM, as every component needs an interface with another component. If this
is not done properly, many revisions may have to be created before everything fits.
By taking this into consideration early on, only one set of components had to be
printed that fit together and were able to be assembled right away. The downside
was that development of the test bench took up a big part of the process. On the
other hand, developing several revisions would probably have taken the same time
if not longer.

The choice of creating a modular test bench made the process more complex, but
since one of the main objectives of the project was to make a test bench that could
be used in future development processed, it was deemed to be the right decision.

6.2.4 Ethical considerations

When testing the current Penta joystick it was found out that not all users can grip
the joystick comfortably. In order for this not being a drawback with the developed

89



6. Discussion

handle of the joystick in the test bench, it was decided that most users should be
able to comfortably grip it.

It was decided to make the test bench reparable and up-gradable in order to not
having it being thrown away and resulting in landfill if something inside breaks. The
test bench can now instead be repaired and upgraded as see fit when necessary, and
wont have to be thrown away when it breaks.

6.3 Learning outcomes

During the course of the project a learning outcome that could be drawn was the
understanding and value of the importance of communication between developer
and customer. Sometimes the customer does not have a clear view of what they
want whilst the developers believe they develop what the customer desires. If con-
stant and clear communication is not carried out in this case, there is a great risk of
misunderstandings and development of an undesirable product. This gains neither
side and causes delays. If instead consistent communication between parties and
presentation of demos, there is a lot bigger chance of that which is being developed
is what the customer desires.

The importance of documenting both code and design of physical components has
also been critical throughout the project. There were lots of physical interfaces
between components as in figure 6.1, where the measurements of where the bolts
and nuts are supposed to be mounted needs to be the same on every module.

Figure 6.1: A slice of the interface between the centerpiece and a module.

The same is true regarding the code, as the code has been created over a long time
it was necessary to comment it throughout so not to forget how the script worked.

One can never be ready for a situation like the COVID-19 pandemic, instead one has
to find a way around when faced with it. The situation affected the project in the
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sense that not as many user studies could be carried out as desired. Furthermore,
there were no available guidance on how to read the CAN data, how to make a
simulator in unity or how to write C# scripts, because of this, many hours was put
on learning these skills.
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Conclusion

Benchmarking the current Penta joystick, understanding what constitutes intuity
in a joystick and developing a conceptual design for a new joystick were the main
goals of this project. A thorough benchmark of the current Penta joystick and its
functionalities was carried out in order to understand what constitutes intuity in re-
gards to different kind of feedback to the user. This knowledge was later applied in
order to develop a test bench, in which different kinds of feedback and buttons were
tested in order to determine what users prefer. An analysis of these findings was
also carried out depending on three scenarios in which the joystick could be used.
Further more, the test bench is meant to be used not only in this project but further
on into the future, and was therefore developed with modularity, repairability and
upgradeability in mind. This all covers the main questions presented in 1.5.

Further development should be carried out in the field of joystick design, and in
particular in regards to what feedback users receive. The visual feedback is the
main one on the current joystick, but as uncovered, if these are positioned on the
joystick, users may have to spend time looking at them while driving which is not
ideal. Other feedback as sound and haptic feedback enabled a user to receive this
feedback without having to spend too much time looking at the joystick. Further
more, the placement of buttons on the joystick play a big role in how the users
interact with a joystick.

From all this it can be concluded that further studies and development in the field

could be carried out in order to raise the user experience of the product, and with
the test bench as a tool, CPAC now has the perfect opportunity to do so.
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Transcripts from the user studies

Flur latt var det act avagna axt

Hur tinkte du kring méjligheten art hitta it Hur tinkte dukring mijligheten o Hur latt var det att avgéra om en funktion var \iad var it intryck Sverlag?
aktiveringsplats? aft akiivera rit funktion Kiiverades/Geaktiverades? aktiverad'deakriverad?

aktiveradesdeaktiverades? {rvriga kommentarer
Kommentarer Kommentarcr Kommentarer Kommentarcr Kommentarer Kommentarer

Touch, bas.

wisuell

visuell & haptisk
wisuell & auditiv

visuell, haptisk & auditiv
Knappar, bas

visuel]

visuell & haptisk

wisuell & auditiv

visuell, haptisk & auditiv
Touchskéirm, bas

wisuell

Knappar, handtag

visuell
wvisuel] & haptisk
wisuell & auditiv

wisuell, haptisk & auditiv

man har vant sig att kolla
lamparna lite mer nu, men det
ar ju Lite lurigt nar det inte 6r
nén slags drerkoppling liksom
férutom at det finns lampar.

10 alited, vibration, vilken
grei, det & onice!

Samma som nedan
latt art hitta vilken som var ritt, att klicka var dests samma man fattade art led skulle Tysa
svarare. Visste inte att det var touch. =4 det var Jan

enkelt, art hitta var man skulle klicka var Lika cnkelt som
forut, eller ni, en lite konstigare grej ér att knappamna inte
sitter | samma ordning som diodema sitter, man vill ju ha
a och d diruppe. man tanker att man ska kolla, man had
evelat haft g uppe till vinster, svart att hitta d3 man vant
sig vid den andra, men 6 tvp.

B-9 om forra var med ljud,
kinde art det var vibration
men det var lite svint att kiinna
det tycker jag, jag kinde des
inte utan bara antog ait det var
vibration s4 samma intryck
som pa den forstaibara visucll}

samma som nedan

alltsd 10, men om man kan
kolla pd verkligheten om man
ar ute pa havet s& kan det nog
‘blisa lite. och ljudgrejer pd en
it kanske ince fungerar, om
man inte ir inomhus 81

Alltsd guld, 10 av 10, bra att
dct lyser pd knappen

! ag testat den med all
feedback si var inte denna si
imponezands

Samma som ovan

Samma som ovan

| Applad! nir man vl bara ddrde sig vilken ordning de lig Doen 1ater ju s4 kanon.

i 83 var det jatteenkelr, det hir ir som en

playstationkontrall. man vill ju inte kolla pd kontrollen

ndr man spelar fifa liksom.

Figure B.1: Transcript from test user 1

att se art den & aktiverad dil ir det ju i stort seet liksom  Jag gillade den firra mer, om denvar 5-6 54
10 liksom, om lamporna ska vara vid lamporna hade  skulle jag sdga 4, det &r lite lurigt att amn inte
inte spleat 54 stor rall em jag bara vill kolla om den ir | fir ndn drerkoppling ait man misze kolla hela

aktiverad s dirfor vill jag &ndd siga typ 10, man kan  tiden.
kan ju inte ha ndt annat, man kan ju inte ha en siren
liksom.

nu néir man kiirde en ging till, att lamporna siter jag tinkse pd det ru mer nar man hade vant sig
‘haruppe ndr knapparna sitter hir och det finns plats att det var 2 olika stillen, no funkade knappama
unt knappama sé hade det varit bistre om det hadc lyst hétire, men jag tror att sd hir cficrsom att de

vid knapparna si man inte behiver fitta, man behdver a ligger hir precis under s ir det inte 54

koll dar(pd skarmen), dar (vart man ska trvcka) och dar ergonomiskt, man vill antingen gora si{anvanda
{pd dicdema), har man kar: mycket =4 vet man siklart, vinstorhanden) och dd blir det en konstiz réielse
men atr det ar tvd olika stillen det kanske inte fungerar eller =3 miste man slippa spaken 54 kanske had
toppen 54 kanske cn fa evarit bittre att ha dem pd sidan har om man vill
ha allti cn box. Det blir Iite konstig rrelsc at

‘behiva korsa armama i stort sett

samma wvet inte om jag gillar touch pi sdna grejer just.
Kanns som att det kan bli bléts, det kringlar ju

74 mabilen bara det

dct som ar lite lurigt, nu mistc man intc tinka pd
att trycka, det dr kringlgare med touch, men
‘Thade man vant sig vid den forra setupen innan,
placeringen av knappanra blir lite konstigt, hade
Fitt 9 om man hade placerat om knapparna, 10

ar att lampoma ir jamie knappama.

dte fungerar bra liksom, det ir en lampa som [yser, ingen stor skillad fran foma, det var coklare men
‘hade varit béttre art ha den vid knappen. inte 54 sor skillnad, den frra kanske skulle

varit en 7 istillet

fortfarande inte sd bra, det som saknades var att | Vad tankte du om positioneringen?-den
den satt pd hdger sida, hade hellre haft den pd
andra sidan man vill inte slippa spaken och ska | den harfill vinszer) kanske.

man anvanda vinsterhanden sd blir det en
obckvim rdrclse. om du ska jamfora en

touchskirm med fysiska knappar, vad tinker éu
dir?- jag gillade fysiska knappar mer, firutom

att skirmen hade bittre visuell feedback.

Fysiska knappar r mer tillfrlitliga, man vet atr
de allid funkar. Touchskirm funkar inte om den

®lir blit eller om man har handskar pi sig,

2g

illar inte touch dd jag inte litar pd art tekniken

kommer fungera.

man kan ju inte ha det pd spaken, dar &r det ju bra men Dot har var bist
kanske hade varit innu birtre ai ha det framfir sig s&
man inte behdvde kolla ner men det ar bra indd,

ITT

‘hér var birre iaf, sen hade man vela: hadt

kandes det som att du skulle kunna
iryoka in knappar av misstag? Ja det i
man vil live radd for dndd, den nedre
framfSrallt, man anvinder lingfingret fGc
att réra joysticken.
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Hur firdkte d kring resiligheten att
akfiveringsplats?

Hur tirkde du kring réiligheten att
aklivera rigt fsicsion

Hlur ver det 2t 2vgéen att en Sunklien
akliveradesdeakiverades?

Hur I8t var del st svgdon om oo
funkion var akiiverad ' deakliverad?

W war ditt intryck Sverlag!?

Cugign il

K,

T,

visul

visuell & haerisk
visuell & poditiv

wisuel, haptisk & madilis
Knappas, hes

viswell

viswell & heevisk
visuell & aoditiy

visuell, haptisk & mudiliv
Touchskim:, bas

il
Knappas, hemdtag
wimsll

winuel & hesisk
wisuell & zaditiv

viswell, hantisk & mudiliv

Sl inle ude, Finkde e ph ds, Brvicade sig

inte feedhock. "vildig: knmpliceat elhsd”, dels e

fhitnr alt jag i=ve gioet dal innansd jeg vt ju =ee,

jap nasncieres det med a2 sine rrig i e mansall

il et om it var olca st it T § viseln ol

ke b, man mite u £ sig e focs: 7 dor
i

ach ez wr kringligt al trycia nis det v tosch,
J;g tinke= ol jag has ju Egenen Eumis och & vill

nisten k3nna det pd wmomerik S ait slippz 2
b1| e £l skEsmen, lyp s blinkessen pd len,
=an vet 23t dem silter Jir, dan spakes isiElle For
en knzpp wvp, och man vet sin gas och broms, On:
! g jokbet vildigt ez, O fungerar inte och 3
fungerar men del & =gen surprise <4 3 S det var
swlirt 27t devivern dertouchknzpparna funkede
diligt)

e st ju inte pd semma plais lingre = mesd
sikelminne frin tidigane hlew Tite robbat, men
jag skl sige att den lig i =2, toochen
fungerads vl nch det kir fungerade ocksd vl
men jag Irar ait o jeg mad mit: musjelriose kvar
= hade jag inte heténs balls ke myseet p dom,
i hade det varit enklare,

Jattekra, imget megativi med det dver huvid liget
Vi wmackar 10,

samea

zian hamdbok, nar man focst satber sig

vid<ken kam det vara lite

frigeiecken,vad sorm ar ved, sen si fes

el nigr knapperyek ncs &l hesman
Tarl sig del. Jag vt inle ur ofls mas
akiiverar de elikz funkieoema, men
cen men akliverar dem vl sillen
i finker jag at: det dr 1 22 glimma
Exsct el o dl i den ivre el
=wrz, eller cvanpd fir den delen, a5
en hjilpes snarars i stiilper : de
Iigena

ekt mycket bitime, det iindes mycicet e
ande  fEr 25t des funkade Bt ttare alt
sryckal, stérsta ski‘naden|mmickis inte a5t de
war vibraton § den tidigereh fag linde iz att
cicej H ligger dir nsv, jag hehévde Endh lit pd
dan B alt se 22t dem i pd ech 2 jug vill
firsikra mig sfilv o alt det i it knogp jog
lickar pL Mirice =gen skillned ph feedhacken.
frin de o tidigare men det isiivaes bara ait g
1a bursmen 4 £ alt funklicnen skulle sictiveas,

Slergen, jag hes bam lsmpora sl gh piimidss
imte vihralicnen ), =iz har mas vant s, vz blie det
er som en inliind riivese, ol man irycker sdr,
=min Blick pir ner mo: knappen, klickar oc sean
i wiinter jag med blicken hiir pd s de=y
akliveras.

el var viildigt otyuligh, det ends var ju d hiir
Tiksnmilysdiodernal, jug vet fu inte vad de olika
Kcappema gor el dee var

ag kiir liksces, e joysticken i ju viildigt
intuity e df vill jag = 5o den informationen
i et 2ol sl

Ar = 3, jag Bk | Zade velat ha den informazion,
ju feediacken mendst 3r ju inte di fag kolarnar dr harfpd dicderal pd nigat s

¥
jag hode iz vl slippa Elicken
it vad som: ir freemiGe mi = jag

Fillct jug llar i jag sty bl =1

dclj:l[: dlrdst'kr[rpu i1 i et man

i
jaystickan, men kna‘[munamnkl.c
den,

den vas mycke: dydligare nu, jag kollads
fortfarende nes men jag fck mer feedback =ir
iag Iryckie in nintng, jeg fick knzppeespans,

Mirkis infs lindes
wildigt smarlik cnnan, ingen uppled skill=ad 5,
al it fartfarande tydlig mod sjiva knappamma
Jag tinkle inte pé Fudet, firsin nu i du sa e,
inte ir jog tryckle. Sikner du in = det % nir
kmappem trycks nereller bara att man kimsar 2t
an Irycks zar- U, det & nog bida allds, man
S ju plast liksom, jug snkte pé det =can o
den has ju elt +iesl [od den ger cftin sip.

VEldigt tydligt allis3, en kambination av a: dir
jag klzckar, dir f3r jag feedbaci. Dl jag hes
nine égen ph, des ger hide Seedheck nehdet ir
dves dir jog intermgeres med il produkten,
Gal skw'le ‘ag siiga i en vildigt stor anledning
ill alt dan var bra

Vildigt Ltt, klickljud, salk ar, mirce inte
~ibmalicnsdezdbasken.Ljude: var hundra procent,
ftumet 2t det var hide o= fysi xliceeapp
cch pipjud. det silfer vild:g: bra elisd nch soen
oerbination, vEdigl elegant |22,

Figure B.2: Transcript from test user 2

IV

Selt oriligt att missta sh linge man
inte ir Firghlind.

Den enda feedbacken man fck var
iodernz =l jag tror g titeede ner
dipnng gi=g fir 24 se om jeg
wverkligen hade aktivarss 2n funkiicn
eller inte. Men typ assisted var ju
~ildigt tydlig fir om man inle hr den
aktiverad s juinbe hiren =i den
mirker man ju iven om: man inte A
feedhack

Mirkis ingen siclingd fiis de Ledigars anghende foedbacien, si lisge den
akliverss bara jag ligger lumman pi  ait jag bara hebiver piira det &= ging
warare dn il jag hehéver irvcka fara ginger b kanske inte jag behiver
like myeket feedback. Jeg e myckel mer Erirosnde e atl knappame.
fungerade.

=tz pep des ju inle, mes det markds jag = inte firma pivggen heller salt, eller
jag tinkic inle pd del snamare, det & for farande som 1-digare, Sverlas = ir
el en b lisniig mhem kormmmunikesionss: av vifka Sunktinnes seom i
akliverade ach e akliverade kanske behdver fEchisras.

vcket hrz

jag hede velat haft knapparmn vid vinssechesden isliet, som an sepewt
eonsal. ade varit gét: 2 slippa giir al's med en himd. cbekviim révelse am
jag shur'le tmycka ph knappar ansed visserhimden, som att visla i e bil
ned wimslerhandzn, del gir mas ju inke, ken iz slippa Taiten S alt vixls.

Inen skillnad frin den tidigee, det ger vildigt mypeket att man sycker pd
an Fyrsisk knapp.

Angende positaneringen av touchskiren: e cindes lite mer xlink g,
srien fap pillade 2 jog eonde il hemden, rent ergonamiskt <1 i del Bittre
altha stéd dn et he hande= 1 lufien som med den bdigare. Den hir kivedes
deck inte lika stabilimer proteespens %20, O fag heséver amvinde
\Jnsu:r'undm 53 i det. biiltre att ha den framfe fr alt jag kan forlfammnds

oo jag 1l g blickar inte dem mad den andra armes, oo
mman har den dir fram s hlic des 2t mon st ha en handledsricelse bara
istElles foe en armrdrelse som man nog hellre har. Hur skulle du jimfao en
suchskiirm mal fysiska knappar? rentalt mycka pd <2 gillar ‘ag touch mer
firutset 244 den kan pe bide informalicnen pd don knspp jag Kickar pd,
anness ar det e alt fredra. vodare, e jag =ie har 5ofunklienen s ar det
Tattare fiir en utvecklere att barz t hart des kmappen pd en touz=skinm, det
ger hittre iniryck sam anviindes eom des inle r £=20m knapg. litare firen
wwiwecklame at: dndra mjubkvers in hirdvara. Litar dumest plait en
sonichskiirn ske fungem sler e Fosk knapp™ - Rrutselt alt ‘ag kan B
wisue'] Feedhack | senme siirm, d vet ‘ag ot skiirnen fungesar och 231
funktcoen akiiveras, pemsersos am jag harz 523 kneppar ues feedback.
wad skulle du tyek am Sl knappen stannar servckt!: Beirnesdet fir mig
ligger inte i alt knappen stannar inne eller att den gl ut igan wtan 25 jag
faktiskt trycker ner den, nch dd spelar des ingem 2ol am des ssannar
imtreckt o jag pd ndt sit: kan 11 infoemation o at: den e akdiverals mir
den piat il lheks. Hade hellre 2afl e dntryckt varie: frenfae en diod, mest
enligt meghiinsla, om den stemcar inne <) i den fesiskt aktiverad s tizker
i ot man kezs Bt pl det.

fag tycker inte knapparn

ar i vigen foc de var vEipt seok, soea de
i mar emgencrit

e = desgmen des knmmer <2 dem de sista vigen men a: ha dem
sibiir, det hjilper “ttemycket sycher jig.

Markie inte ait Jan
feadhack

blev chockad fver ol hao wosde
oo aysticken

xan du se ndgrz firdelar medait 2a
en touchytz: Som anvisdare s se
jag inga fandelar med des men de
pesitiva sekerna jag ser i sen
wiwerklzme, om du inte he d
funktecen el exempel st har du inte
en lom: knapp ulan det kan vera ni
annz: d3r eller 4, mem inle sam
anvisdars nj. ved tycker &= oon det
visuella imerycks 2 fir finare
mmen det kEzss som de har fina
silveshesticken man har pd jul, de i
fina 24t kolla pl men de gir inte 22t
siedra z det med, Det ser snvget ul
e “unklicnen lar sty

Mirkis ingen seilingd fis de v
g kanceplen, slipere

aklivera en fanltinn s Qi kinade hn
inte +ibmlicnera,

I ieved thes shil”
efierit,

“brast han direki:




B. Transcripts from the user studies

Hur tinkte du kring méjligheten att

hitea rit aktiveringsplats?

Hur tidnkte du kring
mdjligheten att
aktivera rar funktion

Hur var det att avgdra
att en funktion

aktiverades/deaktiverad
237

Hur var det att avgbra om

en funktion var Yad var ditt intryck overlag?

aktiverad/deaktiverad?

(vriga kommentarer

Kommentarsr

Kommentarer

Kommentarer

Kommentarer

Kommentarer

Kommentarer

Touch, bas

wisuell

visuell & haptisk

wisuell & auditiv

wisuell, haptisk & anditiv

EKnappar, bas

wisuell

visuell & haptisk

wisuell & auditiv

wisuell, haptisk & anditiv
Touchskirm, bas

wisuell

Knappar, handtag

wisuell
visuell & haptisk
wisuell & auditiv

wisuell, haptisk & aunditv

Inte rydligt vart sjalva knappen satt,
wisste inte hur hirt jag behdver

trvcka

Inte tydligt vart sjdlva knappen satt,
visste inte hur hirt jag behdver

trveka

Man miste kiinna sig fram vart
aktiveringsytan dr, och nar man
kiinner vart den &r aktiverar man

funktionen

Samma

Samma

Det var jitreld att hitta ritt

aktiveringsplats. Majligt att man av
misstag skulle kunna tro att man

kan trycka pd lederna for att
aktivera funktion

Gillar atr trycka pd bokstaven for att
aktivera funktion vilket man gor pa

skdrmen

Inte alls lika nice med ingen
feedback.Det ar lite

otillfredstdllande utan feedback

Jag lirde mig snabbt vart de satt di
jag behdvde hoppa mellan dem

mycket.

Inga problem

Inga problem

Inga problem

Samma

Samma

Man aktiverar inte fel
om man tinker efter

Liirt d4 man ser pd
knappen ifall den dr pa
eller av, man behdver
inte kolla pé led for att
avgora

Jag aktiverade fel
funktion ett par
génger, firestod efter

Ganska svarm, bara ledn
som gav feedback

Ganska svarm, bara ledn
som gav feedback

Finns utrymme for
misstolkning nir bide
vibration ach auditivi
samtidigt

Ganska svarm, bara ledn
som gav feedback

Samma

Samma

Liirt art avgdra genom
att kolla p lampan,
men enklast om man
har ljud och vibration
ocksd

Enkelt om man kellar
pd skirmen

Jag ville kolla pd
lampan hela tiden,
litatde inte pi bara det

att tag att lamporna var mekaniska klicket i

positionerade som
aktiveringsplatserna

Det var litr, kinde att
jag rikade aktivera
funkiioner av misstag.

knappen som feedback

Figure B.3: Transcript from test user 3

IMan kunde kella pd ledn
men d maste man kolla
pd dem hela tiden

Man kinnde art det

Sidmre knapp di den inte
aktiveras hela tiden dd man
wvill. Men bétre #n vanlig
kevpad

Kinns som artt vibrationen

vibrarade men vibrerade i sitter i handtaget inte i

handtaget istillet fiir i

touchplatian. Man ska ha

touchytan. Bara vibration vibration dir den ska vara

r inte nice

Biésta alternativet av
touchyta-varianten

¥ill ha vibration for
aktivering och ljud for
deaktivering

Gillade inte att bara ha
visuell feedback, strode
mig pd knapparna

Gillade inte att ha bara
vibration

Jag tycker inte att en
vibration passar vid
aktivering av funktioner.

dé jag forknippar det med

nipot negativi

Kollar pd leder for att
avgora detta

Man fick direkt feedback
frin touch-skarmen om
vad som
aktivers/deaktiveras

mer férvirrad for fick
ingen respons, simre
intryck dverlag. firvirrad
om det ens hint nanting.

Gillade at man fick
audiotiv feedback nar
funktionen aktiverades.
Kollade ner pd lederna
for atr dubbelkolla vilka
funktioner som var
aktiverade.

Beroende pi vilken situation

mean kor § kan det vara
Jjobbigt med auditiv

feedback, t.ex kir man en bt
i storm dar hytten inte &r helt

isclerad kan det bli svirt ate
hora

"Dret ska mycket till att gira

en bra knapp om man inte
har ljud/vibration!"

Typ et pasreglage hade
passat i handtaget, typ om

man skulle kunna fa lite mer

kraft nar man wrycker in en
knapp i handtaget

Kénns framtida‘/modernt att
ha touchskiarm. Binre med
touchskirm dn touchknapp.
Funktionalitetsmassigt kan
man lika gim ha en Knapp
som lyser

myycket simre

Bra men hade velat ha
wariation | feedbacken, att

den surrar nir den aktiveras,

men liter nir den
deakriveras. Att man skiljer
dessa it feedbacksmissigt.

Touchplatra kiinns inte s4
robust och bitigt, vanliga
knappar kanns mer btigt.
Kénns konstigt med touch
om det blir blétt typ

1. Forvirrande att
sensoremad i handtaget inte
anvindes i testet. 2. T.ex i
tv-spel betvder vibration
att ndgot negative intrdfiar,
typ ait man borjar sladda
eller dker in i ndgat.

Hade velat ha
touchskirmen skiljd frin
Jjoystcicken, 53 slipper man
anvinda sin vinsterhand
for att aktivera funktioner

Gillade art lederna ar
positionerade pa samma
vis som
aktiveringsplatserna pa
Jjowsticken.
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