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The aim of this report is the creation of the Graphic User Interface (GUI) of a Decision Support
System (DSS) intended to be used at Volvo Cars Skévde, Sweden. Instructions for assembly
have been presented on paper or in computer screens before, but the aim of Volvo is to provide
such information on a portable device. This report deals with the development of the DSS.
DSS'’s are supposed to help to increase the productivity in assembly and manufacturing lines of
a company, by supporting the decision-making of workers. In this report, research in interface
design and production aspects is conducted, most of it concerning to the information
presentation in Human Based Assembly (HBA). Aspects of interface design, such as layout,
color combinations, graphic interface elements design are researched. In addition, a pre-study
of the environment and the brand identity was conducted in order to strengthen the design with
a focus on the customer. The main phases of the project are the research, where the literature
study with previous work is investigated, the pre-study, with user, environment and brand
characteristics, the idea generation, with development of concepts of DSS, and the final
development, with the selected concept. To achieve the goals, researching and idea generation
was done, with creativity methods as requirement trees, and also concept selection methods
were conducted before the final concept was developed. The result is a simulation of the
developed concept, before the testing and implementing phase, with suggested screenshots of
how it might look like in the future and a sample animation with basic animations. Although the
outcome of this report is not ready to use it will, with further development, it will be ready to be
used in the future.
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DSS: Decision Support System

HBA: Human-Based Assembly

HCI: Human-Computer Interaction
HMI: Human-Machine Interaction
GUI: Graphic User Interface

CUT: Communication Use Technique
PDA: Personal Digital Assistant
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Running a production system optimally, according to its specifications, is often difficult. One
major reason for this is de difficulty for operators to decide and select the correct activity to
perform at a given moment. In some cases this depends on the size and complexity of the
production system, but this is also due to different and changing production goals. What might
be a good operator decision for a certain production situation could turn out to be a bad decision
under other production goals.

Within production systems, there are many activities and procedures that are coordinated, most
of them in huge assembly or production lines. In a complex manufacturing organization, there
are thousands of jobs and tasks that wait to be scheduled (Wu, 1999), so the necessity of
having a system to coordinate everything is essential. Because of this, there are many
researches to take everything under control in production systems. The mechanism used to
coordinate the production system under the production goals in called “Decision Support
System” or DSS. The starting point of the DSS can be supposed in the early 1970s. These
systems were defined as “interactive computer based system, which help decision makers
utilize data and models to solve unstructured problem” (Morton, Wu, 1999, p. 3-4). These kinds
of support systems are used to help workers and operators to make the best possible choices
during their work.

Before industry started using computers, instructions were given to the operators in form of
paper sheets but as the technology became more accessible, it is possible to integrate
technological decision support systems into the production lines.

When using decision support systems, there are many ways of doing it. There could be for
example communication using headsets and speakers, so every communication is carried by
voice. There are also stationary DSS, used as screens located in different monitors along the
factory. Another kind of support systems, are small or medium mobile devices, which the
operators can carry in different ways.

There are two principal fields when designing a DSS that has a display where the information is
presented. First, the device itself, it could be a standard monitor or TV display, which is
connected to the DSS or it could be a device designed especially for that task. Second, the
interface design of the Decision Support System. As Wu (1999, p. 25) says, “an interface is the
information channels that support and influence the content and structure of the exchange”.

The success of the DSS lies in the effectiveness of the Interface (Wu, 1990) and the usability of
the device itself. This report is oriented more on the design of the interface than the device. As
Stevens (1983) said, the user interface is more than a keyboard, screen, menus, messages,
command syntax and semantics. It is also the mental model that the user has of the system,
and it is the structure of the task to be performed by the operators. To approach the project as
best as possible, aspects like ergonomics and cognitive science, human perception to stimulus
and principles about Human-Machine Interface (HMI) and Human-Computer Interface (HCI) will
be researched.



The aim of this thesis is to find the key points in order to be able to build a Decision Support
System (DSS) likely to be used at production lines, starting the implementation at Volvo Cars,
located in Skévde, Sweden.

In order to succeed in the development of the interface of a new DSS, it is very important to
answer some questions that would help the authors of the thesis to do be effective and
successful. The research questions are focused on three main fields:

Analysis of the “know how” of interface design.
Analysis of correct methods focused on information presentation for production lines.
Analysis of the environment. User and factory analysis.

The aim of the thesis is to be able to obtain a user profile, and environmental characteristics.
Also, attention will be on how to present information. For this, important attention to Task Syntax
and Hierarchy is required.

The entire analysis of the thesis can be summed up in answering these 3 questions:

How the information flow in the DSS needs to be structured?
How the information is going to be communicated?
How is it going to be user friendly, and make the operator want to use it actively?

VOLVO cars Skovde is a large company divided into different shop floors, however, all of them
work in the same direction to meet some common goals. At this company, different parts of the
future market cars are manufactured and assembled. Therefore, there are many different tasks
to carry out, many chores must be done efficiently and good organization and communication
are needed.

The operators perform most of these basic jobs and tasks at the factory. However, despite the
fact that they normally now how to do their jobs, they sometimes do not know how to act and
which actions to prioritize in some specific situations. It is also important to take into account
that the tasks to perform may vary depending on the company goals, of which operators may
sometimes lack information. In addition, there are also some emergency situations (because of
breakdowns, accidents, errors, etc.) that may have to be solved; then the operators need to
know how to react or what to do first. And apart from that, they might need current status
information and information about new pieces and assembly process of it

There is thus a need for a decision support system for operators, a product through which
operators will have some real time support to develop their everyday work and face unusual
situations. The operators would interact with the DSS through an interface especially designed
for that purpose.

The designed interface should be the way to access information easily and comfortably. That is
why it is significant that the system users find it desirable and easy to use. On the other hand, it



is also important to understand the kinds of situations in which the interface would serve the
operators, in order to adapt it for that purpose. The workers will need support but not distraction.
Clarity will be an important feature, as well as good visibility and intuitiveness. It will also be
important to transmit to the users the important changes and make them aware of the critical
level of different situations. Besides that, how the information is presented is on the screen will
be essential for the future use of the device. Nevertheless, it should not be forgotten that
operators already know how to do their jobs, furthermore, if they do not feel the necessity of the
device or if they do not feel comfortable using it they will not do it.

By the same token, it is important to understand all the points above so that the final product
works for the purpose it was designed for and so that it does not hinder the operators at work.

The problem definition leads to define some goals. In order to design the interface there will be
some goals to achieve.

As mentioned before, the designed interface should be a tool to make operators work easier
and support them to develop their daily work, when they have a lack of information to develop it
a doubt, when they do not know the protocol to act properly under an unforeseen and for good
communication among all the workers.

Furthermore, the tool must be easy to use, desirable and as intuitive as possible for the future
users. Which means the interface must make become the process of using the device a desired
process.

In addition, the interface must have some limitations not to become a distraction a point, since it
is going to be used on a work environment. And directly related to that, the interface/software
must adapt to the environment where it will be used, taking into consideration light and
brightness and noise factors, as well as visual ergonomics.

Finally, a good way of presenting all the information in the screen will have to be chosen, not to
confuse the operators.

The design process is divided in three different phases, the analysis, the idea generation phase
and the concept development. Following a structured design project helps to improve the
effectiveness of the final results, and helps the process to be more objective. For the early
phases, wide investigation has to be carried, taking into account as many issues as possible.
When there is a global view of the background where the project is going to be developed, the
investigation has to be narrowed, to focus in matters that are important for the correct
development of the project.

The first important issue is to define the problem, with the problem statement. At the beginning
of a design project, the description that is given by the project owner is often wider than
recommended, and is the responsibility of the designer to narrow it until a manageable situation.
With the problem correctly defined and delimited, is easier for designers to perform their labor.
Once the delimitation of the project is done, the research begins, where a literature review is
conducted, using previous knowledge on the area of the project. In some cases, a self-study is



required, conducted by the developers of the project. In this case, although generic information
about interface design and information presentation can be found in academic sources, a self-
study of Volvo has to be done, to be aware of the specific characteristics of the final stakeholder
of the project.

Secondly, once the literature review and the self-study are finished, requirements and
specifications of the product have to be set. To do that, methods like the requirement tree
(Cross, 2000) and CUT (Communication-Use-Technology) methodology (Jean Paul Peché,
n.d.) will be used. With those requirements and specifications in mind, the idea generation
phase will be conducted, with conceptual sketches. The methodology followed to do the idea
generation process will be sketching, from very global ideas with free thinking sketching, which
means that the designers can sketch everything that they have in mind, without being criticized,
to more narrow concepts, where they have to make sense as an unique concept.

Thirdly, when some pre-concept will be done, concept selection will be made, to choose
objectively the better concept. The suggested method will be the PNI, where positive, negative
and interesting aspects of the different concepts are evaluated. In addition, experts will
eventually be consulted for their opinion before starting with the final development of the final
concept. To finish the project, a final concept will be presented, with screenshots and basic
animations showing their functionality.



To have a good base to start with the project, it is essential to have deep knowledge in interface
and factory information background. Different part will be analysed to gain knowledge.

People communication is mostly done by the use of language, both spoken and written. For
those who do not speak the same language still there is the chance of communicating by
gesture and movement based communication, a simple an ancient way of dealing, unrelated to
the languages. Many years ago the typewriter was used also, allowing people to write faster
with the machine than by hand, but never being this method as efficient as spoken language is.
For human-computer interaction and communication, the first steps were not so easy as the
interaction is today. Before first Graphical User Interfaces (GUI) were developed, human-
computer interaction was quite rigid, using keyboard typing on Command Language, Question
and Answer, Menu Selection, Function Key Selection and Form Fill-In based software (Galitz,
2007). To understand today's GUI and how did they became what today are, one must go back
in history.

In 1962, the scientist Douglas Engelbart invented the “X-Y Position Indicator”, a small box made
up of wood and mounted on wheels that was used for moving a cursor around the desktop. This
scientist invented what he called “a windowed GUI” (Tuck, 2001).

Also in 1963, Ivan Sutherland student from the Massachusetts Institute of Technology (MIT)
presented a program called “Sketchpad”; where lines, circles and points could be drawn on a
screen by using a light pen (Galitz, 2007).

In the early 70s, Alan Kay and some others presented a language called Smalltalk, which have
a GUI similar to later iterations of Apple and Microsoft. In the 1974, the first real GUI was
introduced in Xerox systems Altus and STAR, based on the mouse and pointing and selecting
human-computer communication method (Tuck, 2001). Xerox also patented “today’s mouse” in
1974. Anyway, Xerox did not achieved to market the STAR successfully (Galitz, 2007).

In January 1983 Apple released the first commercially successful product incorporating a
“friendly” GUI for users, and in 1984 it hit the market. Meanwhile, other GUI were developed
also during the 80s. In 1983 was released VisiOn for IBM, in 1985 Microsoft released Windows
1.0 and Commodore introduced the Amiga 100; and Tandy Computers released their first
version of a GUI in 1984 (Reimer, 2006).

During that period, the first UNIX GUI appeared. Some UNIX users thought it would be a good
idea to overlay a GUI on UNIX as Microsoft did on DOS, and thus X was born. There were
developed three different interfaces for X. X has become nowadays the underlying GUI for most
Linux graphical interfaces (Tuck, 2001).After that, Apple developed the Macintosh Il in 1987 and
Microsoft Windows was updated to version 2.0 in late 1987 too (Galitz, 2007). This version of
windows looked like Mac, with icons representing files and programs and windows. Microsoft
continued working with IBM after that, developing the whole graphical OS system (Tuck, 2001).
About 1988 NeXT released the NeXTStep, which was the first to simulate a three dimensional
screen. After, in 1989, quite a lot of GUIs based on UNIX (Tuck, 2001) were released. During
the 90s, the fight between Microsoft and Apple in becoming the main dominant on the PC
market started. By 1995 Windows was starting to become a more desirable choice for users.



During the following years both companies have been developing new products and upgrades
and have continue trying to become market leaders.
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There are different methods to present information in factories. The aim of having devices to
display information is to inform the operators working in the factory which is the current status of
their work, and, if possible, to inform them about which are the tasks that they are required to
perform. Although in some factories the final communication to the operator was carried by
paper, with printed instructions, there were also support devices where global information was
presented. In this chapter, different devices that are used to present information in factories are
discussed, focusing most on small screen devices, because the aim of this thesis is to develop
a portable DSS. The device on which the interface will be presented depends on a parallel
project, therefore, the details and analysis of information carriers are briefly described on the
following sections.
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Large screens are located in strategic locations inside the factory. In the factory visit that was
performed at VOLVO CARS, large screens were merely to inform about the goals of the day,
the timing of the different sectors and the available stock (represented in the quantity of engines
able to be manufactured before they last all the resources). In this kind of screens, as the
available surface to display information is higher, but it is also higher the distance where the
people is looking from. Because of that, these screens were used to display common
information, concerning to all the factory, not only for a specific area
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For individual workstations, there are usually computer screens, where information concerning
to each workstation is presented. In these screens assembly sequences are displayed, with a
description of quantity and type of parts involved, and the tools the operators are supposed to
use. Parts are often identified by a numeric code and if some data is missing or the sequence
seems not to be correct, they have the option to report feedback with different options, the
following being the most common ones (Liljesson & Haglund, 2007):

Instruction is not OK
Function is not OK
Missing part
Electrical error
Assembly error
Damage

Highlight error

Time error
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Because of advances in technology, small screen devices such as PDAs (Personal Digital
Assistants) and smartphones have become very popular. So it is logical to implement this kind
of portable devices in the production lines in order to help operators with their work. There is a
lot of research oriented to HMI and HCI but most of them are focused in traditional large
screens, so guidelines and statements on HMI and HCI have become out-dated when it is time
to design an interface for mobile devices.
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Although it is easy to carry these small devices from one place to another, and the fact that is is
easy to search for information with them, they still have the inconvenience of displaying large
amounts of information on such small screens. (Yoo et al. 2006 ). Comparing mobile devices to
traditional computers, there are some restrictions (Bjork et al. 2000):

Limited calculation ability
Limited screen size
Small memory volume
Low network bandwidth

Concerning to the working environment where the device is supposed to work, the only relevant
limitations are the screen size and the low network bandwidth. Issues about the screen size will
be discussed more deeply later, but concerning to the network bandwidth, it is common to have
low reception from Wi-Fi networks (Chittaro, 2006). When there is a bad internet connectivity in
a determined area, it is very difficult to have good a connection even in advanced smartphones,
so in big factories it could be an important issue if the signal is not powerful enough.

In addition to the limitations listed by Bjork et al. (2000), there are some characteristics of these
kinds of devices that differentiate them from traditional devices such as laptops and PCs.
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The most important issue when designing for small devices is the small screen. Actually there
are devices with high-resolution screens, up to 250 Pixel per Inch and a good colour range. The
high resolution screen can be an added value; in screens with such a high resolution, elements
are able to be displayed in very small sizes, and still be readable. Moreover, that leaves also
enough free space in the screen, not to overload it. In addition, the ratio of visualization of this
kind of devices is quite variable depending of the manufacturer of the screen. Compared with
the standard height/width ratio of large screens,(4:3, 16:9), the 16:9 format fits best, but it is not
exactly the same in all the devices.
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The connectivity of small devices is slower, so when there is interaction with applications that
are stored on remote databases, with big data flow, the application runs slower (Chittaro, 2006).
So the information flow should be optimized in order to be able to run on a standard quality
device, without dead-times or empty screen transitions.
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In Personal Computers, information input is mostly to be done using peripherals (keyboard,
mouse, microphone, camera etc...), but in PDAs and smartphones, almost every interaction
with the devices is carried out with a touchscreen. Most common input techniques in small
devices using the touchscreen are the handwriting recognition, pattern recognition on small
surfaces, one or two hands thumb-based input, point and tap using stylus (Chittaro, 2006).
However, there are alternatives to the input on the touchscreen, so devices like Blackberry®
PDAs includes a full physical QWERTY keyboard and almost every new smartphone have voice
recognition software, so information input can be done by voice.

Concerning to the navigation on different menus, interaction in touchscreen devices is done by
tapping icons, and scrolling along the display, although web browsers often use scrolling bars,
in small screens this is not recommended, because mobile devices cannot display whole
information in a readable type size, so it requires too much scrolling to show all the content
(Yoo et al. 2006). To avoid this continuous scrolling, the tap and drag method is used. To have
a good use of this last method, scrolling on the screen needs to be smooth, and depending on
the speed of the movement of the tapping in the screen, the display should go faster, and stop
always if the user taps a particular point in the screen.

Once characteristics of small screen devices have been explained, it is important to define witch
is the best way to present the information in a device that is going to be used as a DSS in
production lines. There are many fields that affect the success of the information presentation.
Cognitive aspects of the users define how the information should be presented in the Decision
Support System. These cognitive aspects include learning process during the use of the DSS,
the performance of the device and the reasoning that the user makes when using it (Moran,
1983). According to Thorvald (2011), when assembly instructions are presented, the best way
to present the information of assembly instructions is to use non-sequenced data, because it
minimizes the amount of presented information, thus reducing the information density in the
screen and potential errors and assembly time. Thorvald (2011) also settles that the use of
symbols and identifiers with semantic function also reduces errors and assembly time.

To design a successful GUI, it is important to take many affairs into account. A good
combination of all the elements, leads to obtaining helpful software for a concrete purpose,
which in this case is to provide support. The main objective of the organization of the different
elements is to present the information and interaction in the most intuitive way possible.
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Metaphors are figures that permit the transfer of knowledge from a familiar knowledge area, to
an unfamiliar or new. This makes it possible to use some previous knowledge to understand
new unknown situations (Helander & Prabhu, 1997). Using this process, one’s knowledge in the
target area is “enriched by borrowing existing representation from the source domain” (Helander
& Prabhu, 1997, p. 441). Applied to interface design, metaphors will be the figures with which
one can relate concepts, for “understanding and experiencing one kind of thing in terms of
another” (Lakoff & Johnson, 1980, p. 172). Furthermore, metaphors are used to make the
interface more clear visually and conceptually (Gallitz, 2007). For that reason, metaphors that



will help to develop and explain the interface, as well as make it easier for the future users to
understand it, will be developed.

A metaphor development methodology should be based on three approaches: operational,
structural and pragmatic ones. For that purpose, some steps must be followed: first, generating
the first metaphors from scratch, second, screening them through a test, third mapping the
metaphors to the task features and, finally, developing prototypes with the chosen metaphors.
(Yang & H. Han & Park, 2010). As in this particular case, the target user is not available as a
resource, the decisions have to be taken and assessment has to be made based on the
personal criteria. Therefore, the metaphors will be evaluated by the team.

It was decided then to carry out a brainstorming session to come out with the first metaphors.
Decision Support System was used as the starting point, and there were also factory concepts
included to enrich the idea generation. The result of the process can be seen in the following
list:

Modules - Pocket PC - PDA

Finder - Supervisor - Manual

Assembly - Part/ Pieces - Notepad

Production line - Tool - Help

Tools Box - Dictionary - Operator

Agenda / Diary - Smartphone - Archiver
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Correct visualization of the screen is essential in displays, even more if the screen is small
screen. Independent of the way the display layout is done, there are some factors that affect the
visibility of the screen, namely the visual aspects. Visual aspects can be divided into three
different concepts: the light, the visual acuity and the visual angle.

The light is represented by a wavelength that describes the color of the screen and depends on
the illuminance and the contrast. llluminance is the light that is falls on the screen and contrast
is the difference between the screen and the surrounding expressed as a ratio (Mauney and
Masterton, 2008). To be used in light environments, the screen should have enough illuminance
and contrast.

The visual acuity, it can be defined as “the smallest detail the eye is capable of resolving at a
particular distance” (Grether & Backer, 1972, in Mauney et al., 2008, p309) and it depends on
both the size of the target and the distance from the viewer. Depending on the relation between
size and distance, larger objects may appear smaller, if the viewing distance is large. That is
why the possibility of one object being detected is directly dependent on the analysed third term,
the visual angle.

The visual angle is the size that an object projects on the retina, expressed in minutes of arc.
Mauney et al. (2008) recommend a minimum visual angle of 1.2 minutes of arc for an object be
recognizable. To define character length in inches the following formulas is used (Grether and
Backer, 1972, in Mauney et al., 2008, p325):

D= Viewing distance



L= Character length

In addition, to define the font height in pt., the following formula is used:

The minimum viewing distance has been established as 12 to 16 inches (ANSI/ HFS 100-1988,
in Mauney et al., 2008)
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The layout of a GUI is very important to facilitate the user to the most intuitive navigation
between different menus. Irrespective of the function of the system, it should provide some
meanings to help the users to figure out what the system is capable to do, or how it works
(Galitz, 2007).

The interaction between menus is very important in the interface of a DSS, as it is a determining
factor in the time that the operator will need to reach the desired part of the application. As
Galitz (2007) lists, there are different aspects to take into account when designing menus:
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Menus can be from a very simple form to the most complex ones, depending on the presented
choice quantity. The structures of the menus can be single menus, sequential linear menus,
simultaneous menus, hierarchical menus, connected menus and event-trapping menus. For the
main part of the decision support system, the hierarchical menus are the choice that fit the
needs of the system best. This menu organization is suitable for small screen devices, because
the ability of this kind of devices to present information is limited, and it is not recommended to
display more than one menu at the same time. Therefore it is better to display simpler menus,
thus increasing the quantity of menus to reach desired options. The execution of hierarchical
menus starts at a top menu, where options leads to sub-options and categories leads to sub-
categories, so the choices increase as the user goes deep into the different menus. Those
menus are organized in different levels, so the decision of leading the user to go deeper or not
leads to the designer of the interface. Nevertheless, because of the different menu levels, it
might be confusing for non-experienced users, so they could need to back-up many times, or
even return to the main menu (Galitz, 2007). To solve this, the authors of this thesis suggest
using user profiles to avoid the excess of options in non-experienced users, putting access
levels, and so on, blocking menus that are not necessary for the task that the users are required
to perform.
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In user interfaces, menus have different functions and performances. Menus can be used
further in the navigation, to execute commands and actions, to seek information or even to input
information (Galitz, 2007). To facilitate the identification of a menu function, menu titles should
be announced with the proper words and conveying their content accurately. In addition, simple
action verbs should be used as description (Mauney and Masterton, 2008). The design of the
interface, should make easy to identify the function of the menu, so if the menu choice is not
correct, the time it takes for the user to realize that the selection was wrong and back up to the
previous level, takes the least possible time.
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Since the most important part of a menu is its function, the content has to strengthen its
functionality. Elements like the title, the context, the description of choices and instructions
determine the functions of the menus. As mentioned before, the title must clearly identify the
aim of the menu, using clear statements and reflecting the choice that was selected on the
previous menu (Galitz, 2007). The context works as a follow-up for users, keeping them
oriented, with even more relevance in hierarchical structured menus, where the quantity of
menus is wide. To facilitate that follow-up, constant feedback where they are in the process,
reminding them what their previous choices were and how deep they need to reach their
objective (Galitz, 2007). To finish with the content of menus, choice descriptions and
instructions give information about the following choices that are available. Although simple
descriptions are enough for experienced users, novices may need more concrete instructions.
This lead to the previous idea of the user profiles, and it is another positive argument of
implementing it into the DSS.
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Menu formatting guidelines can be useful to organize the elements that are displayed in
different menus. There are many different ways to apply format to them, and the choice mostly
depends on the objectives the menus. As there are many styles to format menus, the most
important issue is to be consistent with the format of the menus. Consistency is crucial in the
creation of mental models and facilitates for users to be able to follow these mental models in
as many cases as possible.
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The background is the last layer of the interface, and it is the basis where all the elements (the
title, the icons, the text entries, the information etc.) are displayed. Depending on the
environmental conditions, different background styles may be required. The background of an
interface is composed of shapes and colour combinations, and a good combination facilitates a
quick navigation in the menus. In addition to the shape of the background, the colour of it is
relevant for the success of the interface; the best way of combining colours in the background
will be discussed in section 2.2.6.

2 #

Unless icons are carefully designed to present a natural and meaningful association between
the icon and what it stands for, it has no use (Galitz, 2007).

The main aim of icons is to represent objects or functions of the software. Icons started to be
used to replace or strengthen existing text descriptions of functions (Jones, 2006). Graphical
screens, if they are used properly, can be a good communication tool and a user attention-
getting technique. Good icon development makes it easy to focus on the icons which is most
important at the moment and adds interest to the screen and also supports the computer
interaction (Galitz, 2007). The most important thing when icons are developed is to create
something that has some relation with the meaning of the word However, the meaning of things
changes over the time and between societies. A good example of this change is the symbolism
that the floppy disc had several year ago. The 3.5 inches floppy disk was a storage unit that
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started to be used in 1981. It was manufactured by Sony and stayed on the market until PC
manufacturers like Apple and Dell stopped including floppy disc readers in their PCs, at the start
of the 21st century (Fletcher, 2007). Middle-aged software users still relate the floppy disc as a
symbol of saving their work in most of the applications in PCs but, in the following decades,
generations that never used a floppy disc will be the main consumers of this kind of products, so
the icon has to change to keep its meaning alive.

Figure 1 Comparison between the floppy disk and the representation of it for save commands
(http://en.wikipedia.org/wiki/File:Dysan_floppy disk 01.jpg)
(http://www.iconfinder.com/icondetails/46830/128/save_icon?r=1)

As for the use of icons on the screen, they are used to symbolize object actions and ideas they
denote (Galitz, 2007). Rogers (1989) has categorized different kinds of icons:

Resemblance: Images that look like what they mean.

Symbolic: Abstract images that represent something.

Exemplar: Images illustrating examples or characteristics of something.

Arbitrary: completely arbitrary images, whose meaning has to be learned

- Analogy: Images physically or semantically associated with something.

However, the icons that are most likely to be used in GUI design are the analogic and
resemblance icons. Galitz (2007) has listed some factors that may influence the usability of
icons.

Familiarity: Choose icons that seem familiar to most users. It reduces learning time and makes
the interface more intuitive.

Clarity: Adapt the shape, structure and formation technique to the screen, so it becomes legible
at the supposed working distance. However, the colour should contrast with the background,
assuring that it is clearly visible. Lack of clarity will lead to slower performance due to
identification errors.

Simplicity: Simplify icons to render a clean shape and avoid useless embellishment. Moreover,
if the icons are complex, they could confuse the users because they are difficult to remember
correctly.

Consistency: Follow the same style for most of the icons. Make the interface coherent.
However, each icon have to be easily differentiable from others.

Directness: Represent the linked action of the icon, as direct as possible. Direct links are more
easily established and are recognized by most users.

Efficiency: Use icons when it is necessary. Sometimes it is better to represent the action of the
function using words.



Galitz (2007) also states that special attention should be put on the context, the expectations
and the complexity of tasks.

Context: Make sure that the meaning of the icon matches the context where it is being used,
not only in the designer’s mind, but also in the user’s mind.

Expectancies: Sometimes, the expectation of the user about the ability of the system may
differ from the reality, and lead to an incorrect comprehension of the meaning intended by the
designer.

Complexity of task : The more abstract the function is, the more difficult it is to represent the
action with an icon. Sometimes an icon is not capable to extract all the meaning of the action,
and needs to be supported by text to be comprehended.

Apart from the meaning and abstract concerns about the icon design, there are also technical
issues that have to be taken into account when designing icons. Fowler and Stanwick (1995)
have suggested some guidelines about the sizing of icons which is going to be useful when it is
time to design specific icons.

Size: There are three standard sizes in icon design: 16, 32 and 48 pixel square; it is not
recommended to use icons whose size is below 16x16 pixels

Colour: Ensure that the colour of the icons is compatible with the system colour palette. They
should be provided in the standard 16-color format.

Icon selection: There are minimum sizes recommended for the selection of icons. While using
stylus pen 15x15 pixels is enough, for one’s finger, 40 pixels square are recommended.
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First small screens had black and white as the only available choice, but now, 18-bit screens
with more than 200.000 available colours are found in common mobile phones, and not only in
smartphones. Now there are also 32-bit screens with true colour, so they have the same colour
capabilities as large screens have (Zwick, 2005).

In addition to rendering a better-looking interface, colour is also used for coding purposes.
Different colours can represent a code for different actions (Zwick, 2005). In this section,
concerns about the use of colour and the connotations of the different uses will be discussed.

Colour is used as a formatting resource. It can be used to group similar items, but also to
separate different items. Moreover, some colour combinations can highlight or call the attention
to important information. Using colour as an attention-getter is a very flexible technique due to
the large number of possible colour combinations. Galitz (2007) mentioned that colour could
identify information from different sources. In the case of the DSS interface, colour
differentiation can be established according to the type of operator that has input that
information, or even what kind of information it is. For example, categories may be established
as operational information (assembly and task instructions), maintenance information
(breakdowns, reparations, cleaning issues etc.) and scheduling information (production goals,
task assignments etc.).
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The most important matter of the colour choice is that it is relevant and known by the target
user. According to Galitz (2007, p. 696), “relevance is achieved when the colour enables a
person to attend to only the information that is needed, and easily exclude that which is not
needed”
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All colours are not equally perceptible to users” eyes. Colours are distributed in the visual
spectrum and the eye is more sensitive to colours that are in the middle of the spectrum, such
yellow and green tones, so they appear lighter than colours that are on the extremes of the
spectrum, such as blue and red tones. This means that a text composed of colours at the
extremes are usually more difficult to read (Galitz, 2007). Moreover, some colour combinations
may lead to eye fatigue, due to the necessity of the eye to focus most of the time to adequate
the view for different spectrum colours. Furthermore, the most common inability to differentiate
colour is to distinguish between red and green tones (Mauney et al., 2008), so main
combinations of these colours should be avoided.

Further perception matters are in the psychological perception of colour. Colours have different
meanings in different cultures and contexts, so is essential to choose the best combinations
possible, to facilitate the user to link the colour with the desired action.
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To choose the colour combination, factors such as the human visual system, the problems that
the wrong colour choice might cause, the environment and the task characteristics have to be
taken into account in time to choose the best combination possible. First of all, colour should be
used as an aid to understand the interface; Galitz (2007) suggest that the best way is to start
designing in monochrome, using correct formatting, font styles and consistent highlighting. Then
a good colour combination will make the system more understandable. Furthermore, the
authors recommend using customizable colour combinations. The aim will be to design different
suitable colour combinations, and then let the users decide which combination they preferred.

The human mind has a limited ability to memorize and recognize a vast number of colours, so it
is not recommended to use many different colours at the same time, just the ones that are
necessary to distinguish easily between all the information (Galitz, 2007).
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The selection of a suitable font for a portable display is essential considering that is the graphic
support where most of the useful information will be given. Choosing the most suitable font for
screen environment increases readability, in particular for small screens. To obtain the best
legibility possible, there are some recommendations (Mauney et al., 2008).

The recommended minimum viewing distance is 12 inches, which in the metric systems,
corresponds to 300 mm. This distance is important, because at a smaller distance, the ability of
the eye to focus is diminished, so might turn to be difficult to read and the eyes of the operators
may be fatigued.

As for the dimensions of the characters, they are related to the visual angle. The first dimension
of the character is defined by the height, and the other features are dependent on it. For the
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character height, Mauney et al. (2008) recommends to have a minimum visual angle of 22
minutes of arc for single-collared fonts, and 30 mins of arc for the discrimination of colour (to
see the theory related to the visual aspects go back to section 2.2.2). The other characteristics
that are defined with the character height as a reference are shown in table 1.

Table 1 Font dimensioning for screen devices

Dimension Value

Character width 0,6-0,9 of the character height

Stroke width 1/6-1/12 of the character height

Separation between characters Min: stroke width, 25-60% of the width

Spaces between lines Min: 1 pixels, 15% of the maximum
character height

In addition to the general dimensions, Mauney et al. (2008) states that is preferable to use sans-
serif fonts, and preferably use pixel based fonts, which are created to be displayed in screens. If
existing font are going to be used, the minimum display on the screen must be of 9pixels height
and 7pixels width.

5

In this chapter, theory of interface design was reviewed. As the design consists of a small
screen interface, special attention is put on specific guidelines and know-how of designing for
small screen devices. Nevertheless, there are some theory parts that are generic and that can
be applied in different kind of screens. The starting point of this literature review is to know
which kind of interfaces and displays are used in factories, where sort description of the
different types can be found in section 2.1. Once the research is narrowed to the specific
characteristics of small screen devices, the research becomes wider. Aspects like the elements
presents in interfaces (Section 2.2) are discussed. In the mentioned section, sub sections of
metaphors, visual aspects, layout, background, icons, color selection theory and font selection
are developed. This chapter helps to comprehend the amount of elements and issues that have
to be taken into account when designing interfaces and will help later the designers of the
interface of DSS to have a better result. As this thesis is heavily constrained because of limited
development time, it is not ensured that all the issues described in the chapter will be reflected
in the final result. Nevertheless, for final development of an implementable version of the
interface, designers should come back to this chapter for further guidance. The information here
will be used to make selection of color choices, the layout distribution, and the structuring of
menus, and specific data, such as the determination of icon size and the typography size will be
used if there is time left before the deadline of the project. If time constrains affect the use of
this data, it is suggested to be used in further development.
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Operators from production lines, both manufacturing and assembly, need briefing for their
everyday tasks. Today, because of the possibility of customization of the final product, there are
a lot of variables that affect the instructions that operators might need to follow during their
working shift. In a society where the competence between manufacturers is increasing every
day it is very important to be successful orienting workers to take the best possible of them.

Inside of the design of a Decision Support System (DSS), the way that the information the
interface contains is presented, is essential to become successful. When any computerized
device is used as support, its interface has a strong affection in work quality and performance
(Nielsen, 1993).

5

When workers and operators are in their working shift, they need to maintain a minimum level of
attention. Depending on which task needs to be performed, a particular type of attention is
required. Also, attention is a determinant factor of performance in factories and production lines.
Operators who are attentive in their work shift are less susceptible to commit errors, while non-
attentive workers may commit errors because of their lack of attention. Those mistakes may
impact both in production time or quality. Decision Support Systems are thought to be used to
help operators decide which action is the best for the future of the production, but also can
encourage operators to stay more attentive during their shifts (Thorvald, 2011).

Human cognition, which is highly involved in the ability of performing tasks in assembly and
manufacturing lines, is limited by a combination of memory, response time and attention
(Thorvald, 2011), so it is essential to maintain desired attention, as long as possible. Looking
toward how operators face the assembly and production tasks, there are two kinds of attention,
depending on the response that operators present to the stimulus. A differentiation between
active and passive attention is done. Active attention is active and voluntary, while passive
attention is reflex, non-voluntary and effortless (Thorvald, 2011). Humans spent most of their life
in passive attention mode, until some stimulus or trigger forces them to react. The reaction is
the cause of changing from passive attention to active attention. Looking to the specific
environment of production lines, as nowadays the process is highly automatized, operators are
often in passive attention, and when there is some unforeseen, alarm or task that is not
common in their work responsibilities they works as stimulus to convert the attention of the
workers from passive to active. Those triggers can be found in different shapes, from a warning
light, to a concrete message on a screen or paper. When operators have a lack of attention,
when it is actively required, they are misled to commit mistakes. As Wickens and Hollands
(2000), in Thorvald (2011) listed, there are different sort of mistakes. Those mistakes can be
briefly described in the following list:
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Mistakes

Slips
o Capture errors
o Description errors
o Data-driven errors
0 Associative activation errors

o0 Loss-of-activation errors
Lapses
Mode errors

Although avoiding errors depends mostly on operators, the implementation of a DSS should
work also to prevent error committing using different triggers to alert operator about the current
status of their tasks.

According to the Cambridge dictionary, a trigger is a part of a gun, which causes the gun to fire
when pressed (Cambridge Online Dictionary, 2012). In production lines, the meaning changes
to the stimulus that suggests an action to be done. Triggers can be used to catch operator’s
attention to prevent mistakes and errors, when something has to be done (Thorvald, 2011).
There are different kinds of triggers, depending on the relation between the stimulus and the
response. Mainly, these triggers can be divided into explicit and implicit. In one hand explicit
triggers will be clear enough, so any person related to the assembly work can directly identify
the action called to be performed, based on the mentioned trigger. On the other hand, implicit
triggers will require operators to make a cognitive process to clear understanding of the trigger.
With these last triggers, first times that are presented, there may be confusion, but when it will
be memorized, the link between the trigger and the action will be immediate (Thorvald, 2011).

The structure of information is the way of ordering the presented information to obtain the better
understanding of what is shown. The structuring of information involves from the layout of
information (how is aligned, where is located etc.) and the syntax that is used to obtain the
better understanding possible. To build the DSS, both navigation syntax and assembly syntax
will be analysed.
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The navigation syntax involves all the written information that is presented in menu navigation,
alert messages, status report and any other written source out of the assembly sequences itself.

There are many factors that determine the readability and understandability of commands.
Matters like the word length, word commonality, sentence length and number determine the
understandability of texts. In addition to the factors mentioned now, the effectiveness of the text
depends also on the reading ability of the target user (Galitz, 2007).

First, concerning to the structuring of information, it is important to have short and familiar
words, constructed with standard alphabetic characters. Although large words seem to be more
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formal in written language, is better to have them shortened, to ease the understandability.
Nevertheless, when the selection is between long and familiar and unusual and short, the first
criterion prevails. Also, it is important to use positive and consistent terms whenever possible
because positive terms are best perceived by users (Galitz, 2007). When some words are linked
together, sentences are done. Ideal sentences to facilitate comprehension are about 20 words
per sentence, and six sentences by paragraph (Galitz, 2007). Final guidelines to increase
readability are to respect the temporal line and use the proper tone to inform. The temporal
sequence helps the operator to remind best the sequence order, and the proper tone avoids
treating the user as non-experienced and threatening him.

Apart from the forming of sentences and clauses, information is structured in different kinds of
messages. For a DSS, the most important messages are the status messages, the
informational messages, the warning messages and the critical messages. First, in the status
messages, there should be included a progress indicator, resembling to a bar, a percentage or
a circle. Also, the kind of operation being performed should be described (Galitz, 2007). In
second place, for the informational and warning messages, they are usually represented by an
“i” icon in the left of the information message, while in warning messages an “!” icon is used. In
warning messages is very important to ask for confirmation, to avoid unintended confirmations
(Galitz, 2007). Last, the critical messages are those when the system needs an action of the
operator to be able to continue working. In this kind of messages, the system is blocked in the
message until the operator confirms the request.

To sum up with this topic, for all this messages, there are some guidelines that should be
followed, being centred in providing solutions for the described problems. To do this, the
problem must be stated, if possible, without using too much technical jargon and without using
more than 3 lines. Also, is important to provide the least possible background to the user,
facilitating in this way the decision-making. Finally, if there is a clear option, offer it in the same
message.
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The syntax of assembly and work instructions is very important to be successful both in
production time and effectiveness. In human based assembly, there are 4 parts presented in
assembly sequences, the part or sequence identifier, which is usually identified by an article
number, the description of the mentioned part and the quantity of parts that needs to be
mounted. Sometimes, when the assembly sequence is especially complicated or has tricky or
hazardous assemblies, an additional fourth row is included with comments written on them
(Thorvald, 2011). In the comment section, there is conveyed a spread variety of information, as
additional screws and fasteners, dangerous sequences and warning messages about specially
complicated assembly sequences. These comments should be only when it is strictly
necessary, because operators already know what is their job, and they only look at it at certain
times (Liljesson et al., 2007).

The way of identifying the part with an article number has been unique in factories, but the use
of symbols and names with semantic content is being discussed, as discussed in “Presenting
Information in Manual Assembly”, by Thorvald. He measured that numerical identifiers had
significantly worse performance, and although he does not dismiss the actual identifying
method, he says that is preferred to use identifiers with semantic content. Although the study
proved that actual way of naming the pieces perform worse, the actual criteria of VOLVO CARS
to mark parts will be followed.
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As said in the previous topic, in assembly and work instructions, there are some parts involved
and those are identified in the instructions in the mentioned columns. The process of settling the
working station can be done at the beginning of the working shift. This way, using the DSS as a
support, operators can identify their workstation. Once the workstation is defined, the
information should be given to the DSS, so in the system is shown that some workstations are
already covered.

Once the workstation is assigned, the tasks must be defined, the involved parts, the machine
that is going to be used, the stock material and the safety guidelines. Also, global conditions like
the current status, the messaging and alarms should be displayed when they are needed.

5

In this chapter, theory about information presentation and user attention was reviewed. The
review consisted firs in the analysis of the cognitive aspects of the information (see section 3.1).
In that first part, especial emphasis is put in the attention aspects of the user, and how to
motivate the attention with stimuli, which are called triggers and affordances in this specific area
(Thorvald, 2011). In section 3.3 aspects of how to present the information were reviewed. As
not only the assembly instructions but also the menu navigation has to be defined, the section is
divided into two different sub-sections, the information structure concerning to the navigation
syntax, and the information structure concerning to the assembly instructions. The theory of this
chapter will be used in the development of the final work to define better the menu naming and
information presentation, in the parts where there is enough knowledge to apply specific
information, and not only automatically generated text.

)8



Based on the research done in chapter 3, the current situation for real application of the final
product has been studied, to understand, on the one hand, how to meet different requirements
for the final users, and to find, on the other hand, aesthetic inspiration based on the focus users
and their natural environment. Therefore, firstly a small study of the focus user has been done,
and secondly a study of the factory environments, the market of small devices interfaces and
the graphic universe of VOLVO. This analysis has been indicated on four mood boards, each
related to the categories mentioned above. The main objective of this part of the project has
been to help the team to be more accurate after, defining the requirements the final product will
have.
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Before designing a GUI (Graphic User Interface), it is important to know and understand the
future user of the software, who is the most important part of the system (Galitz, 2007). The GUI
is defined as the graphical user interface, and includes all the graphic elements that compose
the interface that interact with the user. Sometimes it will be referred as “GUI”, or simply as
“interface” The designed interface will need to attend to users’ needs and be a tool to help
them develop their work rather than obstruct it even more. For that reason, an overall analysis
of the VOLVO workers has been done, to understand the kind of users the interface will be
designed for and define a potential user. Far from going too deeply into a particular type of user,
we have tried to take a global view of a range of users among workers from VOLVO to try to
meet common needs and requirements from all of them, because the future interface must fit all
of them, not only some individuals.

The user will thus be defined as VOLVO factory workers (men and women) from Sweden aged
twenty to sixty-five, though most of them will be in the ages between twenty and forty. All of
them will work at VOLVO CARS in Skoévde, at the assembly or manufacturing line. It follows
therefore that all users will have knowledge of Swedish and/or English. Although VOLVO is a
multinational company, it might be interesting to give the users the chance of choosing between
English and Swedish as their desired language.

Younger workers are defined as youths with previous studies at high school; some of the older
ones, on the other hand, would probably not have a high-school background. There will also be
some workers with an academic degree and all of the workers receive in-company courses for
training. In short, they all have a basic knowledge of how the factory works, and are able to read
and write and understand basic issues related to their work.

During their shifts, the workers wear appropriate clothing for work. The clothing normally
consists of a work suit and a pair of safety gloves. In some cases they can also wear goggles
for eye protection and headphones to receive instructions or to be protected from excessive
noise; they also sometimes wear helmets. The clothing is specially designed to be comfortable,
to protect them and to prevent soiling. Sometimes, the gloves can make it more difficult to
handle small objects, i.e. the accuracy may be decreased. The headphones could isolate them
too much from external sound stimuli and the glasses may hinder some of the sight.

As long as everything is going well in the factory, operators work under a good lighting system,



and without air pollution and smoke and gases. However, there is noise from the machines and
vehicles inside the factory. This means they can normally see and breathe easily.
In figure 2 a small graphic description of the user can be seen (Further detail in Appendix 1):

USER ANALYSIS

e Men and women mostly
from 20 to 40 years old

= Workers at VOLVO CARS
in Skévde at the assembly
or manufacturing line

e They work under normal
conditions of light, noise
and visibility

o While they work they can
wear a working suit, helmet
goggless, headphones and

agloves and among others

Figure 2 Graphic of the user analysis
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VOLVO factory operators work in different areas and therefore in different workstations of the
same factory, but with a common environment around them which is constantly repeated. The
general aesthetics of the operators have been also studied. Due to the difficulties of getting into
the factories and analysing deeply the factories inside, it is been tried to make and overall study
of the environments with images based on mood boards.

This way, an attempt has been made to carry out to synthesize both aesthetics of the workers
and environments of the factory and try to find interesting features for the interface. Looking at
the inside decoration of the factory and the workers themselves may also be useful to design an
interface that is suitable in these environments and for the specific users.

In addition, by looking at the pictures of the interior of the factories, the conditions under which
the operators do their work, in particular lighting and space have been analysed. The visibility
conditions and the shape and colours of their surroundings, how is the space organized around
operator and also which colours are mainly repeated in the decoration or the products around.

The mood boards will be also a way of reflecting on the analysis visually and to look for
inspiration. Figure 3 shows be seen the result of the mood boards (Further detail in Appendix 2):



-
TN @

Volvo operator as an identity symbol
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Different tasks and work environments TeamWork and good communication

Figure 3 Moodboard of the user and the environment

The images in figure 3 show that the interior of the factories are quite similar to each other,
despite the workstation it is. There are both open and overloaded areas; however, all of them
are light spaces with good artificial lighting. The walls and floors are mostly painted in different
grey shades, and there are painted stripes all around the floors for safety reasons. The
presence of machinery and tools is very noticeable and there is almost nothing hanging on the
walls.

The mood boards also show how to do different workers of the factory look like. There are all
kinds of people working at VOLVO, with a wide range of ages, and both men and women. A
more discreet aesthetic can be seen in people with higher responsibility jobs in the factory, and
a more varied aesthetic in low range operators. Most of them wear short hair and some of them
have tattoos in visible body parts. They all wear the required work clothes with very similar
colours, mostly blue.
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A small market research has been done to look for different mobile devices interfaces and to
understand how icons, information, menus, colours, layouts and different options are presented
in different interfaces and how they look like. The research has done with various interfaces of
different cell phones, portable video-games consoles and other small devices. It is been
interesting to know what has already been done, what should be improved and what
weaknesses and shortages there are in current products.

Figure 4 shows that even if the different interfaces look varied they all share common features
and similar organizations. The importance of icon-based menus is very noticeable, as these
icons are found in all of the interfaces and different menus. Certain combination of colours are
more common, layouts and other elements of the screens it is also quite common in the studied
interfaces, most of the used colours are dark and elegant (grey, blue, black), with very few
bright colours. They all leave a big space for the main menus and actions in the centre of the
screen. And the small notifications such as the date and hour and the signal are positioned in



some of the corners of the screen in a very small size. The different shapes of windows and
icons are softened and the use of gradients and transparencies makes it easier to navigate
through different options. Button and keyboards appear when necessary and, if not, they remain
hidden, and they are highlighted when there is interaction with them similarly to the rest of
menus and icons.

In addition, very few of the interfaces shown in the mood boards are arranged horizontally, and

as they have not been designed for entertainment they are not suitable in an industrial context
(Further detail in Appendix 3).
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Figure 4 Moodboard of state of the art of current interface in small screen devices
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The graphic design of a company can be defined as the creative process to communicate ideas
in a graphic and visual way, and it is composed by all the graphic elements that communicate
the brand in many different channels, as marketing, advertising, lettering, company internal
documents and more (Helmer, 1993).

Graphic design involves the typography used by the company, its logotype, the colour coding
and shaping that it gives to his posters, commercial advertisings and more. In general, it is all
the communication that can be related to the brand. All the elements described previously
compose the graphic universe of a company. Nevertheless, the graphic universe is not only
focused on promotion of the brand, it is extended also to the communication that is used in the
inside of the brand.

In the case of Volvo, like in figure 5 can be seen, it has been analysed what is its graphic
universe by a web search of the web pages of different services of Volvo. Elements like the
logotype, the typography, the colour coding and shading have been analysed and collected into
a paper, to remind the authors of the thesis the current style of Volvo, and consider the
possibility of following that style when it is possible (Further detail in Appendix 4).

After collecting all the images, some conclusions can be reached. The conclusions are divided
into the following categories:



Typography : Volvo has his own typography to be used in advertisements, to be
used in titles and in slogans. However, to write in webpages and extent texts, they
use a standard sans sheriff typography, similar to Helvetica, Myriad, Arial or other
well-known sans sheriff typographies.

Colour Coding : Volvo uses most of the time warm colours, using soft greys and
different scales of blue most of the time.

Background and shaping : Volvo uses simple shapes to compose its background,
most of the time using rectangles, sometimes with round edges and sometimes with
sharp edges.

VOLVO GRAPHIC UNIVERSE
PRODUCTION GRAPHICS = COMMUNICATION GRAPHICS
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Figure 5 Graphic Universe of VVolvo, used in their web pages and promotional documents
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In this chapter, user and environment study was developed, reflecting the ideas and data that
were gathered in personal visits to the factory and previous knowledge. Another basis of the
study was the moodboards that were developed using pictures of both the factory environment
and the workers. In addition, analysis of the state of the art of the interface design and the
graphic universe of Volvo were used, to be more successful focusing the product to Volvo,
which is the principal stakeholder of the project. Most of the content of this chapter is based on
new study done specially for the development of this thesis, which is not based in previously
done research.

All the information collected in this chapter will be used both as an idea selection criteria,
choosing concepts that fit better the information gathered in the chapter and as an inspiration
source to create user-centered interface designs.
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To determine the requirements of the product, some methods were used. The product
requirements are the outcomes of this methods, and are used to determine what is expected
from the final concept
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Before starting the creativity phase, it is decided first that some requirements for the final
product must be studied and defined. Is thus, that before moving on to the concept generation,
the information from the previous analysis is used for that purpose. However, other
requirements must be defined also, understanding the aim for which the interface would be
defined for. Therefore, a positioning is done with the requirements to meet. This positioning will
be used later as a filter for the concepts.

It is decided to use the CUT (Communication, Use, Technique) methodology to develop the
requirements positioning because it is thought that through this method the key words to
determine the requirements to meet are listed more efficiently and better organized. Figure 6
shows the method reflected on a sheet (Further detail in Appendix 5).

According to this method (Jean Patrick Peché, n.d.), the requirements must be divided in three
main categories: Communication, Use and Technique. On the Communication category will be
placed those characteristics that transmit something to the user before using the product. Those
in charge of communicating to the user visually something previously decided. The “Use”
category will be the group of features related to the direct use of the product. These will be the
words that will define the use of the product and the experience of using it. On the last group,
“Technique”, will be placed the key words to explain the technical aspects the product has to
meet in order to communicate what is wanted and work the way is wanted.
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It is decided to use metaphors in the interface, so the future users can relate concepts in their
mind and understand more easily how to use it. The use of animations is considered important
for the same reason; however, the interface should not distract the users from their main task,
which is working. Aesthetically, the interface should follow VOLVO's graphic style  somehow,
to connect it with the company. And as well as when it is used, it should transmit that it is
simple, easy to use it and the users must like to use it .

2

The use of the interface is defined mainly as easy, simple and likeable. . The information must
be presented clearly, to avoid confusing the users when using it. Above all the interface has to
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be intuitive for novice users, but if that would not be enough, going backwards must be easy, for
each time the user is wrong. The interface should give back to the user feedback of each action,
using the memory it might include.

2 #0 (9&

Even if some of the technical aspects of the interface will be conditioned by the device itself,
there are listed in this category. The interface should be capable of keeping some data in its
memory. It is important that the interface provides user feedback of each action, to help the user
when using it. A high resolution screen with the capacitive technology will be interesting, and
permit both interaction with fingers or a stylus. For information accuracy and detail, the software
could be able of visualizing 3D shapes and animations. Some of the actions could be also
performed by voice recognition, leaving the hands free for other actions. For alarm cases, a
vibration system will be really helpful, if the noise is not enough to aware the user.

No distractions Personalizable
Easy using
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Desirable

Easy backwards Clear information presentation
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3D animation
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Figure 6 CUT method graphic explanation
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The objectives tree method is useful to clarify the design objectives and sub-objectives,
involving the relationship between them (Cross, 2005). To develop the software of the DSS,
some objectives were defined, distributed in different categories. The main categories of
objectives were divided according to the different stakeholders related to the Decision Support
System. After, different objectives were developed, related to the interest of each stakeholder of
the final product. Then the objectives were developed, leading to different sub-objectives. The
results of the developed objectives and sub-objectives can be seen in figure 7. The objectives



that are described in the table must be implemented in the final version of the DSS,
nevertheless, the solution presented in this thesis will be a simulator of the final product, so only
some parts of the objectives will be recognizable.

For the simulator of the software, the most important is to fulfil the user expectations, which are
listed in the table under the “user requirements” field. Although the user satisfaction is the most
important part of the DSS, there are other stakeholders that need to be taken into account.
Those are the company and the environment. If most of the requirements that are listed in those
categories are met, it will have the characteristic to be a successful product (Further detail in
Appendix 5).

REQUIREMENTS FOR THE INTERFACE DESIGN OF A DSS

TASK//WORK REQUIREMENTS OTHER REQUIREMENTS

USER REQUIREMENTS COMPANY REQUIREMENTS ENVIRONMENT REQUIREMENTS

Worker tracking Automatic brightness Leisure features
1 )
Production goals Esseptiallieatiiesot Worker profile database

depending on sound
1

Scheduling Information about the environment

Task assignment

In case of emergency protocol

Support workers with information

Current Status

Figure 7 Simplified version of the requirement tree
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The interface is not only a Graphic User Interface, because it has a lot of informative content,
useful for the production in human based assembly. That is why it is needed to ensure that the
concept will fit a minimum of requirements. This way, a DSS scheme was developed, where it is
shown in a graphic way the content that the final concept should have. In this table, there can
be seen the main aspects of the content, described below:

Tasks: This is the core and the main aim of the DSS,

Communication options:  The communication that the system will be able to conduct. It is
desired to have communication between different operators for the situations where the help of
the DSS is not enough to perform correctly the task assignment. In this case, using connectivity,
the system should be able to connect personnel of different sectors.



Scheduling: The scheduling may complement or replace the actual scheduling system in the
shop floor. Information that now is shown in large screens along the factory can be merged into
the DSS.

Features: Other features that have to be reflected in the final concept are the input and output
and the real time recognition that the authors suggest that the system should have, but this is
strongly conditioned by the parallel project.

Alarms: Alarms are essential to inform the workers about unexpected situations and
unforeseen. Different alarms need different behavior, both from the user of the DSS and the
DSS itself. Correct alarm presentation may help to be more effective when unforeseen occurs.

Extra features: Extra features can be a good choice to make the product desirable. If workers
perceive the product not only as a working tool, but a gadget that they can use for other
purposes, they will be more liable of using it.

As the outcome of this thesis is not going to be the entire system, there are aspects that are not
going to be directly reflected on the final concept, but, in any case, for further development this
chart (figure 8) should be taken into account (Further detail in Appendix 7).

Comment
Fesdback Sequence info
STATUS REPORT VIDEO

PICTURES

Augmented reality

LINK OPERATOR WITH STATION

Wi follow up EXTRA FEATURES PERFORMANCE

ASSISTANCE

Locked when in active working

REAL TIME RECOGNITION

Skype look-alike??

PERSONNEL DATABASE VieoconTerence

LOGIN//WORKER ID.
STATUS UPDATE

Operator-operator
COMMUNICATION Supervisor-operator
Maintenance support

INTERFACE
CONTENT

Camera Led-indicator

INPUT//OUTPUT Headphones

Standard Comments

OPERATOR LINKING
_m SCHEDULE GOALS
SCHEDULING

Generic

ALARMS

SCHEDULE//SHIFT CHANGE
PRIORITY 1 PRIORITY 2 PRIORITY 3

AL Affecting Production Safety compromised
eaning Machine Breakdown Production Breakdown

Material Load Accident at work

Send free operator

when possible Send neccesary operators Block DSS until the problem is solved

Figure 8 DSS Scheme with the parts relevant for the final idea
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This chapter is the final part of the analysis done for the development of the Project. Here there
are listed different criteria that will be used later to evaluate select and discard different
concepts developed during the idea generation phase. The chapter is divided in three sections,
the CUT (Communication, Use and Technique analysis method) positioning method, which
analyzes the product from the perspective of the use, the communication and the technique.
The requirement tree, where requirements that the product had to meet were establish,



according to different categories. Finally, the DSS scheme, which was a brainstorming were
there were listed and distributed all the categories that the final interface should have by the end
of the development of the project. The information of this chapter will be used to evaluate the
validity of the different concepts of the idea generation phase. Nevertheless, all the
requirements that are described in the chapter may not be included in the final concept,
because not all the requirements have the same relevance. That is why in the selection of
concepts to be developed in the different creativity phases, not all of them will be recognizable.
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The first step for the idea generation was to establish what kinds of screens were important for
the final concept to be interesting. At the beginning of the idea generation phase, it was
discussed what were the most important screens were the team had to focus on. At the
beginning, only the most important screens were defined:

The login screen: An screen were each worker could enter their user id. to get specific
information on their device. In the early idea generation it was suggested to do the login using
voice recognition, although it was not discarded to have different kind of login methods.

Principal Menu: The first screen of interaction with the user. There is the choice making, and
from that starting screen, the user could navigate for deeper menus.

Instructions, Assembly sequences:  The core of the DSS, the screen (or screen combination)
where users of the device obtain support to perform the better way possible in their working
shift.

Current situation: The screen (or screen combination) where users could access to production
and status information, concerning to their specific workstation, or for more generic information
of the shop floor.

Breakdowns and alarms: Screens where users can be informed of important issues affecting
production or safety inside the factory. In this kind of screens it was very important to make
different levels of relevance, because not every incidence has same relevance and importance.

Feedback channel: This kind of screens are necessary because the system is a Decision
Support System, which information flow, although it could be automatized mostly, still depended
on the information input by human components, so there could be mistakes or lapses between
the information creator and the information receiver. Because of this, feedback channels are
important to report all those little mistakes, so they can be avoided or prevented next time, by
adapting the software.

Extra features: With this screens, users can access to leisure extra features, like music player,

factory restaurant menu, or even the newspapers. Giving users leisure activities when it is
possible helps the product to have more user acceptance.

0)
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Once the whole analysis was completed and the requirements and needs to meet were defined
the conceptualization phase started. At the beginning of the creativity phase several concepts
that would fit the DSS device and focused on what operators could need were developed. The
aim of this first phase was to create the most amounts of ideas out of the box possible. Because
of this, there was no filter; every idea was welcome, independently of how crazy it looked like.
This early sketches were not elaborated; they were just a way to express in a graphic way the
ideas that the designers had in mind.

Inside the idea generation, the sketching was done in a very open way. There was no focus and
the different concepts did not need to meet specific characteristics. This was a starting point
from scratch. This kind of sketches were not detailed, they were isolated element designs,
without characteristics in common. In this phase there could be seen raw ideas of how could
look like the different screens, without detailing, in a representation of the overall view. In
addition, ways of interacting with the system were described roughly (figure 9).

'_
ﬁ_f | VoLwo eest
I | f—

|
I
[

| °

—_—

—— |

. S

Figure 9 Sketches from the first generation phase

Once there was a large amount of raw ideas to start with, the team made a meeting to
interchange impressions about the different sketches. In the meeting, the positive aspects of
each different sketch were pointed out, and the weaknesses and mistakes of each one were
also examined. Some examples than can be found in this idea generation step, where initial
sketches of how could look like the login screen (Figure 10)
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Figure 10 Login screen developed in the fist phase

Assembly instructions were also sketched. Assembly sequences are the main aim of the DSS,
so especial effort was done along all the creativity phase to obtain the better result possible
(figure 11)The intention for this first step was to sketch fast; that is why all the sketches has that
rough appearance and have no detail, using squares and basic geometry to symbolize the
different areas where icons, instructions or another sort of elements might be displayed.
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Figure 11 Assembly sequences generated in the first phase
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Using a meeting to discuss the ideas, the work done so far was analyzed. It was seen that,
among all the sketches, there were some good concepts, some interesting features and ideas.
When the first evaluation was done, another sketching phase started, using the sketches of the
first phase as a reference, using the best concepts as references, and discarding the sketches
that were not good enough or were completely useless. The outcomes of this second phase
were separate concepts for different screens, for example for the login screen, the main menu
and the assembly instructions. Those were still much unelaborated concepts, but they started to
have sense as separate screens. While in the first screens all the elements where represented
with basic shapes, in this second phase, it was started to have more detailed shapes, with
examples of layout and icons (figure 12)

Figure 12 Sketches with layout and icons

In this step of creation, the sketches were filled with explanations and comments not only in the
appearance of the system, but also in the functionality of it. The list of metaphors was used also
as a source of inspiration from which new original ideas for the interface design could be
obtained. Different interaction was explained with comments on how would the system react or
interact if some buttons were pushed, or some kind of situations happened. One specific idea
that was relevant because the use of the metaphor of a toolbox was the development of the
interface as it was a toolbox (figure 13); the interesting of this idea was the relation that was
done between the finality of the product and the visual appearance of it. The manual assembly
consists on gathering together different parts using tools, so the metaphor was that the DSS
was another toolbox that the operator could use to perform their work.
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Figure 13 Detailed sketches with explanations of the interaction
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Those concepts were discussed before moving to the next step, which was the last creativity
phase done using hand-made sketch.

In the final hand-made sketching phase, entire DSS concepts were done, using the screens
listed at the beginning of the section 6.1 as example screens to show how the DSS would look
like. In addition, during this final phase session, the partner in charge of developing the device
was invited for a more objective second opinion. The methodology when sketching in the last
phase was to sketch with the timeline in mind. This means that the screens were designed in
the order that they would be presented to the operator. In the example below (figure 14) it can
be seen how the first screen is the login screen and the second screen is the workstation
selection, where users will establish what is going to be their workstation during the working
shift. For the next screens, there are the different menu navigations, to reach all the sub-menus
and specially the assembly instructions, which is the most important part of the DSS. Also,
some complementary screens such as the feedback channels and the alarms display are
presented were presented.

Figure 14 Concept with screens arranged as they will be presented to the operator

After analysing the new detailed concepts together with the ideas for the device, three ways
were selected for developing three pre-concepts of the final interface. The ideas were the
following:

The interface concept based on a virtual operator that gives the support to the user
The idea of a simple, clear and smart interface
The concept of a customizable interface
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From the main ideas selected to be developed in detail, it was come up with three main
concepts. These concepts were developed by applying the best characteristics of the ideas in
each of the three ways and mixing them. A meeting was planned with the owners of the idea at
the end of the week, so the team worked on how to present the three pre-concepts. The
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objective of the meeting was to receive feedback on the three concepts in order to decide how
to develop the final product.

Based on the sketches developed for the second meeting and some of the ideas seen from the
earlier sketches, the pre-concepts to present were developed using design pc software, namely
Adobe lllustrator: a vector-based drawing software programme well known to the team. The
main concepts were scanned and used to trace the interface screens. Some of the icons and
colours were selected just to show an approximation of the general appearance of the idea. The
intention was to show and explain the concept, without going deeply into small details, as this
was not the most important part at this stage. Some different situations for the three concepts
were selected to be shown at meeting and presented in three posters.
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The concept of designing an interface where a virtual assistant would help the users to carry out
the different actions and use the different options of the software came from the idea that the
interface itself should simulate a real operator of the factory. The virtual operator would
establish communication with the user to try to answer the user’s doubts and give what is
needed in each situation. It was wanted to make the whole DSS more integrated with the
workers, functioning as if the product itself would be a worker, because of the virtual character.

As fig. 16 shows, in this concept, the virtual operator would be present in all the screen and
menus, asking the users at every moment what they need to help reaching after to the needed
information. Main icons would be placed around the operator, and the interaction would be a
mix between touching the screen and giving commands via voice. The operator would
recognize users voice to carry out different actions and at the same time it would give
recommendations to the users on different situations, such as in alarms situations or assembly
instructions. The operator would issue all the text displayed on the screen, and the user would
be always able to ask things, by using specific voice commands, to it.

Figure 15 First concept, Volvo Operator +

Aesthetically the interface would look quite simple, being the virtual character the most detailed
element of the screen. Animations for different movements would be given to this character in
order to make it more vivid and realistic. Different shades of blue would be used to paint the
main screens.

A poster with all the different screens designed for this concept can be seen in APPENDIX 8.
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Among the different sketches and paper-mockups done during the creativity phase, it was seen
that there were some concepts that had an elegant and serious touch. Due to the fact that the
interface should be designed for a work enviroment of a real big company, some of the ideas
tried to fit with a style that reflected these characteristics. Therefore, the concepts that had
something to do with this style were taken to develop from that a simple and elegant interface
idea, focused on workplace.

The main characteristic of this interface would be simplicity and intuitiveness, because of the
easy location of all the elements on the screen and the clear enviroment designed for it. The
icons of the main features would be placed in a main rotational menu, being the icons big sized
for a fast and easy identification. The user would rotate this menu to find the needed feature by
touching and dragging on the screen. When the different applications were to open a main
window would open for it, leaving the menu behind.

The colours used on this interface would be dark and serious (black, different greys, greens and
whites), trying to suit with the characteristics of the interface. The corporative image of VOLVO
would always be present in every screen and some icons on the left side of the screen would
work as shortcuts to most used features (figure 16).
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Figure 16 Second concept, Volvo DSS simple

The interaction would be mainly based on screen touching except for some small features like
the login or the contact application, that would be used by voice recognition and voice
commands.

A poster with all the different screens designed for this concept can be seen in APPENDIX 9

3 #r & "+ (

During the analysis phase it was seen that it is very important to provide to the graphic interface
users the option to personalize different aspects of the interface (Gallitz, 2007), and when the
first ideas of customizable were created through sketches it was decided to select this to create
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the third way of concepts. In addition, it was thought it was important to incorporate one concept
with the option to personalize it with the users likes or needs in order to make it more likeable
for them. The final concept developed for this idea dealt with the customization option. It needs
to be said that among the three concepts this one was the weaker one, because it was
developed less deeply than the other two. Moreover, apart from the customization option, the
interface did not offer any other strong feature.

As mentioned above, this concept had the chance of customization, and for that purpose, an
icon/button would be added in every screen of the interface. Pressing that icon, the user would
have the option of changing the display of the menu or layout he/she is seeing on the screen up
to three times, to organize it the way it is more wanted. This way, the option of visualizing things
in different ways (and especially the assembly instructions) would be given, for a greater
comfort of the user. It would be also a way to give the opportunity of understanding it better to
those unfamiliar users with this kind of products (figure 17).
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Figure 17 Third concept, customizable interface

Apart from that, the interface would be presented also with discrete colours, mostly different
shades of greys and representative icons of each application. Navigation and interaction would
be done mostly using the touch interaction with the screen.

A poster with all the different screens designed for this concept can be seen in APPENDIX 10
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Once the concepts were presented in the meeting with the owners of the idea, it was noticed
that one way needed to be selected to develop the final idea. Even if feedback on the presented
ideas was received, still the choice of the best idea needed to be done. From the received
feedback it was summarized that all the concepts had interesting features for the final product,
and that selecting just one of the ideas would be narrowing too much the options. Therefore,
after a small discussion it was seen that the best way would be developing a mix with the best
features. Even though, it was found out that a selection criteria needed to be applied to know
which of the ideas suited best to use it as the base for developing the final concept; although
after features from the rest of the concepts would be added.

Two main filters were used to make that selection, the Requirement tree and the PNI method.
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PNI stands for Positive, Negative and Interesting. This method is been used to identify the
positive, negative and interesting points of each of the ideas in order to make the final selection
easier (Cross, 2008). In the following table (table 2) can be seen the summary of analysis done
with the PNI method for each concept:

Table 2 PNI for the 3 pre-concepts
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The result of this method shows that both the first two concepts had quite a lot of positive
aspects that make them strong concepts, whereas the third concept remains as a weak concept
with just two positive characteristics.

Between the two main concepts it is been seen that the idea of the operator has more negative
points than the simple concept; and as it is been seen that the best features of the first concept
could be improved and combined with the simple concept, it follows that the second concept is
the best based on this method. Nevertheless, another filter is used for more accuracy.

3 <

The requirement tree developed before (chapter 5.2) is used to find which of the concepts
meets best the defined requirements. Among all the requirements listed there, the most basic
ones are used to apply a filter to select the best concept. The ones left are not taken into
account because it is thought that they are features that could be added to any of the concepts
once the product is in the final development phase. To apply the filter correctly a matrix with the
three concepts and the chosen requirements is been done. The list of requirements is listed in
thirteen columns above the table and the three concepts in three different rows. Then it is been
checked which of the concepts meet which requirement. The result can be seen in the following:

Table 3 Requirement evaluation for the pre-concepts
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In this matrix can be seen that looking now to different aspects, such as the requirements, the
third concept becomes a more solid idea because of the amount of requirements that it meets.
Nevertheless, the Simple concept still remains as the strongest concept meeting all the listed
requirements but one. Once more, it can be concluded that the VOLVO DSS SIMPLE concept
interface should be the base interface to develop the final idea, despite the fact that some
features of the other concepts are interesting to apply them.
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From the meeting, the group decided to make a mix between the virtual operator concept and
the simple and clear one. In this final concept, the operator would have less importance but it
will still be included. The following work hours were dedicated to the development of the new
final concept.
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Icons are one of the main parts of the interface design. The team decided firstly to meet in order
to choose witch icons will be developed for the different features of the interface. It was also
analysed before the icon design process in specialized literature. According to Gallitz (2007)
there are many steps and important restrictions to create new and efficient icons, and all of
them were summarized on an infography (Appendix 11). In

this sheet there were summarized other important aspects of the interface design also, and was
checked as long as needed during the final idea design process.

The icons that are already available, that already exist, should be used in order to make easier
the users’ understanding, remembering their previous knowledge to recognise the icons rapidly
(Gallitz, 2007). Therefore, when the team did the list of needed icons it was decided to use
already existing icons for some of the features as starting point to develop new icons.

To develop new icons, although the meaning of most of them was extracted from existing icons,
an idea generation was done. In this case, the development of the icons, did not take the same
time as the development of the screens did. Nevertheless, the search for new ideas to apply
them to the creation of icons took time, to develop icons specially thought to be used in the DSS
of Volvo. Although the criteria established by Galitz (2007) of keeping the meaning of existing
icons, it was deliberated that the design for an unique costumer worth the effort to design an
specific icon pack (Further detail in Appendix 12). To develop the icons, first they were
developed in hand-made sketches figure 18 and then digitalized using vectorial design.

Figure 18 Hand-made sketches of icon development
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Anyway, all the new icons will have a personalized touch, despite where they came from. The
list of needed icons would be the following:

Main Screen Main Menu
Battery - instructions
Micro (Recording) - Settings
Back - Internet
Instructions - Music
Reminder/News - Contact
Settings - Calendar
Operator - Other stuff
WIFI Signal - Alarm level 1

Alarm level 2

Alarm level 3

Current status / situation
Feedback

Volume

The next step was sketching different ideas for each of the icons. The team was divided to work
individually on the conceptualization. There were drawn many concepts for each of the icons,
and the group met to collect all and evaluate them. The criteria for choosing among all the icons
were simplicity, consistency of icons with other icons and easy understanding of the icons. The
ones that meet best these aspects were selected and the rest were discarded. This process
was done quickly because the ideas were very clear for the team.

Drawing the last version of each of the icons and converting them into virtual paths was the next
move. Adobe illustrator software was used for that purpose. The icons were designed in the
biggest appropriate size for icons, 48 x 48 pixels (Gallitz, 2008) with a high resolution. Colour
was given then. The result of this work was reviewed to propose possible improvements to
make the icons more efficient. Some of the icons were changed completely and others were
lefts as they were before, because they worked OK.

Finally, the icons were introduced into the final interface design ((Further detail in Appendix 12).

4 5

A storyboard is a set of images displayed on sequence to tell a story and make it more
understandable. It is normally used on film industry to plan the filming of the different sequences
of a movie, but it also can be used as a technique for explaining the interaction between a user
and a product in different areas (Sharon & Ekhteraei & McHarg & Wilson, 2010) Therefore, it is
been decided to use this technique with the aim of contextualizing the use of the designed
interface in the situations for which it is been designed.

The first step before developing the storyboard was writing a small script to know what was
wanted to show. It was described a shift of VOLVO CARS Skdévde factory with different
situations that may happen from the beginning to the end of the shift.



Then, there were drawn those situations on a paper using the pencil, with some fast sketches.
Later, these sketches were scanned to have them on digital images. The last step was
converting the illustrations into vectorial drawings using Adobe lllustrator and putting them into
the same poster organizing them sequentially.

Being the aim of the storyboard explaining the use and interaction between the operators and
the interface, it was important selecting the best situations to show the different uses of the
interface. It was wanted to show the different main screens; that is why the whole process of the
login has been drawn, also, the main work situations with the use of the interface and an alarm
situation in the factory. In addition, secondary screens like contact, music or current situation
and the illustrations of the situations on which this features would be used were drawn to show
also.

In figure 19 the result of this work can be seen (For further detail go to Appendix 13)
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Figure 19 Storyboard with the stages of use of the product
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After the idea generation carried, three pre-concepts were presented to the supervisors of the
project (further information in section 6.3). The outline of the final concept was defined based on
feedback from the supervisors and the device designer as well as on the result of the concept
evaluation. This final development consists on developing the device where the display will be
presented and the supervisors. This final concept is the suggestion that will be presented to
VOLVO, to be used at their engine manufacturing and assembly factory.

As it is a device that will be used at a Volvo factory, the presence of the brand is evident in the
system, because of the use of the identity of the brand, and also using the graphic universe of
the brand (see section 4.4) as a reference. The final concept consists of some screenshots and
screen transitions and interaction that show the main functionality of the system.

= $'+ + -

To build the final interface, general elements such as the background and elements which are
displayed in most of the screens had to be defined. The most important general elements are
the background and the information bar (figure 19). The background is a dark screen with the
logotype of Volvo in the middle of it. There are two different backgrounds: one used in the login
screen, with the logotype in the left side of the screen, and the other with the logotype in the
middle of the screen. It was decided to use dark backgrounds to strengthen the focus on the
information presented on screen, and not on the background. As for the information bar, it is a
small white square with global information, such as the battery level, a central part to display
elements to inform about the applications that are being used at the moment and small
messages, and also the date and the time. Both the background and the information bar are the
most present elements, and are displayed in every screen.

i 60% E ! text entry notification 19/04/2012 0954

Figure 20 Background and notification bar of the concept
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When the final concept for the interface of the DSS was being defined, one of the aims of the
team was to reflect the identity of Volvo, using characteristics of their graphic universe. That is
the reason why the logotype of the brand is shown in the background and the menus are
displayed in blue tones, similar to what they use on their web pages. In addition, the typography

13



of Volvo (VolvoBroad) is used in the menu titles as an identity sign of the brand. For the system
typography, two different fonts are used, depending on the place where they are displayed. For
the information displayed in different messages, like the reminder and the workstation
description, Myriad font is used in pure white with opacity of 85% and a minimum character size
of 5pt. Although research about sizing of typographies was carried out, due to time constraints,
the final calculations were made approximate, following the guidelines for design, but not the
specific formulas. Following the same criteria as in the selection of Myriad font, for the
messages displayed as help in the speech balloon, Helvetica font was used, with a character
size of 4,5pt. Those characters are displayed as a reference, and if after user testing is found
that the character size is not recognizable enough, it will be changed to a larger size.

= #$5 %

There are two different kinds of screens: main menus and secondary menus. The main menus
are those which are directly related with the final aim of the DSS, i.e. to support the operator.
However, there are secondary functions that need another kind of sorting, such as the
configuration options and the extra features, for example the calendar and the music player. To
differentiate between the main and secondary menus, different layouts are used. For main
menus, there are permanent icon shortcuts on the left side of the screen and menus are
displayed on blue backgrounds, with sharp edges for the assembly instructions, task description
and contact menu, and with rounded edges for the other menus. The reason for having two
different backgrounds is that for the sharp edged background the size is always the same, while
in the rounded edge background, the size of the background is adapted to its content. On the
other hand, the secondary backgrounds, a bar in the bottom of the screen is used, with the title
displayed in the middle. In addition, feedback and back buttons are moved to the right part of
the menu, to provide more space in the center of the screen to display the menus. Besides, the
icon shortcuts are hidden, with the possibility of showing them if it is wanted. Finally, the
contents of secondary menus adapts if the icons are shown, condensing the displayed
information in the available space.

HES0% 8 B texenuynotiiction  19/04/2012 0954 |@EES0% 8§ W textentynotification  18/04/2012 0954
Brightness

Brightness
Contrast

Profile

Contrast
Profile
Change User Change User

Connectivity

Connectivity

System Status System Status

SETTINGS L AO)

SETTINGS

Figure 21 Setting screens with the two available positions
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The login screen is the screen where operators will log into the system, using their credentials.
As it is a system intended to be used in the future, the team thought to go one step forward, and
left behind the classic text input login. Therefore, the login will be done using voice recognition
software. In this way the operator has to state his name and surname, and the software would
recognize the speech pattern, which is unique for each person, and the pronounced name.
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When the speech pattern is recognized, one tick will be shown as feedback to the operator, so
they can push the login button and enter to the DSS.

Volvo DSS User Login 19/04/2012 0954

Y 4 Cars Skovde
VOLVO
4 State your name and surname

pEcision M9 T H
SUPPORT
SYSTEM Login

Figure 22 Login Screen
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The principal menu is the screen where users can select the actions that they are going to
perform. In this menu, a menu navigation can be seen centred in the screen, where users can
access all the parts of the DSS. The icon, which is on the middle of the two arrows, is the one
that is preselected, so the label displayed below it, corresponds to that icon. To access the
menu of that icon it has to be touched with the finger. In addition to the principal menu, in the
left side of the screen, some icon shortcuts are presented with the most important features
concerning to the aim of the DSS. Those are the Assembly instructions, the settings the
reminder and the help of the system.

]
Assernbly Instructicns

Figure 23 Principal Menu
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To access to the assembly instructions, there are some conditions that need to be fulfilled.
Those conditions are the workstation selection and the workstation description. The first time
that the assembly instruction icon is selected there are two auxiliary screens to input information
before starting with the assembly sequence. In the first one, operators have to select the
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working area. When they do that, the map will be automatically zooming to the selected area,
and then the operator will be able to select a specmc workstation tapping it.

Figure 24 Workstation selection screens

By selecting the workstation, a dialog box open with the information concerning to the
workstation and a button that the operator can press to access the assembly instruction
sequence.

TASK DESCRIPTION

W Duis nec magna nisi, eget commodo odio.
B Phasellus vehicula turpis ac eros ultricies porttitor.

B Donec porttitor hendrerit sapien, at varius metus.

Settings B Quisque tempus tincidunt enim, at egestas erat vest.

E m Sed at tortor nunc, non commodo diamort.

Reminder

(q W Vivamus laoreet massa a neque posuere in vestibulum.
L
eip

Figure 25 Task description screen

Once the assembly sequence screen is reached, there the operator can access to all the
information that they need to do their work. The screen consists of a top bar where the different
parts involved in the assembly sequence are displayed. If some information about the part is
needed, the user can touch it, and the help log will pop-up with written information concerning to
the selection done. If the operator needs to go back on some help he received, he can go back
touching the help icon, and a log of the last messages will appear in screen. To navigate across
the following instructions the operator has to touch the arrows; the left arrow to go back to the
previous sequence and the right arrow to go to the next sequence.
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Screw 538014 and 587360. Fit 170450 using class 1 fastener
Fastening pressure: 540 N/m

Figure 26 Assembly sequence screen
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The reminder is the screen where there are displayed the messages concerning to important
updates in production, schedule changes and every information which is important to the
operator. Operators can mark the message as read and continue with their work normally. If the
reminder messages meant that some action needed to be performed, the help log will display a
message with the required action to continue properly.

text entry notification 19/04/2012 0954

REMINDER

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Quisque vitae
ipsum tortor, sed egestas urna. Praesent rutrum iaculis nibh quis
molestie. Morbi sit amet sapien erat. Proin posuere elementum ipsum
nec eleifend. Donec nulla nisl, cursus id elementum at, scelerisque eu
nisl. Etiam euismod tempus sapien at adipiscing. Ut laoreet odio et

. ipsum tempus viverra.
Settings

ﬁ ACCEPT MESSAGE

Reminder

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Etiam a enim non lectus
egestas interdum. Maecenas at ullamcorper velit,

Figure 27 Reminder screen
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The feedback screen is intended to be a update tool for the system. In that screen, operators
can report a problem in the window that they select the feedback option, represented with a
symbol.

Figure 28 Feedback button

Once in the screen, depending on which screen was selected the feedback option, a dialog box
will appear, with a description of what may be the problem, and some suggestions to improve it.
As it is impossible to foresee all errors and mistakes, there will always be included the option of
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inputting their own suggestion. Also, for some kind of feedback it will be included the option of
attaching a photo for a better understanding of the problem.

text entry notification 18/04/2012 0854
FEEDBACK

Suspendisse quis urna consectetur dolor mollis
evismod. Suspendisse luctus molestie dolor a
elementum. Aliquam erat volutpat.

[[] Nunc facilisis enim eu nulla molestie

scelerisque. In tempus, libero at consequat
: iaculis, turpis ante lobortis diam purus.
Settings
O Proin semper erat non odio rhoncus quis malesuada justo ultricies.
“ Donec ac purus ultricies ipsum vestibulum tempus.
Option1 Option2 Option3

Reminder

m Option4 Option5 Option6 @
L
SEND FEEDBACK

Figure 29 Feedback screen

Alarms will be displayed when there are unforeseen affecting the production. There are different
levels of alarm, so they will be presented in different ways when it is needed. For alarms that
affect directly the user of the DSS, they will be displayed with the icon “!1”, showing that is of
maximum priority. Nevertheless, for alarms that are not of number one priority, there will be the
option from the user to postpone the alarm and will be symbolized with an “i” icon. Although
they can be postponed, they will stay in a second plane, until someone fixes the problem.

ALARM!

Cras egestas egestas rhoncus. Phasellus eget enim mollis nisi aliquet aliquet.
In vehicula porttitor nisl, quis porta dolor porta Nullam odio dolor, imperdiet facilisis lacinia sed, pharetra eu arcu. Nulla orci
ut.Vivamus y . dolor, porttitor non dictum hendrerit, dictum vitae enim. Ut volutpat augue
purus lectus, tempus vitae ultrices vel, sit amet = K, vitae metus faucibus ut dictum turpis congue.

ALARMO1  AmM0Z 4 ATARMIS

Sed accumsan malesuada velit, sed Sed < e
accumsan malesuada velit, sed dapibus "
tellus faucibus et Nulla quis tortor metus, ut " S "

interdum orci.dapibus tellus faucibus et

Sed accumsan malesuada velit, sed dapibus tellus faucibus et. Nulla quis tortor
metus, ut interdum orci.

Lorem ipsum dolor sit amet, consectetur adipiscing efit. Etiam a enim non lectus |

[ j i Take a look o these alarms and choose an action 10°cary out @ Yo egestas interdum. Maecenas at ullamcorper velit
Hel Held

Figure 30 Alarm display
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Current status screens are used to know the situation in different fields of such big factories.
The main objective of this kind of windows is to inform users about the situation, so if they think
that help is needed in some place and they can attend it. Accessing to the current status menu,
the first screen consists on a map of a general view of the factory and if they tap in some part of
the map, it will make zooming to that part, showing the available zones. Once they have
possibility to select concrete areas (identified in the map by numbers), they will be conducted to
the next screen, with a small map of the zone and the description of the concerning field and the
general status of that zone in the left side of the screen, while in the right side, there is some
description with the last happenings on that field of the factory. In this kind of screens, there is
the option to report feedback to the system, using the feedback button.
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CURRENT STATUS

Historial of Sector
__Vamus sodales mauris ut augue tincidunt iaculis.

Quisque porttitor, mi nec aliquet vestibulum, ante
urna mollis est.

__Eget bibendum quam tortor id magna. Vestibulum
posuere, neque nec elementum rutrum, leo mauris
faculis mi, consectetur lacinia neque lacus nec odio. Sa 5 "

Suspendisse potenti.
All Clear -

ZONE 1 STATUS 7 @ D s O P o e o gt s s s - @

Figure 31 Current status screens
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In the help screen, users can access to the last support they received. The support is conducted
by pop-up messages in principal screens, but if the users want to know more about some
guidance they received, they can enter in this menu, where there is the choice to find in the last
messages. If they want more specific information about that message, they can tap on the text
field to access to a better description of it.

Ee0% & B textenuynotification  19/04/2012 0954

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Etiam a enim non lectus
at per velit

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Etiam a enim non lectus
egestas interdum. Maecenas at ullamcorper velit.

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Etiam a enim non lectus

egestas interdum. Maecenas at ullamcorper velit.

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Etiam a enim non lectus n
egestas interdum. Maecenas at ullamcorper velit.

OPERATOR MESSAGES 7 @

Figure 32 Help Commands

The contact screen is used to contact to other personnel in the factory. There will be a
personnel database, so the communication may work to every worker in the shop floor. In the
first screen it will be displayed the contact that was required in first place, with its identification
of even a picture, if they want to upload it. The options are calling directly or recording a
message and sending it as text. Besides, they can also access to the agenda to find another
contact.
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CONTACTS

CALL CONTACT

Settings SEND A MESSAGE

Ei Johan

S Johansson Adeida U”[H oo
r‘ﬂ ext.203456 @

Help

Figure 33 Contact screen

With the screens designed, the connection between the different screens was defined. As the
final result is not working software, the intention of this interaction definition was to show how
the different screens and features were interconnected. The interaction defined in this project
corresponds to the main screens that were defined, so in the final software, new screens and
functions may appear. The graphic explanation of the Interaction can be seen in the appendix
14.
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Once the final interface is designed, it is been decided to develop a prototype for testing the
interface and try simulating how it would work, and by the way, receive feedback on it for future
development. It was wanted also to show a demonstration that would try to reflect how the
interface would behave on different situations.

It is important to work on a testing of an interface to observe how the users interact with it, what
did these final users expect and how do they react when using it. In addition, it is also a way of
evaluating the product before it is finally developed, a way of correcting possible mistakes and
applying some improvements before it is built. Furthermore, the testing is also important for the
developers, since the designers cannot have a good perception just with the feedback received
internally. Moreover, it is also not possible guessing how the use would be like merely looking to
the aesthetics and the design of the interface (Gallitz, 2007).

Selecting the best way to create the prototype and the most apropiate tools for it was the first
step. The objective was to design a faithful prototype as possible within the time constrains
before the final deadline. Therefore it was firstly chosen using flash to simulate the interaction,
and Adobe Flash CS 5 was the software selected for that purpose. The first aim with the flash
was to design a demonstration but without the option of interacting with it, because combining
both elements interaction and demonstration in flash needed working with code, and there was
not time enough to learn it. For that reason some designed screens were taken and introduced
into flash to animate them. After several ours of work, it was seen that gaining the necessary
wisdom to develop the animations in flash would take also a long period of time that was not



available. It was decided after a short discussion then that another way of designing the
prototype should be found.

Among all the different languages and software that would allow a simulation of the interface
and its interaction it was found that an animated PowerPoint would be enough for a short
simulation. Due to the time constrain, using this tool would be the more efficient way of testing
the interface without wasting many hours. Powerpoint 2010 for MAC was the tool selected to
work on the interaction. In figure 32 a picture of the work process in the animation with
PowerPoint can be seen.

AL Ge | B @ow sulll9 Tube G

wra sy rcinen  NOAROE D05

** ASSEMBLY SEQ.A21

Figure 34 Process of making the animation using Powerpoint

For animating the different screens of the interface and allow a small interaction among the
different screens there was needed to adapt the images for introducing them into PowerPoint.
As different parts of the same screens were going to be animated independently, different
layers with images were created from each screen. This process was done using Adobe
lllustrator CS 5 software and exporting the different layers into PNG-s (Portable Network
Graphics) to use them after in PowerPoint. The different layers were animated independently
and hyperlinks were used for the main interactions. The result of this work was shown in further
presentations, presentations at VOLVO among others, were people could try the small
interaction.

Despite the fact that feedback from VOLVO on this testing was going to be given after finishing
with the final degree project, the users reactions, satisfactions level and possible comments for
improvement would be very useful for future further development of the project. Therefore, due
to time constrains again, the testing and its consequences would not contribute to the actual
developers but it would be a starting point for the future.

The brief testing done by the actual developers of the idea showed that it was needed to work
more deeply on some points such as secondary menus, animations and detailing more the
different options and its possible interactions. Not all the icons were animated and all the
interactions were available so it was hard to evaluate the idea because of the limitations. The
result of the final demonstration was not satisfying, because all the limitations. That is why it
was also seen that even if the PowerPoint animation served for an approach to a
demonstration, it was not a real reflection of what it is expected from the final prototype.
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The development of the Interface for the DSS was conditioned by different aspects. At the
beginning of the project, the expectancies of the project were not coherent with the resources
given by the company and the knowledge of the developers. In addition, time constrained the
deepness of the final result. As the ideal outcome of the project was the testing of the final
concept, when the development phase was being done, it was realized that the process was
complex and that thorough dedication was needed to progress. The project’s thesis was divided
in different sections, which needs to be discussed separately.

> ($"&$ /(7

The literature review was a very theoretical research of previous knowledge in the study areas
that were found interesting for the further development of the project. Due to a lack of
knowledge of the structure that the thesis should follow concerning to referencing and forming
statements, the literature review became difficult to finish in the desired knowledge review.
Because of time planning of the project, it was decided to focus the attention in the parts that
were thought to be most relevant in the development of the product. Although the limitation of
information review, the collected literature is satisfactory.
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The analysis was done to complement the theory gathered in the literature review, this analysis
sections was important for the development because it was needed to focus directly in the
company and the product characteristics, instead of basing all the development in theoretical
aspects. As it was expected to have information source from interviews in Volvo Cars, those
were delayed until the moment that it was decided to continue without that information. Instead,
a self-study of the company, the user and the product was conducted, to focus the research to
the product itself. Although the data of this section is not academic and cannot be supported by
previous knowledge, it was very helpful to be more specific and user-oriented.

> [ + *-

The development of the product started from a blank page. There was no previous work neither
was specification briefing from the company, so the basis of the development had to be
established. This fact may have affected the objectivity of the final result, but the resources
available were not enough to be able to continue working. Nevertheless, there were meetings
with the supervisors representing the company to inform about the progress and to make
decisions for the best continuation of the development. Another obstacle that was needed to
overcome was the fact of being working in a reduced group. Although sometimes it facilitates
the decision making, to develop creativity processes the amount of ideas is reduced, because of
the lack of different points of view. Nevertheless, with effort, enough ideas were developed, in
order to have enough different ideas to be able to make a good choice. Once the final concept
was defined, the development of it took place. It was intended to use most of the information
gathered both in the literature review and the analysis, but the pacification was being delayed
because of the constant update of the task managing, so the idea was left one step back from
what is was expected. Although this limitation, when ideas where presented to the company by
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the supervisors, the result was described as “very thoroughly made and looks very good”.
Although of that, further development is need to be able to implement the concept into a
working product.
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The final prototype done using power point 2010 for testing the designed interface did not reflect
the whole real interaction and functioning of the interface. Due to that, the prototype did not
serve for carrying out the testing and receive feedback on it. It was therefore used to show an
approximation to the animation of the interface but not as a real prototype. The main reason of
developing the interface using that software was time constrain, because there was no time
enough to learn how to use another software for this purpose. Nevertheless, the testing of this
prototype could serve as a starting point for future developments. Moreover, if any corrections
or comments on it were made, they could be used as feedback for applying improvements.

>2 &%$0$?%1

As discussed before, a lot of work is needed to implement the concept into a real product. In
this thesis can be found wide information that was not used in the development of the time
constrains. The next step in the development of this product is to take the outcome of this thesis
and continue developing it using the data collected from the literature review and the self-study.
Examples of further work that need to be done are the specification of the final concept; there
was collected data about specific sizing of elements of screen, using formulas and measurable
facts to determine sizes but the deadline of the project forced to move on the next phases of the
project before having the sizing of elements done. Nevertheless, the information is gathered to
use it subsequently.

Finally further work is necessary for testing and evaluating the concept until it is suitable to be
used in the target environment.
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The developers of the project thought that the opportunity of working in collaboration with a big
company as Volvo was a great opportunity, and were satisfied to be able to work in it. Besides,
as industrial designers, this project was a great opportunity to spread the limits of knowledge,
working in interface design, which was an area where the team was quite inexperienced.
Sometimes the work was hard, due to the sensation that the work would never finish, but
establishing partial objectives helped to have the sensation of going forward. Finally, although
the final result was not as detailed as expected, the outcome was satisfactory for the available
time.
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Characteristics of a typical worker at VOLVO CARS Skdvde:
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Images of different VOLVO factories environments and performed tasks:
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Moodboards showing images of different portable devices interfaces examples:
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Moodboard that reflects examples of graphic design used by VOLVO company for different
needs?
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The following sheet shows the result of the CUT positioning method, the requirements
organized in the three main categories:
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The requirements are listed below on different categories:
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A Scheme showing what the final interface should include:
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The poster that includes different screens of this interface concept:
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The poster that includes different screens of this interface concept
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The poster that includes different screens of this interface concept
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Information about colour selection:
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Information about color combination
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Information about typography and visual conditions:
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Information about how to present information:
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The sheet where all the designed icons can be found:
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Storyboard showing how the DSS would be used in the factory during a normal shift:
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The scheme describing how the interaction among different screens is done:
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