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Abstract
Uniti Sweden AB has set the goal of reinventing the electric vehicle concept through the
introduction of their new vehicle, the Uniti EV. Within the objectives of the introduction
of the vehicle is the enhancement of the driving experience. The aim of this project is to
design the interface for the controls systems used while driving the Uniti EV. An initial
literature study was carried out to understand the basic principles of usability and its
link to user experience. In order to fully understand the function of each control, the
vehicle’s traditional interface was analysed. The applicable legislations for driveroperated controls were studied to provide guidance towards the interface’s feasibility.
Based on the gathered information, concepts were generated and evaluated through
usability testing. The final iteration provides meaningful elements that users can relate
and understand, enhancing the interface’s usability and user experience.
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1. Introduction
Cars have made a major impact in society since their introduction, shaping
infrastructure and mobility. While this represented progress as a result of being an
adequate solution for mobility, it has environmental implications. Such implications are
related to its manufacturing, use and disposal. The use of cars generate 27% of the
world’s greenhouse gas emission (EPA, 2017). The disposal of cars at the end of their
lives implies that around 25% of its components being considered as waste and
generally ending up as landfills (Kanari, Pineau & Shallari, 2003). This establishes a
challenge for the creation of new vehicles that aim towards ease of mobility while
considering the vehicle’s environmental impact.
In this sense, electric vehicles provide a solution for this complex problem. However,
switching from the traditional gasoline powered engine to an electric one means the
replacement of mechanical systems by electric ones. This generates changes in the
vehicle’s construction that enable a rethinking of its design. Replacing mechanical links
with electronic links grants the opportunity for considerable vehicle manufacturing and
packaging opportunities (Walker, Stanton & Salmon, 2015). Therefore, these newly
adopted systems generate the flexibility for the placement of the elements within the
Human Machine Interface (HMI) of the Vehicle.
This project follows the development of a new layout for the interface of an electric
vehicle in which the interface for the driver operated control systems need to be
determined, bearing in mind the cognitive and the physical aspects of usability in order
to enhance the user experience (UX).
1.1 Uniti Sweden AB
Uniti Sweden AB started as an innovation project at Lund University. Since January 2016
it is a start-up that chose to crowd fund because it reflects the openness that permeates
the project, much of the technology is developed open-source.
Uniti has set out to reinvent the electric vehicle concept completely, instead of
reworking and adapting the conventional car. Uniti is creating a premium short-range
electric city car with two seats in tandem, designed for sustainability with a futuristic
user experience.
The project “Interface Design for Driver Operated Control Systems” was developed at
the University of Skövde in collaboration with the company Uniti Sweden AB with
headquarters in Lund, Sweden. This is where they design and develop their first
prototype in order to launch their first car in 2020 the Uniti EV.
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1.2 Definition of the problem
The new technologies that are key for the development of the Uniti EV include a fullscreen augmented reality heads up display (HUD) and a steer-by-wire (SBW) system.
The inclusion of these technologies resulted in a new interface layout developed by Uniti
AB for the Uniti EV, see figure 1. This layout differs substantially from the traditional
layout found in most cars. Therefore, a new design for the driver operated control
systems is needed.

Figure 1. General outline of the interface for the Uniti EV
1.3 Objectives
The aim of the project “Interface Design for Driver Operated Control Systems” is to
generate a product-based solution that integrates the different inputs and outputs
related to the use of the control systems while driving.
Within the scope of the project is providing an ergonomically acceptable design of the
control systems by considering the cognitive and the physical aspects of humans in
order to enhance the user experience.
It is essential for the project to meet the functional requirements of the control systems
while taking in consideration regulations and legislations as well as technological
feasibility; without forgetting the company’s goal of providing a futuristic user
experience.
An important aspect to consider is providing a seamless interaction with the vehicle by
taking advantage of the interaction elements available in the HUD and central console.
For a successful development of the project, these objectives were considered:
•
•
•
•
•
•
•

Compare the relevant literature regarding user experience/user interface
(UX/UI) design with the user desires and the company’s request
Research on the applicable legislations for the L7e-C car, see description in
section 2.1
Research on the elements involved to provide a “futuristic user experience”
Development of task analysis for all control systems
Evaluating the generated concepts through user tests
Analysis of the existing interfaces for control systems
Ergonomic evaluation by performing physical fitting trials
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•
•
•
•

Validating the final design through user test
Generate a sustainability assessment of the designed elements
Create technical 2D drawings of the different parts of the final concept as well as
3D rendering that will help the final visualisation of the product
Build a presentation prototype to communicate the final design

1.4 The design process
The development of a design project demands an appropriate methodology that gives
structure and provides guidance along the process. The methodology’s structure should
be flexible in order to allow the improvement of the goals set for each of the stages of
the process (Cross, 2008). The first stage of the process is focused towards the
acquisition of information in order to define the problem. This enables the generation of
a set of specifications that must be fulfilled by the solutions in order to fully address the
problem. Design problems are widely recognised as being ill defined problems. It is
usually possible to take some steps towards the improvement of the initial definition of
the problem by questioning the client, collecting data, carrying out research (Cross,
2008). This stage includes literature survey and empirical studies.
In this project, the use of methods related to human centred design (HCD) have major
relevance. Shaping the objectives and enabling the fulfilment of the general aims within
the scope of the project. The methods of the HCD approach to be used for the
development of the project are: task analysis, focus group and user test. These methods
could provide a way to evaluate the interface’s solution by including users along the
process in order to validate if the solutions are understood and operated properly.
Physical fitting trial could provide a guide to position the elements by the inclusion of
user’s dimensions and opinions.
In addition to the methods used in HCD, the use of brainstorm as a creative method and
morphological chart as a rational design method are considered. Creative and rational
methods are complementary aspects of a systematic approach to design (Cross, 2008).
The environmental implications that a design can have must be something to think
about while designing. In this sense, the inclusion of a life cycle analysis (LCA) provides
a guide to defining some elements of the design. This method also enables the validation
and comparison of the outcomes of the different solutions in relation with their
environmental impact.
The generation of presentation material is required in order to communicate the
solutions that integrate the interface design. The different design methods are grouped
within the descriptive model of the design process stages (Cross, 2008), with the main
objective of providing general structure to the selected methods to carry out the project,
see figure 2.
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Figure 2. Design process

2. Background
In order to design the Uniti’s EV interface for the driver operated control systems, it is
important to understand the SBW technology and the elements that are part of the
vehicle’s interface. The concept HCD as well as basic definitions related to UX/UI,
cognitive and physical ergonomics are covered in this chapter. Finally, an overview of
the applicable legislations for the driver operated control systems and futuristic user
experience are included in this chapter.
2.1 Uniti EV
Uniti EV will be a short-range city car with two seats in tandem, designed for
sustainability with a futuristic user experience, see figure 3. Based on its specifications it
is classified as an L7e-C car (Commission regulation (EU) No 168/2013). The L7e-C
vehicle category stands for quadricycle, which is a four-wheel vehicle. Within the L7e
there are three subcategories of the L7e car types: A, B and C. The Uniti EV stands for a
L7e-CP type which is classified as a vehicle mainly designed for passenger transport.

Figure 3. Uniti EV. Adapted from unitisweden.com
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From the same regulation, a list of the main specifications of the L7e-CP car was
generated:
•
•
•
•
•
•
•

Four-wheel vehicle
The mass for the CP must be ≤ 450 kg (transport of passengers)
The max speed should be ≤ 90 km/h
The maximum continuous rated power should be ≤ 15 kW
Enclosed driving and passenger compartment accessible via maximum three
sides
The dimensions in Length, Width and Height should be ≤ 3700 mm, 1500 mm
and 2500 mm
Four non-straddle seats

2.2 Steer-by-wire
The steer-by-wire (SBW) system converts driver inputs into a signal that controls
electrical servo devices. These servo devices are the ones that steer the road wheels
instead of the mechanical link between the steering wheel and the road wheels (Walker,
Stanton & Salmon, 2015). The inclusion of a SBW system means that the mechanical link
between the steering wheel and the wheels is removed. The Uniti EV will have a SBW
system, which also has a positive cost related effect on the vehicle. Electronic SBW
systems are completely self-contained and do not require external pumps or hoses. This
means that they are usually less expensive than hydraulic steering when the cost of the
pump, valve, hoses and fittings are taken into account (Thomson, 2017).
This technology benefits skid control, handling management, increases manoeuvrability
and allows the vehicle to adapt to a wider range of road conditions. A SBW system
means that the vehicle’s steering intermediate shaft is removed, and as a consequence, it
offers greater front compartment packaging flexibility (Mitchell, Borroni-Bird & Burns,
2015). The removal of intermediate shaft simplifies the assembly between the body and
the chassis (Mitchell, Borroni-Bird & Burns, 2015). The inclusion of a SBW system
allows an optimal positioning from the point of view of ergonomics and safety (Walker,
Stanton & Salmon, 2015). Nevertheless, control systems must be designed with care to
ensure that behaviour that differs from conventional vehicles does not invite driver
anxiety or improper operation (OMAE et al., 2006). This could be a potential drawback
that has not been solved yet in order to fully incorporate this system to current vehicles.
The failure of the Nissan Infiniti Q50 provides an example of why this technology is not
available in other vehicles. In 20th November 2013, the U.S. National Highway Traffic
Safety Administration (NHTSA) issued a recall of 23 Nissan 2014 Infiniti Q50 cars due to
the susceptibility of its inherent software, disabling steering in cold temperatures (Goh
and Case, 2016).
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2.3 General outline of the interface
The steering interface of the Uniti EV is designed to be driven with two controllers. In
order to achieve this new interaction, the company has limited the steering controllers
for input leaving force feedback as the only output, see figure 4.
The console will have all the non-critical inputs and outputs mostly based on a touch
screen. The heads up display (HUD) is a see-through display that acts as an overlay
placed on top of the road ahead. It provides the user the relevant outputs related to
driving, while performing this task.

Figure 4. Interface elements. Adapted from unitisweden.com
2.4 Human Centred Design
Usability is an important factor that needs to be addressed for the development of a
successful design (Hartson & Pyla, 2016). In this case usability is key for the project’s
development due to its direct implications upon the success a user can have while
performing a task within the interface. This has a positive impact upon the general
experience of using the interface. Usability can mean the difference between wanting to
perform or completing a task in a successful way without any frustration (Issa & Isaias,
2015). Furthermore, usability has a major role within the development of the interface
regarding user’s safety. Usability is often a matter of life or death, thousands of deaths
per year are related to drivers being distracted by overly complex designs
(Nngroup.com, 2017).
As a result of usability’s importance within the development of the interface, human
centred design (HCD) is an appropriate approach to the project. The achievement of
usability within system design requires careful planning of HCD processes (Maguire,
2001). HCD is the process of ensuring that people’s needs are met, that the resulting
product is understandable and usable, that it accomplishes the desired tasks, and that
the experience of use is positive and enjoyable (Norman, 2013). HCD is an approach that
6

puts human needs, capabilities, and behaviour first, then designs to accommodate those
needs, capabilities, and ways of behaving (Norman, 2013).
2.4.1 Ergonomics
Vehicle design should involve not only designing all the physical components that fit and
function well, but also making sure that the user is considered to be a human factor and
the user’s characteristics are measured and used in designing a car (Bhise, 2012).
Involving users as a human factor throughout the development of the interface could
assure that the vehicle will meet the users’ needs related to comfort, convenience and
safety (Bhise, 2012). Therefore, contemplating users’ cognitive and physical
characteristics through the inclusion of ergonomics is a determining factor for the
achievement of the project’s objectives. The inclusion of ergonomics could lead to the
improvement of the interaction between the users and the interface. The purpose of
ergonomics is to enable a work system to function better by improving the interactions
between users and machines (Bridger, 2008).
2.4.1.1 Physical ergonomics
The goal of physical ergonomics is to optimise the interaction between the human body
and its surroundings (Bridger, 2008). The solutions for the interface must consider the
physical effects they have on the user bearing in mind reachability, comfort, and
providing enough clearance between the interface and its users. Matching product and
user dimensions is mainly important for reasons of safety, health and usability (Bridger,
2008). For this reason, physical ergonomics is relevant for the determination of the
control systems placement within the elements of the interface.
The inclusion of physical ergonomics could provide a guide to evaluate the
measurements to be considered for a proper reachability of all the control systems.
When designs are able to be assessed in virtual environments, Digital Human Models
(DHM) are suitable for evaluating physical ergonomics. DHM is used to ensure that
ergonomic considerations will be taken into account as soon as possible during the
design process in a 3D environment. It allows for design changes when those are easy to
make and inexpensive to make (Gkikas, 2016).
Nevertheless, due to the high level of complexity of the postures to be generated by
using DHM, it was decided to use fitting trials for the development of the selected
concept. The use of fitting trials is a common technique in ergonomics evaluation
(Pheasant & Haslegrave, 2005). A fitting trial is an experimental study in which a sample
of subjects use an adjustable mock-up of a workstation in order to make judgements as
to whether a particular dimension is ‘too big’, ‘too small’, or ‘just right’ (Pheasant &
Haslegrave, 2005).
2.4.1.2 Cognitive ergonomics
A clear understanding of the users is a key element for the development of the interface.
Without a deep understanding of people, the designs are apt to be faulty, difficult to use
and difficult to understand (Norman, 2013). Therefore, the cognitive ergonomics of the
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vehicle’s operation is relevant for the development of the Uniti’s EV interface ultimately
enabling usability by generating a design that can be understood.
Arbitrary knowledge can be classified as the simple remembering of things that have no
underlying meaning or structure (Norman, 2013). The interface should avoid being
arbitrary in order to simplify the task by providing a meaningful structure that can be
understood by the users’ previous knowledge. Most things in the world have a structure,
which tremendously simplifies the task (Norman, 2013). When things make sense, they
correspond to knowledge that we already have, so the new material can be understood
(Norman, 2013).
Short term memory (STM) can be linked to a temporary store in which small amounts of
information are briefly retained while a particular mental or physical operation is
carried out (Bridger 2008). In this sense driving is a task that requires physical and
mental operations to be carried out while receiving constant feedback from the
environment, which can lead to an overload of information. STM is characterized for
being limited and therefore susceptible to overloading (Bridger 2008). Nevertheless, the
limitations of STM can be mitigated by using different sensory channels, thus
diminishing mental workload (Norman, 2013). To maximize efficiency of working
memory it is best to present different information over different modalities: sight,
sound, touch (haptic), hearing, spatial location, and gestures (Norman, 2013).
The information retrieved for the use of the control systems comes from long term
memory (LTM), which is related to the knowledge the user already has about driving
and it uses it while performing the task. This knowledge has been built upon driving
behaviour, which takes time to be created. LTM contains structures built up through
learning in which new data can be embedded (Bridger 2008). Information in LTM can be
written to working memory to be operated on (Bridger 2008).
A lack of feedback creates a feeling of lack of control, which can be unsettling (Norman,
2013). Therefore, feedback is an important factor to be considered due to its high
relation with users’ performance regarding the functions of the control systems. The
feeling of lack of control changes the emotional state of the user generating a direct
impact on the task performance (Norman, 2013). However, in a certain level this can
provide focus thus improving safety (Norman, 2013). A brain in a negative emotional
state provides focus: precisely what is needed to maintain attention on a task and finish
it. Both the positive, relaxed state and the anxious, negative, and tense state are valuable
and powerful tools for human action. The extremes of both states, however, can be
dangerous (Norman, 2013).
2.5 UX/UI
User interface (UI) focuses on selecting the right elements for the task the user is trying
to accomplish and arranging them in a way that will be easy to understand and easy to
use (Garrett, 2011). On the other hand, user experience (UX) requires the exact
fulfilment of customer needs. UX focuses on providing products that are a joy to own
and use (Nngroup.com, 2017). In this sense, even if the UI is perfect a poor UX can be
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delivered to the user (Nngroup.com, 2017). This is mainly because UX is a broader
concept than UI (Nngroup.com, 2017).
2.5.1 User interface
The interface of the Uniti EV is different in terms of hardware and therefore its
interaction with the user. Hence the need of designing an interface for the driving
operated control systems that fits this new outline. If the users’ conceptions of the
interface are compatible with their conceptions of the task, then the interface will be
‘transparent’ to the user when the task is performed (Bridger 2008). In this sense,
following drivers’ conceptions regarding the use of control systems could ease the
overall comprehension of the interface. The interface should be consistent and follow
standards so it doesn’t lead to misunderstanding (Nielsen, 2017).
Therefore, the elements that integrate the interface must display patterns that the user
can relate and understand. The German Gestalt psychologists stated that the way stimuli
are structured determines how they are perceived (Bridger 2008). They identified a
number of laws by which the perceptual system was organized, these laws provide a
framework for elementary discussion of the design of visual displays (Bridger 2008).
Considering Gestalt laws within the interface’s design provides a way to organize the
interface’s elements in an identifiable set of patterns for the users.
Bearing in mind that the interface should constantly provide feedback and it requires
physical input from the user, a direct manipulation type of interface could be the most
suitable for the control systems. In direct-manipulation interfaces, the objects and
actions of interest are shown continuously. Users generally point, click, or drag rather
than type, with feedback indicating change is immediate (Shneiderman & Plaisant,
2005).
2.5.2 User experience
Delivering the best experience while interacting with the driver operated control
systems, is a matter of major relevance for Uniti AB. UX considers the wider relationship
between the product and the user in order to investigate the individual’s personal
experience of using it (McNamara & Kirakowski, 2006). Therefore, UX goes beyond task
fulfilment, it considers usability within context. As a result of this, the possible outcomes
from the interaction with the interface are considered. Usability occurs within the
context of a particular usage by a particular user, the same design but used in a different
context could lead to a different UX (Hartson & Pyla, 2016).
Testing the interface through formative evaluations gives a grasp of what users are
experiencing while trying the product; by knowing their thoughts, behaviour and
frustrations towards the interface (Rubin & Chisnell, 2008). Formative evaluation is
primarily diagnostic, it is about collecting qualitative data to identify and fix UX
problems and their causes in the design (Hartson & Pyla, 2016). Think Aloud is a wellknown technique used to carry out formative evaluations, due to its contributions
towards the improvement of the interface based on the user’s experience with it. The
Think Aloud technique is a qualitative data collection technique in which user
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participants verbally externalize their thoughts about their interaction experience,
including their motives, rational, and perceptions of UX problems (Hartson & Pyla,
2016).
In addition to the iterative process of testing the interface by performing formative
evaluations, the use of summative tests will provide quantifiable information regarding
the success rate of the interface. Summative evaluation is about collecting quantitative
data for assessing a level of quality due to a design, especially for assessing
improvement in the UX (Hartson & Pyla, 2016). Qualitative data is non-numeric and
descriptive data, usually describing a UX problem or issue observed or experienced
during usage (Hartson & Pyla, 2016). On the other hand, quantitative data is numeric
data, such as user performance metrics or opinion ratings (Hartson & Pyla, 2016).
One way to provide a scenario that simulates the interface in a similar way to its
intended context and functionality is the Wizard of Oz method. The Wizard of Oz
prototyping technique is a deceptively simple approach to the appearance of a high
degree of interactivity and highly flexible prototype (Hartson & Pyla, 2016). The Wizard
of Oz technique consists of creating the illusion of a working system, but the system is
controlled by a human “wizard” that performs the actions of the system (Buxton, 2011).
This method was selected based on the implications that generating a fully functional
simulation of the interface has in terms of cost and time. Wizard of Oz is useful for
prototyping systems that would otherwise be too costly to build or that require new
technology applications (Wilson & Rosenberg, 1988).
2.5.2 Futuristic user experience
Within the main objectives of Uniti AB towards the definition of their UI is delivering a
futuristic user experience. Providing a futuristic experience has a close relation with the
expectations of the future technology that society forecast. Technological expectations
can more specifically be described as real-time representations of future technological
situations and capabilities (Borup et al., 2006). The fictional technology seen in science
fiction sets audience expectations for what exciting things are coming next (Shedroff &
Noessel, 2012). Therefore, a look into the material presented in conceptual work and
science fiction may provide a guide related to the expectations of the futuristic user
experience in a vehicle.
Human-machine interactions represented in science fiction films have the possibility to
indicate a big suggestion to our UI design in the near future (Iio, Iizuka, & Matsubara,
2014). A tool used to gather visual references regarding the interface design in the
future is the use of mood boards that reflect visually the concept of futuristic user
experience. Mood boards are tools used by designers to bring together apparently
incongruent visual data to promote inspirations to develop suitable end products
(Cassidy, 2011). They provide a “space” to arrange the collected visuals in a meaningful
manner to the designer that enables the flow of thoughts, inspirations, and creativity for
design outcomes (Cassidy, 2011).
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2.6 Legislations
Legislations are important for the development of this project, specifically to ensure its
feasibility for the application in the vehicle. The applicable legislations were reviewed in
order to find the regulations that could restrict the design of the interface for the control
systems used while driving.
Within the outcomes from the research made on legislations is the mandatory inclusion
of the eCall system by the year 2018. The integration of this system involves the
inclusion of an input that must be activated in case of emergency (Commission
delegated regulation (EU) 2017/79). The eCall system will not be further examined
here, but will need to be integrated into the Uniti EV.
The regulations that can be seen in table 1 were retrieved from the Annex VIII. This is
based on the article 12 of the Commission delegated regulation (EU) No 3/2014, which
establishes the requirements that apply to driver-operated controls including
identification of controls, tell-tales and indicators. Symbol proportions are also defined
by article 12, see figure 5.

Figure 5. Symbol proportion. Adapted from Commission delegated regulation
(EU) No 3/201
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Table 1. Applicable legislations
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3. Preliminary study
In this chapter, the elements that integrate a conventional vehicle’s interface are
mapped and the functions to be developed are selected. Task analyses of the selected
functions within the vehicle and of non-vehicle related interfaces, are included in this
section. Visual references of the Uniti EV regarding general aesthetics are presented in
the section 3.7 of this chapter.
3.1 Function Map
Figure 6 is a map that has the main purpose of providing a general overview of the
different control systems. This map is based on the current array of control systems
that can be found in common vehicles and are classified within the main areas of
operation: cluster, levers, steering wheel and console. The different senses involved in
the use of these controls systems were placed in the map, next to each function as inputs
and outputs in order to keep track of the communication channels used to interact with
the driver. All inputs that require haptic feedback while been activated were classified
as haptic sense. In other words, the user needs to touch the interface elements and
receive instant feedback in order to activate the function. For the visual sense, the
outputs that need to be recognized through vision are included. This means that in order
to operate these functions the user needs to be able to identify and understand the
presented elements through vision and receives visual feedback from the system as an
output. For the auditory sense, the outputs need to be recognized through sound
emission of the system in order to provide feedback to the user and voice recognition as
an input. Finally, for the kinaesthetic sense the output from the vehicle’s motion is
included as feedback to the user. This is particularly applied to the speedometer and
cruise control, having speed as feedback. Kinaesthetic sense refers to the awareness of
limb positions, movements and muscle tensions (Tan & Pentland, 1997).
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Figure 6. Control systems map. Adapted from http://freedesignfile.com
3.2 Focus group with members of the company
A focus group was conducted at the headquarters of the company, with members of the
different teams in charge of developing other systems of the vehicle. This had the main
objective of knowing which control systems will be part of the specifications of the Uniti
EV. The focus group method is useful to gather requirements and can help to identify
issues, which need to be tackled (Maguire, 2001). The general idea is that each
participant can act to stimulate ideas in the other participants, and that the collective
view becomes established (Maguire, 2001). Focus groups helped to define the control
systems to be included in the interface, but the functions that are part of each control
system required further definition and this method is not suitable for that purpose. The
focus group method should not be used as the only source of usability data, as it is a
poor method for evaluating interface usability (Nngroup.com, 2017).
After comparing the control systems map and the general outline of the interface for the
Uniti EV, the participants of the focus group determined the control systems that need to
be considered for the development of the interface. The control systems to be
considered are: audio controls, cruise control, driving modes, turn signals, windshield
wipers, hazard lights and horn. Within the scope of the focus group was gathering
information of new functions that could be implemented by the company in the vehicle.
This resulted in the conclusion that there is no need to add new driver operated
systems.
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3.3 Task Analysis
With the determination of the required control systems, further analysis of each of the
control systems was made by creating a task analysis. Task analysis can be defined as
the study of what a user is required to do in terms of actions and/or cognitive processes
to achieve a task (Maguire, 2001). Task analysis helped to map the operations required
to use the control systems. Task analysis provides a comparison between the demands
that each task places on the human operator and the capabilities the human operator
possesses to deal with the demands (Bhise, 2012). Task analyses were generated by
looking through video sequences in which the control systems were being used or
explained. After analysing a cruise control video sequence (Teslavangelist, 2015), it was
found that it requires a large number of operations needed to activate its functions.
Therefore, users need to learn all the specific commands in order to activate certain
functions, see figure 7.

Figure 7. Cruise Control task analysis. Adapted from Teslavangelist, 2015
In some control systems, the activated function gives the driver a direct and clear
output, as is the case of the horn and the windshield wipers which serve as an output.
On the other hand, after the driver activates turn signals and hazard lights, the function
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does not serve as an output for the driver. Therefore, these functions require to be
reinforced by visual signals in the cluster as well as sounds in order to indicate that the
function has been activated and that it is currently operating. The detailed diagrams of
the task analysis can be seen in Appendix A.
3.4 Control systems positioning map
After consulting with experts from Uniti AB, a preliminary placement map for the
control systems was made. The control systems were divided into the inputs and
outputs related to their use and they were placed within the general outline for the Uniti
EV, see figure 8.

Figure 8. Positioning Map developed with the company
This map had the main purpose of generating a guideline for the placement of the
control systems. In this map, some of the control systems are not defined to a certain
position and therefore the information from this map needed validation with users
bearing in mind the general outline for the Uniti EV interface. It is important that this
positioning is made in a rational way to ensure the adequacy of the control systems
placement. To assess the choice’s validity other participants can be involved, such as
clients, managers and colleagues, in the decision-making (Cross, 2008).
3.5 Validation for positioning
A user test was conducted by using low-fidelity prototyping. With the main purpose of
contrasting and validating the companies’ view for the positioning of the control
systems within the new outline of the interface. A low-fidelity prototype is useful
because it tends to be simple, cheap and quick to produce (Rogers, Sharp, & Preece,
2011). Low-fidelity prototypes are good for testing the cognitive aspects of the design
such as the layout of controls and displays (Hall, 2001). Low-fidelity prototyping is fast

16

and cheap to produce. This flexibility makes it suitable for the testing methods
considered for the interface development mentioned in section 2.5.2.
The user test was conducted at the University of Skövde with twenty participants that
are regular drivers. The test started by presenting the participants a one minute video
that explained the general components of the interface and the way the user interacts
with them. After the explanation of the interface, they were presented to the task of
placing the control systems (audio controls, cruise control, driving modes, turn signals,
windshield wipers, hazard lights and horn). The placement was done using a low-fidelity
prototype that consisted of the console and the steering attached to a regular desk and
facing a whiteboard where the HUD was simulated, see figure 9. The participants had
several icons that were used to indicate inputs and outputs, and were added to the
prototype by using adhesive tape.

Figure 9. Low-fidelity prototype
The test was conducted considering that it would be based on the reflective level of
cognition of the participants regarding driving. Reflection is cognitive, deep, and slow.
(Norman, 2013). It often occurs after the events have happened. The reflective level
involves looking back over previous events, evaluating the circumstances, actions, and
outcomes (Norman, 2013).
The subjects placed the inputs and outputs based on their preferences and previous
driving experience. Despite gathering subjective data, the test is mostly focused on
quantifying the participants’ preferences towards the positioning of inputs and outputs
of the control systems. This was done by tracking the amount of times that each function
was placed in a specific position. The results of the preferred placement for inputs and
outputs were placed in a new map, see figure 10. The detailed values of the preferred
placement for each control system can be seen in Appendix B.
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Figure 10. Placement map based on user preference
As it can be seen in the new placement map, some of the control systems could not be
defined in a specific position. This is a consequence of the variation of the results
regarding the position and sensory type of output expected from the control systems.
The variation could be a result of the different driving habits of each of the participants,
due to the lack of common structure while learning how to drive and later on while
driving. Nevertheless, the test provided a vision of the participants’ preferences
regarding the position of the control systems.
3.6 Task analysis of current interfaces
Task analyses were made on diverse types of interfaces by making operational sequence
diagrams. These analyses had the objective of gathering information about the
innovative elements that the different interfaces have regarding UX and UI. Task
analysis serves as reference material to enhance the understanding of the humansystem involvement (Kirwan, 1992).
From the task analysis, many ideas were identified as suitable for being adapted to the
interaction of some of the control systems of the vehicle. The interfaces that were
analysed are designed for different objects and therefore the direct application of their
interactive elements is not possible. Nevertheless, these analyses served to identify the
solutions that the different interfaces provide to guide users and avoid mistakes. The
diagrams can be seen in Appendix C.
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3.7 Visual References
Visual references regarding the overall aesthetics of the Uniti EV were gathered and
arranged in a mood board that focuses on the elements used within the vehicle such as
geometrical definition, textures and typography. In addition, similar visual references
were gathered from other objects that share the same values, see figure 11. The colours
for the general outline of the interface were previously established by Uniti AB, see
figure 12.

Figure 11. Uniti EV references mood board. Adapted from unitisweden.com;
antonioli.eu; roadbikereview.com; local.sec.samsung.com; jp.pinterest.com;
reddit.com

Figure 12. Interface colours defined by Uniti AB
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The second mood board focused on the acquisition of colour material and finish
references that are related to the vehicle. Providing a guideline to generate a pleasant
integration with the rest of the Uniti EV, see figure 13. The third mood board focused on
gathering visual elements that are related to a futuristic user experience such as
geometrical patterns, typography, interaction elements and colours, see figure 14. The
acquisition of visual references through mood board generation enabled the definition
of guidelines to be followed in order to achieve aesthetic coherence with the design of
the vehicle.

Figure 13. Colour material and finish mood board. Adapted from
unitisweden.com; dreamwallsglass.com; geekguides.co.uk; apple.com;
lemanoosh.com
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Figure 14. Futuristic user experience mood board. Adapted from
rizign.deviantart.com; behance.net; protectionbay.com; digitaltrends.com; graphic
river.net; ziiiro.com

4. Product specification
Information was gathered from literature survey and preliminary studies. This
information was helpful when trying to set the constraints or limitations for the design
problem. The performance specification method provides a clear and understandable
way to determine the general limitations for the generation of solutions. The
performance specification method is intended to help in defining the design problem
(Cross, 2008). The specifications can be seen in table 2. The table was made by gathering
information from the company, user tests and literature survey. The level of
specification of the table is general, allowing conceptual generation to be flexible. This
table will provide guidance while evaluating the different conceptual outcomes of the
generation stage, supporting the selection of the best solutions considering the specified
constraints. Nevertheless, the legislation constraint will not completely define the
generation of solutions, this is in accordance with the company’s wishes.
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Table 2. Design specification
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5. Concept Generation
In this chapter solutions are generated for each of the identified driver operated control
systems. The solutions are integrated in concepts that aim to fulfil the demands and
wishes presented in table 2. The concepts are illustrated in section 5.3, and a final
concept is selected for further development. The selected concept is tested through
formative evaluations and several iterations are generated based on participants’ input.
The positioning of the interface elements is based on the results of the physical fitting
trial presented in this chapter. Validation of the interface through summative evaluation
is included in section 5.5.
5.1 Idea generation
A brainstorming session was conducted for the first stage of concept generation. This
was decided due to the great amount of ideas that can be generated with an appropriate
level of divergence for an early stage within the concept generation process.
Brainstorming is a method for generating a large number of ideas, most of which will be
discarded, but with novel ideas being identified as worth following up (Cross, 2008).
During this session only the two authors of this project were involved. Several ideas
were generated regarding inputs and outputs for the different control systems and they
were written on a board. The ideas were generated as individual solutions for each
function and considering that they were sub solutions of the main system that needed to
be integrated afterwards in the process.
The ideas were classified by the system they belonged to: audio controls, cruise control,
driving modes, turn signals/blinkers, windshield wipers, hazard lights and horn, see
figure 15.

Figure 15. Board generated in brainstorming session
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5.2 Morphological Chart
The use of a morphological chart was deemed appropriate to continue with the
generation of concepts because it provides an overview of the solution space. It also
enables the systematic generation of diverse concepts that contemplate all the solutions
generated for each function. The main aim of the morphological chart method is to
widen the search for possible new solutions. Different combinations of sub solutions can
be selected from the chart, leading to new solutions that have not previously been
identified (Cross, 2008).
The solutions generated in the brainstorming session were placed in the chart as sub
solutions for the entire system. The sub-solutions were combined to generate concepts
that integrate all the control functions within the entire system. The criteria followed for
the combination of the different sub-solutions are based on the company’s wishes and
its difference with the legislative requirements, see section 4. This difference has a
significant impact upon the final combinations, as a result of the company’s wish of
reducing the number of elements and symbols. On the other hand, the applicable
legislations establish the need for symbols and restricts some of the elements of the
interface. Considering these differences, it was decided to generate three concepts that
part from different combinations and are oriented to cover mostly either the legislative
restrictions or the company’s wishes. Concept one is a combination between the
legislative requirements and the company’s wishes. Concept two is oriented to fulfil the
company’s wishes. Finally, concept three is oriented to the complete fulfilment of the
legislative requirements, see figure 16.
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Figure 16. Morphological chart and combinations
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5.3 Concept one
Concept one includes physical interactive elements such as a slider to switch between
different driving modes and a button for the horn. The HUD area only shows temporal
modes constantly but in the case of a continuous mode like drive or park they fade out.
This means that the user will receive feedback when an unusual mode is activated. On
the other hand, when a mode is continuous it will not appear constantly in order to
avoid cluttering the HUD. Concept one uses buttons for the horn and the hazard lights.
For more details of these functions, see figure 17.

Figure 17. Concept one’s operation details of: horn, hazard lights and driving modes
A haptic touch panel is used for audio controls. In this haptic touch panel, the controls
fade away when the sides of the steering elements are pressed. When this happens, the
windshield wipers and turn signals are enabled instead, these functions can be activated
by pressing the icon that appears in the haptic touch panel. When turn signals are
activated they are displayed in the upper area of HUD, when cruise control is activated
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an icon is displayed next to the vehicle’s current speed. Concept one also incorporates a
physical scroll surface for cruise control functions, for more details of these functions
see figure 18.

Figure 18. Concept one’s operation details of: windshield wipers, cruise control and
turn signals
After the cruise control scroll surface is pressed, the resume and cancel functions are
enabled when the steering is pressed and can be activated by pressing the icons in the
haptic touch panel. When the automatic windshield wipers of the vehicle are activated
the speed controls for the windshield wipers are enabled in the haptic touch panel and
speed can be regulated by dragging the windshield wiper icon towards the minus or
plus icons. The icon needs to be pressed for a single wipe. For more details of these
functions, see figure 19.
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Figure 19. Concept one’s cruise control and windshield wipers operation details
5.3.1 Concept two
Concept two avoids the addition of more elements to the general interface, as this is a
matter of concern for the company. The positioning of the hazard lights remains the
same as in the previous concept, but instead of using a physical button for the hazard
lights it uses a haptic panel mounted on the upper area of the console. Driving modes
can be accessed through a button located on the right side of the console, which displays
the different driving modes on the console’s screen after being pressed. A full hand
gesture on the screen surface activates the horn. The HUD use remains the same as in
concept one. Details of these functions can be seen in figure 20.
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Figure 20. Concept two’s operation details of: horn, hazard lights and driving modes
Concept two shares the idea of enabling functions by pressing the sides of the steering
elements with concept one, but the input of the function is different. Instead of pressing
a button on the haptic touch panel for activating the turn signals, it recognizes a swipe
gesture on the surface as an input. Concept two eliminates the use of buttons for cruise
control. To activate cruise control, the steering elements are dragged outwards, to
deactivate cruise control the steering elements are dragged inwards. Audio controls are
activated by gestures in the console’s screen. Details of these functions can be seen in
figure 21.

29

Figure 21. Concept two’s operation details of: windshield wipers, turn signals, cruise
control and audio controls
The cruise control functions are displayed in the haptic touch panel once cruise control
is enabled and they can be used once the sides of the steering elements are pressed.
When the automatic windshield wipers of the vehicle are activated the speed controls
for them are enabled in the haptic touch panel and pressing either the minus or the plus
icons can regulate speed. For a single wipe the windshield wiper icon needs to be
pressed. For more details of these functions, see figure 22.
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Figure 22. Concept two’s cruise control and windshield wipers operation details
5.3.2 Concept three
Concept three follows the same principles for horn, driving modes and hazard lights as
concept one, which can be seen in figure 16. Even though concept three shares
similarities with concept one, it focused on following strictly the legislations found in
section 2.6. For this reason, the functions must be displayed by the icons all the time.
This differs from the previous concepts that use functions that are enabled by pressing
the steering elements. In this concept buttons are used for each function instead. For
more details of these functions, see figure 23.

Figure 23. Concept three’s operation details of: windshield wipers, cruise control,
turn signals and audio controls
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5.4 Concept evaluation
The illustrations of the concepts were presented to Uniti AB through a video-conference,
each of the solutions was explained in order to receive feedback. At the end of the
session, it was agreed that all the sub functions that integrate the concepts needed
further evaluation to ensure the usability of the concepts, especially the ones related to
the use of haptic touch controls, the pressure enabled functions and the sliding switch
for driving modes.
Concept one had the advantage of having the most varied solutions that can be tested
and therefore it was selected for validation. This selection was made considering that
this concept included solutions that used physical elements as well as solutions that
used tactile elements. Therefore, concept one could provide more information regarding
the effectiveness of both types of interfaces. In addition to the advantage of being able to
gather information about the two types of interface elements, concept one is also placed
in between the other concepts regarding the number of symbols used. Thus, providing a
way to test if more symbols were needed or if symbols could be removed. Nevertheless,
this decision was made bearing in mind that previous solutions can be added to the
concept if one of the elements fails the evaluation process by the procedures mentioned
in section 2.5.2.
5.4.1 First user test
The first approach towards concept evaluation was to gather qualitative information
from the participants. The Think Aloud protocol mentioned in section 2.5.2 was selected
to conduct the first user test. A mock-up of the interface’s concept was built in order to
conduct the user test. The mock-up included the sub-solutions that integrate concept
one mentioned in section 5.3, except for the sliding switch for driving modes (DM2). Its
removal was based on Uniti AB’s feedback and was replaced by a haptic touch panel
instead and simulated with a printed label. The mock-up consisted of a central console
with two steering controllers and a base that made it stand on its own in a stable
position. This enabled the possibility to interact with it placed on top of a table, see
figure 24.

Figure 24. Mock-up placement
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Uniti AB did not specify the console’s height. Therefore, it was decided to place the
mock-up on a 75 cm height table to simulate a height that allowed the interaction with
the interface. This helped to avoid problems with the participant’s popliteal height in
relation to the console’s bottom area. This height was considered from the floor to the
console’s bottom surface. The steering controllers were linked to the console’s base with
a rubber band, allowing the participants to manoeuvre them. A button placed between
the controller’s outer layer and its main structure simulated the functions that required
pressing the steering controllers. When participants pressed the controllers, led lights
placed underneath the controller’s upper surface lit up functions that were not
previously visible. When the cruise control switch was activated, cruise control
functions were made visible, see figure 25.

Figure 25. Pressure enabled functions simulation
The test was conducted at the University of Skövde and included five participants who
were selected based on the following criteria:
•
•

Drive between one and two hours daily to be considered regular drivers
(Pasaoglu et al., 2012)
Operational knowledge of cruise control was also required to take the test

The setup made for the test consisted of:
•
•

One moderator guiding the user test with a script
One observer writing down the important user’s thoughts and recording the
entire test

Participants received an introduction to the general elements of the interface and their
functions. Participants were told to maintain a constant interaction with the steering
controllers to simulate a scenario of real usage. Participants were given tasks that
required the use of the control systems, but they didn’t receive a direct instruction to
use a certain function. The detailed script with the list of tasks can be seen in Appendix
E.
After testing the concept with five participants, reflections were made upon the
concept’s usability based on the interaction that the test subjects had with the mock-up.
Also, it was considered if they succeeded or failed to complete the task without any
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further instruction. Table 3 depicts the results of the first concept evaluation with the
Think Aloud protocol.
Table 3. Concept one results

Some patterns were identified from the observations that were made on the
participants’ interaction with the mock-up and their comments while performing each
task. These patterns are:
•
•
•
•
•
•
•
•

Participants struggled to identify how to start the vehicle and engage the driving
mode
Participants struggled to find the hazard light button due to its distance from the
users’ attention area
Participants succeeded in activating the printed functions that belonged to
music controls, see table 3
Participants identified the enabled functions as outputs rather that inputs due to
inconsistency with the printed inputs
Participants failed to activate cruise control due to the placement of its symbols
that were part of the pressure enabled commands
Participants hesitated while using the horn as a result of having to press the
console’s touchscreen
Participants struggled to identify how to use the pressure enabled functions
Participants found the steering controllers oversized

5.4.2 Second user test
For the second user test the Think Aloud protocol was also followed. Additionally, to this
similarity the following elements were reused:
•
•
•
•
•

Setup
Participant screening criteria
Number of test participants
Location
Script
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The first iteration of the interface was created based on the results from the first
concept evaluation. The changes made to the mock-up for the first iteration include:
•
•
•
•
•
•
•
•
•

A button on top of the console’s screen to provide an area that can be pressed to
activate the horn
A screen was added to help differentiate elements within the console
Following the horn button’s geometry, the hazard lights function was placed in
the left side of the screen and driving modes function was placed on the right
side
The button used to enable functions of the steering controllers was changed to
highlight the existence of a button
The steering controllers’ overall dimensions were reduced by 6%
Functions that were part of the haptic touch elements of the controllers were lit
up
Physical buttons and dedicated interface elements were printed as icons
The cruise control and windshield wiper functions were placed as physical
buttons within the steering controllers
The turn signal function was replaced by a thumb swipe gesture on the haptic
touch panel

Some of the changes made to the mock-up integrated solutions generated previously,
mentioned in section 5.2. The changes made to the mock-up can be seen in figure 26.

Figure 26. First iteration of concept one
After testing this iteration of the interface, reflections were made upon its usability
based on the interaction that the participants had with the new mock-up. Success
criteria was considered based on task completion without any further instruction. Table
4 displays the results of the second concept evaluation.
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Table 4. First iteration results

Some patterns were identified from the observations that were made on the
participants’ interaction with the mock-up and their comments while performing each
task. These patterns are:
•
•
•
•
•

Participants struggled to identify the horn due to the absence of a symbol over
the horn button
Participants turned off cruise control by braking rather than by using either the
off or cancel options
Participants tried to use the console’s screen as an input for the audio controls.
Participants struggled to identify how to start the vehicle
Participants identified the pressure enabled functions as being activated after
adding pressure to the steering controllers

5.4.3 Third user test
The Think Aloud protocol was also used for the third user test. For this test, the test
subjects received a brief introduction to the use of all the control systems; expecting that
if they were given a previous explanation of the pressure enabled functions they will be
able to use them properly. The following elements were reused:
•
•
•
•
•

Setup
Participant screening criteria
Number of test participants
Location
Script

Changes made to the mock-up for the second iteration include, see figure 27.
•
•

Symbols placed on the horn button
The console’s interface was replaced by a blank screen
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•
•

Addition of start engine marking to the driving mode interface
Addition of the headlight flashing function —the lack of this function was
observed by a participant in the previous user test—

Figure 27. Second iteration of concept one
After testing this new iteration of the interface, it was found that some issues remained
even if the participants received information regarding the use of the control systems.
Success criteria was considered based on the participants’ task completion and the
comments they made after performing the test. Table 5 displays the results of the third
concept evaluation.
Table 5. Second iteration results
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Some patterns were identified from the observations that were made on the
participants’ interaction with the mock-up and their comments while performing each
task. These patterns are:
•
•
•

Participants succeeded in activating functions that displayed a symbol
constantly either physical or part of the haptic touch panel
Participants turned off cruise control by braking rather than by using either the
off or cancel options
Participants identified the pressure enabled functions as being activated after
adding pressure to the steering controllers

The results from this test —with the changes made to the mock-up— and the test
procedure clarified the main usability issues that the interface had. Even after explaining
to the participants the use of the dual mode interface, they failed to activate the function
and presented the same pattern seen in previous tests. Participants assumed that
functions were enabled once pressure was added to the steering controller. Navigation
between multiple application views is perhaps the most disorienting kind of navigation
for users as it involves a gross shifting of attention that disrupts a user’s flow and forces
him into a new context (Cooper, Reimann & Cronin, 2013).
Participants were not using the resume/cancel function. Instead, they were observed
braking to deactivate cruise control. This observation was compared to an evaluation
made of the cruise control function (Rakha et al., 2001). Rakha et al. (2001) found that
the amount of times the brake is pressed while using an adaptive cruise control system
is an average of 120.4 times in contrast to an average of 1.6 times that the cancel button
is pressed; both in a 100 km trip.
Giving tasks that required the use of the control systems, rather than direct instructions
to use certain functions helped to identify the need for interaction with the headlights as
indicators. This was not considered from early specification based on the fact that the
Uniti EV has automatic headlights.
5.4.4 Physical fitting trial
Since the results of the second iteration of the concept depicted the difficulties of using a
two mode interface for the control systems and it was decided to use a single mode
interface for all the control systems. The definition of an area to position such controls
was needed. For this reason a physical fitting trial was conducted, see section 2.4.1.1.
The trial was conducted at the Univeristy of Skövde with 12 participants of both genders
and with different hand sizes. The largest measurement for thumb length corresponds
to a male participant that is representative of the 70.4 percentile. While the smallest
measurement for thumb length corresponds to a female participant that is
representative of the 4.8 percentile. In the case of hand length, the largest measurement
corresponds to a male participant that is representative of the 73.1 percentile. The
smallest measurement belongs to a female participant that is representative of the 2.6
percentile. The percentiles were obtained by using the database of PeopleSize 2008, the
population set used was German male and female from 18-64 years old. This population
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set was defined based on the fact that the vehicle is oriented to the European market
and its availability in the software. This broad range between the percentiles indicates
that the sample used for the trial will provide information that is based on users with
small and large hands. This may lead to a placement of the functions that is suitable for
people that are representative of non-extreme percentile values. Measurements can be
seen in table 6.
Table 6. Participant measurements

Since the placement of the controls is not determined by an isolated linear measurement
it was decided to use a grid labelled to identify a pattern that can be used to decide the
best position for the controls. The participants received the left controller of the steering
with a surface that had a grid printed on. They were told to hold it the most comfortable
position bearing in mind that they will need to reach the grid surface with their thumbs.
Once they found an adequate grip they had to place their thumbs in the area in which
rests the most naturally, this area was marked green. Then they had to trace the areas
that they can reach stretching or flexing their thumbs within an acceptable level of
comfort; this area was marked yellow. Lastly, they were told to flex or stretch their
thumbs until they started feeling strain, this area was marked in red, see figure 28.

Figure 28. Grid surface over left controller
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A heat map was generated from the different patterns obtained from each of the
participants in order to identify a common pattern to define the best location for the
controls within the steering controller. Heat maps provide an intuitive visual
overview of the intensity of a phenomenon with respect to a spatial region (Trame &
Keßler, 2011).
The heat map shows that the areas that are more suitable to locate the controls as well
as the areas that could generate strain, see figure 29.

Figure 29. Concept three details
5.4.5 Fourth user test
The Think Aloud protocol was used for the fourth user test. In contrast to the third user
test, participants did not receive an explanation of how to use the control systems.
The following elements were reused from the previous test:
•
•

Setup
Participant screening criteria
40

•
•
•

Number of participants
Location
Script

Changes were made to the mock-up based on the results from the third user test, see
figure 30. The changes made to the mock-up for the third iteration include:
•
•
•
•
•

Audio controls placed in the right steering controller
Slider switch placed on each steering controller for the turn lights function
Addition of a headlight flashing function
Placement of the controls based on the physical fitting trial results
Removal of the cancel function for cruise control

Figure 30. Concept three details
This new iteration showed significant improvement when compared to the previous
iterations. In this case test subjects did not receive information regarding the use of the
control systems. Despite not having previous knowledge regarding the use of the
interface they successfully activated all the functions for each task. Table 7 displays the
results of the third concept evaluation.
Table 7. Third iteration results
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Participants successfully activated the start engine and driving modes but it was decided
to move start engine from Drive to Park. This was decided in order to be in park mode
once the interface is activated and making users engage drive to start driving. After the
third iteration of concept one, the use of all control systems was understood and was
within reach and visibility of the test subjects. This means that no major usability
problems were found and this iteration was ready to be validated through informal
summative testing.
5.5 Interface Validation
The validation of the interface was made through informal summative testing. The main
objective was to gather quantitative information regarding the interaction test subjects
had with the interface. The measured variables were time and task completion. To
provide validity of the collected data the Wizard of Oz method mentioned in section
2.5.2 was used. For this purpose, a small video was created using sequences from the
software “Euro Truck Simulator”. The test was conducted with the same mock-up as the
one used for the fourth user test. This time the mock-up was placed in front of a screen
that displayed video sequences, see figure 31.

Figure 31. Test setup
Participants received an introduction to the general elements of the interface and their
functions. They also received a brief introduction to the use of all the control systems.
Participants were told to maintain constant interaction with the steering controllers to
simulate a scenario of real usage. Participants were told to use a specific control based
on the video sequences displayed in the screen. The test was conducted at the University
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of Skövde and included ten participants who were selected based on the same criteria
followed for the formative tests.
The setup made for the test consisted of:
•
•
•

One moderator guiding the user test with a script
One computer moderator changing the sketched videos according to user’s
interactions
One observer measuring time and task completion

Quantitative data was gathered from the test regarding the time it took for the
participants to activate each function and whether participants successfully activated
the functions or not. The mean time for each function with a 95 percent confidence
interval can be seen in figure 32.
Success rate is based on the number of users that completed each task without any
issues. Due to the small size of the sample used for this test, a binomial distribution was
generated in order to identify the percentage in which the identified pattern can be
followed in larger scales. E.g. single wipe was used correctly by 9 users out of 10 which
is a 90% success rate. By calculating the binomial distribution, it can be said that the
percentage in which this pattern can be followed in our population set is 88% (Sauro &
Lewis, 2012). Success rate and binomial distribution for each function can be seen in
figure 33.
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Figure 32. Task Completion time

Figure 33. Success rate and binomial distribution
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6. Final design
This chapter gives an overview of the elements that integrate the proposed solution.
Each of the control systems is explained in detail in section 6.1. Material selection,
strength analysis and environmental implications of the physical components that
integrate the interface are covered in section 6.2 of this chapter.
6.1 Interface description
The interface is based on the results from the previous formative tests, the physical
fitting trial, company’s and legislation’s constraints. This defined the position, dimension
and overall interaction of the elements that integrate each of the driver operated control
systems. Final renderings of the interface are presented in this section, as well as an
overview of the functions of each of the driver operated control systems. The solution is
primarily oriented towards the fulfilment of the user focused requirements presented in
table 2, but also considering feasibility and company requirements.
6.1.1 General Outline
The final iteration of the interface is based on the general outline described in section
2.3 and adds nine interactive elements to it. Two haptic touch panels located on the
sides of the console (A1 and A2), a button in the central part of the console (B), two
sliders on the sides of the steering controllers (C1 and C2), two buttons on the upper
part of the steering controllers (D1 and D2), and two haptic touch panels in the upper
surface of the steering controllers (E1 and E2), see figure 34.

Figure 34. Main elements of the interface
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6.1.2 Driving modes
Driving modes are located in the upper right area of the console and is the first element
that needs to be interacted with in order to enable the rest of the functions. As soon as
the user presses the start engine button located in the parking icon, the rest of the
interface is enabled. To switch from parking mode to the rest of the driving modes the
user needs to press the vehicle’s brake and press the icon showing the desired driving
mode, see figure 35.

Figure 35. Interaction with driving modes
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The typeface and colour for the driving mode interface are based on the guidelines from
section 3.7. Interaction with the driving modes interface is needed to enable the rest of
the interface, therefore it was decided to give it visual hierarchy by its size and contrast,
as a result the text is bigger for this element and the background lights up instead of the
icon, see figure 36.

Figure 36. Driving modes size, colour and typeface
In addition to the feedback received from the haptic touch panel, the HUD area shows
the current mode that has been selected. The icons are displayed temporarily for
constant modes like drive and parking the main objective of removing them once they
are engaged is to reduce visual clutter of the HUD. On the other hand, temporal modes
like neutral and reverse are shown constantly in the HUD area as a reminder to the user
that a temporal mode is active, typeface and colour are based on the guidelines from
section 3.7, see figure 37.

Figure 37. Driving modes in HUD
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6.1.3 Hazard lights
Hazard lights are located in the upper left area of the console in the form of a haptic
touch panel that remains enabled the entire time based on the legislation requirements
from section 2.6. When the hazard lights symbol is pressed, the user receives feedback
from the haptic touch panel and both turn signal symbols appear in the console’s screen
and start blinking, sound is also generated while the hazard lights remain activated, see
figure 38.

Figure 38. Hazard lights activated
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The proportions and colour are based on the legislation requirements mentioned in
section 2.6. Hue and saturation are not specified for the symbols colour so in this case
the decision is based on the colour guidelines from section 3.7.
Size is not specified in the applicable legislations for the symbol but due to the
importance that this control has for safety reasons it was decided to give it the highest
hierarchy in size within the entire interface and following the same principle of lighting
up the background rather than the icon as in the driving modes interface, see figure 39.

Figure 39. Hazard lights size and colour

6.1.4 Turn signals
Turn signals are located on the sides of the controllers as slider switches that activate
the turn signal correspondent to the side of the controller on which is located. The use
of slider switches is based on the success this type of input had when tested. Which can
be seen on the results shown in section 5.5. The position of the slider is based on the
results from the physical fitting trial that provided a guide for the placement of the
controls, see section 5.4.4.
The user activates the turn signals by sliding the switch and receives mechanical
feedback from the switch. The user also receives visual feedback by symbols that appear
in the console’s screen which start blinking when activated as well as from the green
surface beneath the slider that is revealed after it changes its original position. Audible
feedback generated while the turn signal remains activated is given to the user. When
the turn signals are deactivated the slider returns to its original position, see figure 40.
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Figure 40. Turn signal’s slider and symbol on screen
The proportions of the turning signals symbols are based on the legislation
requirements mentioned in section 2.6. Size is not specified in the applicable legislations
for the symbol, and therefore size was defined in relation to the dimension of the slider
and the visibility of the symbol. Colour decision for the icon was based on the colour
guidelines from section 3.7, see figure 41.

Figure 41. Turn signal’s size and colour
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6.1.5 Audio controls
Audio controls are located on the right steering controller’s top surface, this surface is a
haptic touch panel that gives the user feedback when pressed. The position of audio
controls is based on the results from the physical fitting trial, see section 5.4.4. To play
or pause music the user has to press the play/pause icon, to increase or decrease
volume the user has to press the plus and minus icons. If pressure is held on the volume
controlling icons, the volume increases gradually. The forward and backward icons need
to be pressed in order to switch between songs or radio stations.
Audio control icons light up which differentiates these controls from the background
illuminating icons for hazard lights, driving modes and headlight flashing. This gives less
visual hierarchy to audio controls as their function don’t affect the vehicle’s state. Colour
decision for the icons is based on the colour guidelines from section 3.7, see figure 42.

Figure 42. Audio controls details

6.1.6 Windshield wipers
Windshield wipers controls are located on the right steering controller’s top area.
Physical buttons activate these commands. The position of windshield wipers controls is
based on the results from the physical fitting trial, see section 5.4.4. Pressing the
windshield wiper icon activates a single wipe motion of the windshield wipers, if
pressure is held motion will continue until released. To increase or decrease speed of
the automatic windshield wipers the user has to press the plus and minus icons.
The windshield wiper icons light up and are differentiated from the audio controls by
background colour and icon arrangement. Colour decision for the icons is based on the
colour guidelines from section 3.7, see figure 43.
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Figure 43. Windshield wipers details
6.1.7 Cruise control
Cruise control is located on the left steering controller’s top area, these commands are
activated by physical buttons, and the resume/cancel function is enabled in the haptic
touch panel once the Cruise button is pressed. The position of cruise control is based on
the results from the physical fitting trial, see section 5.4.4. Pressing the Cruise button
activates cruise control and sets the cruise speed at the speed the vehicle is at the
moment the button is pressed. To increase or decrease speed the user has to press the
plus and minus icons. If pressure is held on them, then speed will increase or decrease
by five units. The user can cancel the current speed and resume it later by pressing the
resume/cancel option in the haptic touch panel. When cruise control is activated user
receives visual feedback of its activation in the HUD, see figure 44.

Figure 44. Cruise control’s buttons and HUD indication
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The cruise control icons light up against the button background. In the case of the
resume/cancel option the background lights up to create similarity to the elements of
the haptic touch panel that affect the vehicle’s state like the headlight flashing option.
To relate the resume/cancel option to the rest of the cruise control icons it was placed
near to the button area thereby associating their functions by proximity.
Colour decision for the icons is based on the colour guidelines from section 3.7, see
figure 45.

Figure 45. Cruise control’s icons size and colour
6.1.8 Headlight flashing
The headlight flashing function is placed on the left steering controller’s top surface.
This surface is a haptic touch panel that gives the user feedback when pressed. The
position is based on the results from the physical fitting trial, see section 5.4.4.
To flash the headlights the user has to press the headlight flashing icon, the background
lights up to create similarity to the elements of the haptic touch elements of the
interface that affect the vehicles state. The proportions are based on the legislation
requirements mentioned in section 2.6. Size is not specified in the applicable legislations
for the symbol, and therefore size was defined based on giving a clear visibility of the
symbol. Colour decision for the icon is based on the colour guidelines from section 3.7,
see figure 46.

Figure 46. Headlight flashing details
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6.1.9 Horn
The horn is a physical button in the central part of the console. This gives the user haptic
feedback from the button’s mechanism when pressing it. When the button is pressed,
the horn is activated and the button is raised from the console’s surface enhancing its
visualization. The button’s surface has two horn icons engraved and their proportions
are based on the legislation requirements mentioned in section 2.6. Size is not specified
in the applicable legislations for the symbol, and therefore size was defined based on
giving a clear visibility of the symbol without giving it a high visual hierarchy, see figure
47.

Figure 47. Horn details
6.2 Components
A tentative configuration of the components that integrate the interface was generated;
in order to provide a general guide of the overall structure of the elements. This
configuration includes a tentative selection of materials based on the basic
requirements needed for its proper function within a vehicle. The purpose of this
section is to provide a general guide for the company when searching for suitable
materials. Having in mind material strength, feel and link to functional requirements of
the components.
The interface elements that belong to the console integrate the following elements:
•
•
•
•
•
•

Upper cover (A)
Protective overlay (B)
Touch screen (C)
Main structure (D)
Touch screen (E)
Haptic touch Engine chip (F)

The elements that integrate the console can be seen in figure 48.
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Figure 48. Console components
The interface elements that belong to the steering controllers integrate the following
elements:
•
•
•
•
•
•
•
•
•

Protective overlay (A)
Button (B)
Button component (C)
Touch screen (D)
Inner structure (E)
Main structure (F)
Grip (G)
Haptic touch Engine chip (H)
Turn signals slider (I)

The elements that integrate the console can be seen in figure 49.

Figure 49. Steering controller components
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6.2.1 Material selection
The input received from Uniti AB regarding the use of materials was the inclusion of
thermoplastics for the components that will interact with the end user. Several
thermoplastics were compared using CES Edupack having in mind the forces that will be
applied to the elements they will be used for, see section 6.2.3. According to the study
made by APME (1999) acrylonitrile butadiene styrene (ABS) is widely found in vehicle
dashboards and interiors. ABS was selected for the console’s upper cover (A) and main
structure (D). ABS was also selected for the main plastic components of the steering
controllers:
•
•
•
•

Component B
Component E
Component F
Component I

The material selected for the controllers’ grip (G) is fluoroelastomer FKM GFLT type 3 in
order to prevent the controller from sliding from the user’s hand. This material was
selected based on its resistance to water, environment such as sunlight and weather,
odour and sweat resistance (Polycomp, 2017). It must be highlighted that material
strength was not taken into account since this component only transfers the applied
forces to the main structure.
Gorilla glass was selected for the protective overlay (B) of the console and for the
steering controller’s protective overlay (A). This decision was made based on the
inclusion of the haptic touch functionality, but also due to the material’s adaptation to a
specific design provided by the manufacturer (Corning.com, 2017) for a detailed
overview of the material’s characteristics see Appendix F.
6.2.2 Material strength
All forces used for material strength calculations are based on the study upon the grip
and pinch strength (Mathiowetz et al. 1985). The converted strengths for this force
analysis were the higher registered in each case and transformed from lbs to N. Since
the tactile surface receives forces applied by using the thumb, a force of 93,8 N was
applied (Mathiowetz et al. 1985, p 72). On the other hand, the main surface of the handle
needed to resist the handgrip force of 610 N (Mathiowetz et al. 1985, p. 72).
The initial region of the stress strain diagram that can be seen in figure 50 is referred as
the elastic region. In this state if the load is removed, the material will recover its
original shape. In other words, no damage will be done to the material (Hibbeler, 2017).
A slight increase in stress above the elastic limit will result in a breakdown of the
material and cause it to deform permanently —this is called yielding— The stress that
causes yielding is called the yield stress and the deformation that occurs is called plastic
deformation (Hibbeler, 2017).
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Figure 50. Conventional and true stress–strain diagram for ductile material (steel)
(adapted from Hibbeler, 2017: p. 87)
Yielding in a ductile material occurs when the distortion energy per unit volume of the
material equals or exceeds the distortion energy per unit volume of the same material
when it is subjected to yielding in a simple tension test. This theory is called the
maximum distortion energy theory or von Mises criterion (Hibbeler, 2017). If the results
from the von Mises criterion are lower than the material’s Yield strength, the material
will not surpass the elastic limit and therefore it will not suffer plastic deformation.
The usage of the steering controllers must stand the loads applied by the user by
remaining in an elastic state. Even in cases where extreme forces are applied, steering
controllers should not surpass the material’s elastic limit. For this reason, the highest
pinch and grip forces registered by Mathiowetz et al. (1985, p. 72) were used. By
comparing the results with the Yield point it can be ensured that no plastic deformation
will be made during the operation of the system. As it can be seen in figure 51 the tip
pinch force used was 93,8 N. This force is based on a study regarding the grip and pinch
strength (Mathiowetz et al. 1985, p. 72) and it was located on the Y axis as a load, while
the constraints were located on the edges of the part.

Figure 51. Applied force over the protective overlay
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A link will connect the handles to the console, so the plastic will react as a force
conductor. Since the link was not yet defined by Uniti AB, it was calculated having in
count the constrains inside the handle. The force applied was the maximum handgrip
recorded 590 N and set up as an outside pressure, see figure 52.

Figure 52. Applied force over the steering controllers main structure
6.2.3 Environmental Implications
The Interface of the Uniti EV represents a reduction of the number of components when
compared to the ones used in today’s vehicles, see section 3.1. In current vehicles 25%
of their material is considered waste after their functional life (Kanari, Pineau & Shallari,
2003). The subtraction of components in the Uniti EV leads to a reduction of the amount
of material used for its manufacture, which represents an improvement of the vehicle’s
environmental impact. But also, a factor to consider in order to follow the regulations
established by the European Commission. “End-of-life vehicle (ELV) directive requires
manufacturers to reach the goal of new vehicles reusability and/or recyclability of at
least 85%, and reusability and/or recoverability of at least 95% by weight, if measured
against the international standard ISO 22620” (Lipták & Eren, 2003: p. 803).

7. Conclusion
In order to provide a conclusion for this project, it is necessary to compare the final
design with the specification table, see table 2. After the results were compared with the
wishes and demands that integrate the design specification, it could be seen that only
one wish was not fully integrated into the final solution. This wish deals with the
reduction of physical elements in order to maintain the original outline of the interface
as close to the original number of elements as possible. This wish was not fulfilled as a
result of the integration of the buttons used for cruise control, windshield wipers and
horn, as well as the two slider switches for the turn signals. Even though the dual mode
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interface addressed this wish, it compromised the user focused requirements specified
in table 2. The dual mode interface generated confusion and participants found it
complicated to operate, even when receiving an explanation of its use. Perhaps this
could be related to the significant difference that the general outline of the Uniti EV’s
interface already has with the conventional interface found in most vehicles. Therefore,
generating an overload of new information to be acquired in order to use this interface
properly. Having a multiple channel interface has several benefits that could generate
new and futuristic ways of interacting with the control systems of a vehicle.
Nevertheless, habituation to the general outline of the interface could be required for
this to happen.
Furthermore, it could be seen that the conventional interface for the vehicle has several
elements that don’t have significance for a new user. Therefore, the solutions that
integrate the interface created for this project are focused on providing significance to
the user based on their previous experience and pattern recognition. Interface
development requires time and must suit users’ needs, expectations and knowledge.
During the process, several issues were identified in the concepts and this could provide
further guidance to the company in order to avoid decisions that could create usability
issues.
The aim of the project was to create a product- based solution that integrated the inputs
and outputs of control systems used while driving. In order to fulfil this aim, it is
necessary to reflect upon the project’s objectives stated in section 1.3. The functional
requirements for the control systems were met considering the applicable legislations
and technological factors. The control systems were integrated within the general
outline stated by Uniti AB, while an aesthetically pleasing integration to the original
elements of the interface was achieved. In this sense, the interface followed the
principles of a futuristic look, and the control systems interaction differed from the
iconic lever interface. Furthermore, after several iterations driven by user feedback the
interface’s functions were recognized and activated by the users without complications.
This led to a positive impact on the interface’s usability, safety and UX. The steering
controllers’ geometry and the internal electronic components are currently in
development and therefore only a tentative configuration of the interfaces physical
elements was generated. As consequence, technical 2D drawings and sustainability
assessment of the components could not be achieved.

8. Discussion
Working with Uniti AB provided a realistic view upon the requirements for the design of
the interface, furthermore, it provided a view into the complexity of trans disciplinary
teams working in parallel to achieve a common goal. This presented a challenge that had
a direct impact on the projects result, in the positive side it provided a rich amount of
input from the different teams working in the company. On the negative side, working in
parallel led to the resolution of some elements of the interface without having
knowledge of the rest of the vehicle’s constraints that were being designed at the same
time.
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The level of specificity of the design specification table could have been increased in
some areas, see table 2. That is the case of specification number 2 regarding specific
measurements to be followed in order to avoid hand discomfort issues.
During the generation of the specification table, the interactions of the functions were
not defined yet. Because of that it was not possible to define a set of measurements to be
followed in order to place the elements. Therefore, it was not until the design had gone
through several iterations and the solutions had been understood, when the
comfortable position of the control systems was defined.
The specificity level of specification 8 could have also been increased if the complete
elements related to the interface had already been developed by the company at the
moment the table was being created. In this sense having a more specific outline of the
interface could have helped when defining the solutions.
By the time the specification number 9 was made, the level of specificity was too vague.
Due of that, it was not until formative user tests were made when the number of
symbols necessary for the comprehension of the control system was defined.
As consequence of the lack of theoretical and practical background in interface design, a
considerable amount of time was spent in research upon basic elements of UX and UI.
The time spent in this part of the project could have been used for further refinement of
the testing procedures and the size of the samples used for the interface’s validation.
Having a larger number of participants could have provided more validity to the
informal summative test mentioned in section 5.5. Time limitation was the factor that
had major weight in the test sample size. Time was also a decisive factor for the sample
size of the physical fitting trial mentioned in section 5.4.4. The physical fitting trial could
have included participants that were representative of more extreme percentiles. This
inclusion could provide a way to ensure the positioning of the functions based on a
pattern that considered a broader range of the population. Nevertheless, there is only a
6 mm difference between the 70.4 percentile and the 95.4 percentile regarding male
thumb length of the defined population set, based on the database of Peoplesize 2008.
The Wizard of Oz method provided an easy way of simulating complex interactive
elements such as the dual mode interface for the steering controllers. Nevertheless,
having access to simulation facilities could have provided a more accurate ecological
validity to the informal summative testing than the video sequences used to simulate
real life scenarios for the usage of the control systems. Formative testing using the Think
Aloud protocol provided relevant information for the decisions made for further
iterations; in fact, conducting these tests without giving users a direct indication toward
the use of certain function led to the inclusion of headlight flashing. This function was
not identified due to the automatic headlamp control of the vehicle and therefore no
task analysis was made regarding headlamp use.
The development of the cruise control system generated initial conflicts due to the
amount of functions and its diversity in the different vehicles. After analysing the
different cruise control systems, the essential functions were identified and as a result
cruise control’s mapping was simplified. One of the functions that was removed from
cruise control is the vehicle to vehicle distance regulation. This was decided bearing in
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mind that users may set a distance that could be appropriate for city use but not for
highway. In this sense, this restriction avoids that issue by giving the vehicle’s sensing
systems the control of distance. Yet another interesting aspect when developing the
cruise control functions was to compare the results from usability testing with the
results presented in literature regarding the use of specific functions. The cancel
function of cruise control was reported as a function that was not used often when
compared to the rest of the functions, instead users tend to brake to deactivate cruise
control (Rakha et al., 2001).
The results from the formative test indicated a similar pattern of use. Regardless the
lack of use of this function, it was decided to include it because its inclusion did not
require the addition of a separate interactive element because it could be placed in the
same element that belonged to the resume function. Thus, providing users the option to
use it to cancel cruise control in addition to cancel by braking.
The workflow of driving modes was also an interesting aspect to solve. In early
iterations, the solution lacked of an indicator that communicated the users where to
start the vehicle and this generated confusion and increased the difficulty of its
operation. Therefore, it was decided to include this indicator, but its inclusion also
implied further considerations related to the workflow of this system. At the beginning,
it was decided to place this function in the drive element as a way to provide users a way
to start the vehicle and start driving right after. After reflecting upon the workflow, it
was decided to move it into the park element as a way to provide a status in which the
non-driving related functions of the vehicle could be operated while remaining in park
mode.
Uniti AB has not yet defined its manufacturing facility locations. Therefore, a LCA could
not be generated, as the software CES Edupack requires information regarding material
transportation distance. Nevertheless, a general guide for the company regarding
material selection was generated in section 6.2. Having more defined information about
the materials the company is planning to use, as well as information about the
manufacturing facilities could have provided the needed information for detailed
environmental assessments. Regardless of lacking an environmental assessment, the
general outline of the interface as well as the elements defined for the control systems
implies a significant reduction of elements when compared to a vehicle’s traditional
interface. Some of the elements such as the haptic touch panels have the flexibility to
adapt new functions and as a consequence, this avoids the inclusion of physical
elements that imply the use of more materials.

9. Further development
As the time for the project was limited and it was developed in parallel with other
components of the vehicle there are several aspects that can be developed in the future.
The most important one is the validation of the interface while interacting with the rest
of the elements of the vehicle. The interaction of the interface with the rest of the
systems is essential for the UX approach. In this matter, the distance to the seat and the
seat’s height have a relation to the appropriate visibility of the elements within the
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interface. Once these elements are included for the validation of the interface, it is
important to increase the validation’s fidelity. Including a simulation of the context can
increase the fidelity, as this is a key element for UX.
The inclusion of the eCall system mentioned in section 2.6 needs to be considered due to
its implementation for the year 2018. Generating the design of the physical components
of the interface; contemplating the actual electronic components to be used and
therefore designing the adequate fixtures for them. Lastly, it is also needed to generate
environmental assessments to define the materials with the lowest environmental
footprint considering the requirements for the proper function and feel of the interface.
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Start engine
Single wipe
Horn
Headlight flashing
Music play
Music forward
Music volume
Cruise control activate
Cruise control speed
Cruise control cancel
Cruise control resume
Wiper speed
Turn signals
Hazard lights

Mean

Percentage of
Small sample
participants
completion
performing
rate
correctly
100%
100%
90%
88%
100%
100%
90%
88%
80%
99%
80%
99%
80%
99%
80%
99%
100%
100%
80%
99%
90%
88%
100%
100%
80%
99%
100%
100%

89%

Participant 1

Start engine
Single wipe
Horn
Headlight flashing
Music play
Music forward
Music volume
Cruise control activate
Cruise control speed
Cruise control cancel
Cruise control resume
Wiper speed
Turn signals
Hazard lights

Task
completed
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Start engine
Single wipe
Horn
Headlight flashing
Music play
Music forward
Music volume
Cruise control activate
Cruise control speed
Cruise control cancel
Cruise control resume
Wiper speed
Turn signals
Hazard lights

Task
completed
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Participant 2

Time (sec)

Errors

0,9
0,6
1,61
1,5
1,47
0,5
0,5
0,65
0,5
1,2
0,5
0,5
1,5
1,08

0
0
0
0
0
0
0
0
0
0
0
0

Task
completed
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Participant 6

Participant 3

Time (sec)

Errors

1,55
1,8
1,47
1,46
2
0,46
0,55
1,3
0,5
0,1
0,7
0,96
0,76
1,2

0
1
0
0
1
1
0
0
1
0
1
0

Task
completed
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Participant 7

Time (sec)

Errors

0,4
0,4
0,6
0,9
0,85
0,6
0,65
0,6
0,4
1
0,8
1,2
0,3
1

0
0
0
0
0
1
0
0
0
0
0
0

Task
completed
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Participant 4

Time (sec)

Errors

1,27
0,4
0,6
1,77
1,3
0,58
0,4
1,24
1,2
2,3
0,45
1,93
0,54
0,56

0
0
0
0
0
0
0
1
0
0
0
0

Task
completed
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Participant 8

Time (sec)

Errors

0,8
1
0,5
0,7
0,9
0,6
1
1,1
0,4
2
0,7
0,7
1,3
1,9

0
0
0
0
0
0
0
0
0
0
0
0

Task
completed
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Participant 5

Time (sec)

Errors

0,8
0,3
1,32
0,95
1,91
2,08
1
1,86
3
0,46
0,56
0,86
1,03
1,45

0
0
0
0
0
0
0
0
0
0
1
0

Task
completed
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Participant 9

Time (sec)

Errors

0,6
0,4
1,3
1,6
1,1
0,4
1
0,8
0,6
0,4
0,5
1,2
0,8
0,7

0
0
0
0
0
0
0
0
0
0
0
0

Task
completed
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Time (sec)

Errors

1,53
1,94
1,34
1,35
1,57
0,55
0,43
1,62
0,57
1,92
0,42
0,85
1,86
1

0
0
0
2
0
0
0
1
0
0
0
0

Participant 10

Time (sec)

Errors

1,1
1,3
0,8
1,8
1,8
0,6
1,9
1,3
0,5
0,9
0,65
1,5
0,8
0,8

0
0
0
0
1
0
0
0
0
0
0
0

Task
completed
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Time (sec)

Errors

0,7
1
1
1,3
1,2
0,5
0,56
1,8
0,45
0,54
0,65
1,1
0,9
0,8

0
0
0
0
0
0
0
0
0
0
0
0
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Rubber Material Selection Guide
FKM or Fluorocarbon / Fluoroelastomer
Viton® / Fluorel®
Abbreviation

FKM

ASTM D-2000 Classification

HK

Chemical Definition

Vinylidienefluoridehexafluropropylene

RRP Compound Number Category

90000 Series

Physical & Mechanical Properties
Durometer or Hardness Range

50 – 95 Shore A

Tensile Strength Range

500 – 2,000 PSI

Elongation (Range %)

400 % – 500 %

Abrasion Resistance

Fair to Good

Adhesion to Metal

Good to Excellent

Adhesion to Rigid Materials

Fair to Good

Compression Set

Good to Excellent

Flex Cracking Resistance

Fair to Good

Impact Resistance

Good

Resilience / Rebound

Poor to Fair

Tear Resistance

Fair to Good

Vibration Dampening

Fair to Good

Chemical Resistance

1

Acids, Dilute

Good to Excellent

Acids, Concentrated

Good to Excellent

Acids, Organic (Dilute)

Fair to Good

Acids, Organic (Concentrated)

Poor to Good

Acids, Inorganic

Good to Excellent

Robinson Rubber Products – Fluoroelastomers
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Rubber Material Selection Guide
FKM or Fluorocarbon / Fluoroelastomer
Viton® / Fluorel®
♦ Chemical Resistance
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Alcohol’s

Fair to Excellent

Aldehydes

Poor

Alkalies, Dilute

Fair to Good

Alkalies, Concentrated

Poor

Amines

Poor

Animal & Vegetable Oils

Excellent

Brake Fluids, Non-Petroleum Based

Poor to Fair

Diester Oils

Good to Excellent

Esters, Alkyl Phosphate

Poor

Esters, Aryl Phosphate

Excellent

Ethers

Poor

Fuel, Aliphatic Hydrocarbon

Excellent

Fuel, Aromatic Hydrocarbon

Excellent

Fuel, Extended (Oxygenated)

Excellent

Halogenated Solvents

Good to Excellent

Hydrocarbon, Halogenated

Good to Excellent

Ketones

Poor

Lacquer Solvents

Poor

LP Gases & Fuel Oils

Excellent

Mineral Oils

Excellent

Oil Resistance

Excellent

Petroleum Aromatic

Excellent

Petroleum Non-Aromatic

Excellent

Refrigerant Ammonia

Poor

Refrigerant Halofluorocarbons

R-11, R-12, R-13

Refrigerant Halofluorocarbons w/ Oil

R-11, R-12

Silicone Oil

Excellent

Solvent Resistance

Excellent

Robinson Rubber Products – Fluoroelastomers
© Copyright 2005 Robinson Rubber Products Company, Inc. All rights reserved.

Rubber Material Selection Guide
FKM or Fluorocarbon / Fluoroelastomer
Viton® / Fluorel®
♦ Thermal Properties
Low Temperature Range

-30º F to 0º F

Minimum for Continuous Use (Static)

+ 10º F to - 30º F

Brittle Point

0º F to - 40º F

High Temperature Range

+ 450º F to + 500º F

Maximum for Continuous Use (Static)

+ 500º F

♦ Environmental Performance
Colorability

Good to Excellent

Flame Resistance

Good to Excellent

Gas Permeability

Good to Excellent

Odor

Good

Ozone Resistance

Excellent

Oxidation Resistance

Excellent

Radiation Resistance

Fair to Good

Steam Resistance

Good to Excellent

Sunlight Resistance

Good to Excellent

Taste Retention

Fair to Good

Weather Resistance

Excellent

Water Resistance

Excellent

For assistance in identifying the appropriate polymer or material, or to develop and
formulate a fluorocarbon / fluoroelastomer rubber compound to meet your specific
application and performance requirements, please contact Robinson Rubber Products at
e-mail: sales@robinsonrubber.com or phone: 1-763-535-6737.
Robinson Rubber Products Company, Inc. makes no expressed or implied warranty as to any qualities, attributes, or
characteristics of any polymer or material. This information is provided for reference only.
®

Viton is a registered trademark of the DuPont Corporation.
®
Fluorel is a registered trademark of Dyneon, a division of the 3M Company.
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Corning® Gorilla® Glass for
Large Format Applications

Gorilla® Glass

Corning® Gorilla® Glass is Big, Bold,
and Beautiful
Corning® Gorilla® Glass is an ideal cover glass for the most
innovative large-format displays, including interactive white
boards, digital signage, and other large-size public displays. It
is elegant, lightweight, and durable enough to resist many
real-world events that commonly cause glass damage and
failure.
The unique composition of Gorilla Glass allows for a deep
layer of high compressive stress created through an
ion-exchange process. This compression layer makes the
glass exceptionally tough and damage resistant. The
composition also helps to prevent the deep chips and
scratches that degrade appearance and can cause glass to
break.
Additionally, Gorilla Glass is formed using the same
proprietary fusion process as all of Corning’s high-technology
display substrates. This extraordinarily precise,
highly-automated process produces glass with exceptionally
clean, smooth, flat surfaces and outstanding optical quality.
Gorilla Glass is also remarkably thin and clear, which reduces
weight, helps reduce the appearance of parallax, enables
more sensitive and accurate touch responses, creates a more
precise and professional display, and helps deliver on the
promise of high-definition and 3D technologies.

Viscosity
Softening Point (107.6 poises)
Annealing Point (1013.2 poises)
Strain Point (1014.7 poises)

Mechanical Properties

Thermal
75.5 x 10-7 C

Coefficient of Expansion
(0 C - 300 C)

Optical
Refractive Index (590 nm)
Core index (no ion-exchange)
Compression layer

1.50
1.51

100
90
80
70
60
50
40
30

Wavelength 450 nm - 850 nm
Transmittance > 91%

0
250

500

750

1000

1250

1500

1750

2000

2250

2500

Wavelength (nm)

Display Screen Diagonal Size
32 inches to 84 inches

Finished Part Dimensions

Thickness (mm)

551 kgf/mm2
654 kgf/mm2
0.69 MPa m0.5

10

Product Information

Width (max)
Length (max)

2.39 g/cm3
68.0 GPa
0.22
27.9 GPa

Density
Young’s Modulus
Poisson’s Ratio
Shear Modulus
Vickers Hardness (200 g load)
Un-strengthened
Strengthened
Fracture Toughness

20

Typical sizes

896 C
627 C
573 C

2020 mm
1365 mm @ 1 mm thickness
1200 mm @ 2 mm thickness
2.0, 1.5, 1.0, 0.7, 0.55

Chemical Strengthening
Compressive stress
Depth of Layer

³ 650 MPa @ 40 µm DOL
³ 40 µm

Note: Additional surface treatments are available, such as screen printing,
optical films, and anti-glare finishes. For more information please contact
Corning with your specific requirements.

Greater retained strength for Gorilla® Glass
after scratch
400

300

Glass thickness 1 mm

350

250

300

Gorilla Glass

200

250
200

150

Gorilla Glass

150

100

100
50
0

Greater retained strength for Gorilla® Glass
enables use of thinner glass

0

0.2

0.4

0.6

0.8

1

SLG

50

SLG
1.2

1.4

0

0

0.5

Scratch load (kgf)
Error bars represent 95% CI

Higher damage resistance for Gorilla® Glass

1
1.5
Gorilla Glass Thickness
(mm)

Scratches are less visible

80

Knoop Visual Scratch Test
After Ion Exchange

70
60
50

Soda-lime Glass
(4 N)

Gorilla Glass
(4 N)

Gorilla Glass
(6 N)

500 µm

500 µm

500 µm

40
30
20
10
0
Soda-Lime Glass
(1 mm)

Tempered
Soda-Lime Glass
(4 mm)

Gorilla Glass
(1 mm)

Error bars represent 95% CI

For more information about Corning® Gorilla® Glass:
email: gorillaglass@corning.com
Web: CorningGorillaGlass.com
Corning and Gorilla are registered trademarks of Corning Incorporated, Corning, N.Y., USA
© 2015 Corning Incorporated. All rights reserved.
September 2015
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Acrylonitrile butadiene styrene (ABS)
Description
Image

Caption
1. ABS pellets. © Shutterstock 2. ABS allows detailed moldings, accepts color well, and is non-toxic and tough
enough to survive the worst that children can do to it. © Gettyimages
The material
ABS (Acrylonitrile-butadiene-styrene) is tough, resilient, and easily molded. It is usually opaque, although some
grades can now be transparent, and it can be given vivid colors. ABS-PVC alloys are tougher than standard ABS and,
in self-extinguishing grades, are used for the casings of power tools.
Compositional summary
Block terpolymer of acrylonitrile (15-35%), butadiene (5-30%), and styrene (40-60%).

General properties
Density
Price
Date first used

1,01e3
* 21,5

-

1,21e3

kg/m^3

-

25,8

SEK/kg

1937

Mechanical properties
Young's modulus

1,1

-

2,9

GPa

Shear modulus

0,319

-

1,03

GPa

Bulk modulus

3,8

-

4

GPa

Poisson's ratio

0,391

-

0,422

Yield strength (elastic limit)

18,5

-

51

MPa

Tensile strength

27,6

-

55,2

MPa

Compressive strength

31

-

86,2

MPa

Elongation

1,5

-

100

% strain

Hardness - Vickers

5,6

-

15,3

HV

Fatigue strength at 10^7 cycles

11

-

22,1

MPa

Fracture toughness

1,19

-

4,29

MPa.m^0.5

Mechanical loss coefficient (tan delta)

0,0138

-

0,0446

87,9

-

128

Thermal properties
Glass temperature

Values marked * are estimates.
No warranty is given for the accuracy of this data

°C
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Acrylonitrile butadiene styrene (ABS)
Maximum service temperature

61,9

-

76,9

°C

Minimum service temperature

-123

-

-73,2

°C

Thermal conductor or insulator?

Good insulator

Thermal conductivity

0,188

-

0,335

W/m.°C

Specific heat capacity

1,39e3

-

1,92e3

J/kg.°C

Thermal expansion coefficient

84,6

-

234

µstrain/°C

Electrical properties
Electrical conductor or insulator?

Good insulator

Electrical resistivity

3,3e21

-

3e22

Dielectric constant (relative permittivity)

2,8

-

3,2

Dissipation factor (dielectric loss tangent)

0,003

-

0,007

Dielectric strength (dielectric breakdown)

13,8

-

21,7

µohm.cm

1000000 V/m

Optical properties
Transparency

Opaque

Refractive index

1,53

-

1,54

Castability

1

-

2

Moldability

4

-

5

Machinability

3

-

4

Weldability

5

Processability

Eco properties
Embodied energy, primary production

* 90,3

-

99,9

MJ/kg

CO2 footprint, primary production

* 3,64

-

4,03

kg/kg

Recycle
Recycle mark

Supporting information
Design guidelines

Values marked * are estimates.
No warranty is given for the accuracy of this data

Acrylonitrile butadiene styrene (ABS)
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ABS has the highest impact resistance of all polymers. It takes color well. Integral metallics are possible (as in GE
Plastics' Magix.) ABS is UV resistant for outdoor application if stabilizers are added. It is hygroscopic (may need to
be oven dried before thermoforming) and can be damaged by petroleum-based machining oils. ASA
(acrylic-styrene-acrylonitrile) has very high gloss; its natural color is off-white but others are available. It has good
chemical and temperature resistance and high impact resistance at low temperatures. UL-approved grades are
available. SAN (styrene-acrylonitrile) has the good processing attributes of polystyrene but greater strength, stiffness,
toughness, and chemical and heat resistance. By adding glass fiber the rigidity can be increased dramatically. It is
transparent (over 90% in the visible range but less for UV light) and has good color, depending on the amount of
acrylonitrile that is added this can vary from water white to pale yellow, but without a protective coating, sunlight
causes yellowing and loss of strength, slowed by UV stabilizers. All three can be extruded, compression molded or
formed to sheet that is then vacuum thermo-formed. They can be joined by ultrasonic or hot-plate welding, or bonded
with polyester, epoxy, isocyanate or nitrile-phenolic adhesives.

Technical notes
ABS is a terpolymer - one made by copolymerizing 3 monomers: acrylonitrile, butadiene and styrene. The acrylonitrile
gives thermal and chemical resistance, rubber-like butadiene gives ductility and strength, the styrene gives a glossy
surface, ease of machining and a lower cost. In ASA, the butadiene component (which gives poor UV resistance) is
replaced by an acrylic ester. Without the addition of butyl, ABS becomes, SAN - a similar material with lower impact
resistance or toughness. It is the stiffest of the thermoplastics and has excellent resistance to acids, alkalis, salts
and many solvents.
Typical uses
Safety helmets; camper tops; automotive instrument panels and other interior components; pipe fittings;
home-security devices and housings for small appliances; communications equipment; business machines;
plumbing hardware; automobile grilles; wheel covers; mirror housings; refrigerator liners; luggage shells; tote trays;
mower shrouds; boat hulls; large components for recreational vehicles; weather seals; glass beading; refrigerator
breaker strips; conduit; pipe for drain-waste-vent (DWV) systems.
Tradenames
Claradex, Comalloy, Cycogel, Cycolac, Hanalac, Lastilac, Lupos, Lustran ABS, Magnum, Multibase, Novodur,
Polyfabs, Polylac, Porene, Ronfalin, Sinkral, Terluran, Toyolac, Tufrex, Ultrastyr

Links
Reference
ProcessUniverse
Producers

Values marked * are estimates.
No warranty is given for the accuracy of this data

