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ABSTRACT 

This master thesis is the result of a project co-organised by the department of human work 

science at Luleå University of Technology and CEA (Commissariat à l‟Energie Atomique). 

 

In today‟s vehicles advanced technology is increasing rapidly. The use of this technology 

most likely improves both mobility and comfort but will, on the other hand impose a 

secondary task on the driver, which can potentially distract the driver from the primary task, 

driving. To decrease the amount of time drivers‟ eyes are off the road, the sense of touch, 

haptics, is being used more frequently as a modality and complement to the vision when 

developing interfaces. 

 

The aim of this thesis is to study if, and how, haptics can improve the interaction between the 

driver and the vehicle and make the in-vehicle use of Internet safer. Furthermore, this 

knowledge will be applied to develop a prototype of a user-friendly graphical user interface 

(GUI) and haptic feedback for a rotary haptic knob, the MR-Drive, for in-vehicle Internet 

navigation.  

 

The opening phase consisted of information gathering about multimodality, HMI, GUI and 

haptics. Next, possible internet-functions for in-vehicle use were enumerated and a 

requirements list for the prototype was specified and several concepts of the GUI were 

designed and one was chosen. The choice of GUI concept strived to fulfil the criteria in the 

requirements list concerning; design guidelines that will ease the navigation within the menu 

by emphasising the placement of items and operational design. From here, several haptic 

textures were developed for the chosen concept‟s haptic feedback, to determine the preferred 

textures a usability study was carried out.  

 

The result of the user study reveals that it is easy to differential the haptic textures apart but 

difficult to associate the textures to a certain application. The result also indicates a preference 

for textures with lower torque.  
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1 Introduction 
In today‟s vehicles advanced technology such as Advanced Driver Assistance Systems 

(ADAS) and In-vehicle Information Systems (IVIS) is increasing rapidly. In addition a great 

number of nomad devices e.g. mobile phones and portable digital assistants (PDAs.) have 

been brought in to the Vehicle. The use of this technology most likely improves both mobility 

and comfort but will, on the other hand impose a secondary task on the driver, which can 

potentially distract the driver from the primary task, driving. It is a challenge to develop a 

system that will not affect the driver‟s ability to control the vehicles safely. Numerous car 

manufactures are using multi-function, screen-based interfaces such as rotary knobs or touch 

screens that are being used to control all the functions. To decrease the amount of time 

drivers‟ eyes are off the road, the sense of touch, haptics, is being used more frequently as a 

modality and complement to the vision when developing interfaces.  

 

This thesis describes an attempt to design a user friendly interface for a rotary haptic knob, 

MR-Drive for controlling internet in vehicles. The interface design covered in this thesis 

consists firstly of the system architecture and secondly of the haptic feedback. The project 

was a cooperation between the department of human work science at Luleå University of 

Technology and CEA (Commissariat à l‟Energie Atomique) and was performed at CEA in 

Fontenay-aux-Roses, France.  

 

1.1 CEA 

CEA is the French Atomic Energy Commission (Commissariat à l‟Energie Atomique). CEA 

is practising research in three main fields: Energy, information and health technologies, and 

defence and national security. CEA is represented at nine research centres in France, each one 

specializing in specific fields. The Fontenay-aux-Roses research centre is specialising in 

nuclear science. The two major goals of CEA are to become the leading technological 

research organization in Europe and to ensure that the nuclear deterrent remains effective in 

the future.  CEA employs around 15000 people, where about 1000 of them are PhD students 

and 300 post-docs. In 2006, CEA had a budget of 3.3 billion euros. The civilian programs of 

CEA were funded in 2004 by the French government (55%) and of external sources like 

partner companies and the European Union (35%), 10% was given by a fund devoted to the 

decommissioning and clean-up of civilian nuclear plants. Research in the military sector is 

primarily funded by the French Ministry of Defence. 
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1.2 Aim and Objectives 

The aim of this thesis is to study if, and how, haptics can improve the interaction between the 

driver and the vehicle and make the in-vehicle use of internet safer. Furthermore, this 

knowledge will be applied to develop a prototype of a user-friendly graphical user interface 

and haptic feedback for a rotary haptic knob, the MR-Drive, for in-vehicle Internet 

navigation. Throughout the process the emphasis was on usability, human-machine-interface 

(HMI) and safety in the driver environment. 

 

1.3 Delimitations 

This thesis only covers the development of a prototype of a user-friendly graphical user 

interface and haptic feedback on the MR-Drive for in-vehicle Internet navigation with 

emphasis on HMI; therefore, the aesthetical design has not been given much attention.  

 
The hardware it self was under development and therefore contributed to limitations with the 

interaction possibilities. The MR-Drive can be turned, pushed as well as translated in both 

vertical and horizontal directions. Another limitation is that the haptic textures rendered by 

the MR-Drive depend on the turning speed. 
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2 Theoretical Background 
This section covers essential theory for this thesis such as human-machine interaction, 

information processing, haptics, multimodality, haptics for in-vehicle use, visual perception, 

and graphical user interface.  

 

 

2.1 Human-Machine-Interaction (HMI) 

Human-machine interaction (HMI) refers to the science of designing machines adapted to the 

strengths and limitations of the human user. Today, complex technology and advanced 

information systems bring a new dimension to the human machine interaction. In order to 

optimize the interaction between humans and machines the designer needs to take the human 

perception into consideration.  

World War II influenced the HMI approach when a surprising number of airplanes were 

flying into the ground for no apparent reason. Experimental psychologists were brought in to 

analyze the system-operator interface. The psychologists found that the system-operator 

interface emphasize was on training of the operators in order to fit the machines instead of 

designing the machines to fit the limitations and strengths of the user. The psychologists used 

a mix of psychology and cognitive science to approach the problem, this is today called 

engineering psychology (Wickens and Hollands, 2000)     

 

2.2 Information Processing 

Wickens and Hollands‟(2000) model of human information processing stages is the model of 

choice in this thesis in order to illustrate the human psychological, processes when carrying 

out a task, which in this thesis is driving. Wickens and Hollands‟ model is first characterised 

by that information processing is symbolised as a series of stages, the function of the stages is 

to transform or carry out the information for further processing. Secondly, each stage is also 

characterised by that there is no fixed starting point in the series of processing operations. The 

stages or processes in Wickens and Hollands‟ model are sensory processing, perception, 

cognition and memory, response selection and execution, feedback, and attention, the steps 

are illustrated in Figure 1 and covered in more detail below. 
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Figure 1. Wickens and Hollands’ model of human information processing stages. 

 

 

2.2.1 Sensory Processing 

Information in the environment gains access to the brain via stimuli, which makes it possible 

for the brain to perceive and respond to the information. In the brain all sensory systems are 

related to a short-term sensory store (STSS). The information reaches the STSS in 

unprocessed form and extends the presence of stimuli for around one half second for visual 

stimuli and up to 2-4 seconds for auditory stimuli. Visual and auditory is the most important 

sensory input channels when driving even though tactile can supply important information. 

One example of a sensory processing stage is when a driver visually scans the road 

environment for visual signals in order to maintain the lateral position of the vehicle. (Pattern, 

2007). 

 

 

2.2.2 Perception 

To receive and interpret raw sensory data, i.e. to give the sensory data meaning, is called 

perception. Two main features of perceptual processing are that it generally proceeds 

automatically and instantaneously. Secondly that it is driven both by bottom-up processing, 

data driven processing driven by sensory input and by top-down processing driven by inputs 

from long-term memory (Wickens and Hollands‟, 2000). When the driver interprets the visual 

cues of the road scene is an example of perception processing stage while driving. (Pattern, 

2007). 
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2.2.3 Cognition and working memory 

The working memory is used when cognitive processes, such as rehearsal reasoning and 

image transformation are carried out; therefore, cognition requires both time and attention 

resources (Wickens and Hollands‟, 2000). An example of the cognition and working memory 

stage when driving is the information processing that occurs when quickly classifying the 

road environment as familiar. 

 

An important feature for the working memory is that it has a limited capacity for temporal 

storage, only 7±2 chunks of data for less than 10 seconds. The temporal data stored in the 

working memory is very vulnerable to interference (Danielsson, 2001).  

 

 

2.2.4 Long-Term Memory 

To learn something and keep the information temporally stored in the working memory, the 

information needs to be coded into the long-term memory. The information coded in the long-

term memory is less vulnerable to interference than information in the working memory 

(Wickens and Hollands, 2000). If the driver identifies the road situation as unfamiliar, 

processing between the long-term and working memory will take place and cognitive 

tunnelling might occur since it involves more cognitive resources of the driver, this increases 

the risk of an accident. (Pattern, 2007). 

 

Information once stored in the long-term memory never fades away, the problem is that 

human beings sometimes fail to retrieve the stored information. Interference is one factor that 

brings about forgetfulness, due to this some information from the working memory is not 

coded in the long-term memory properly. Similarities within a material increase the risk of 

interference. There is a distinction between proactive and retroactive interference, depending 

on whether the interfered information is presented earlier or later than the information being 

recalled. The lack of memory cues is also a contributing factor to the failure in recalling a 

memory (Danielsson, 2001). 

 

In the long-term memory there is a distinction between procedural knowledge, how to do 

something, and declarative knowledge, the knowledge of facts. The long-term memory is 

divided into an episodic memory that is the memory of specific events, the semantic memory 

which contains universal knowledge and as stated earlier the procedural memory which is the 

memory about how to do something (Danielsson, 2001).  

 

2.2.5 Response selection and execution 

According to Wickens and Hollands (2000) the interpretion of a situation achieved through 

cognition and the working memory stage usually triggers a response selection and also 

execution of the selected response. Selection and the physically execution of the most suitable 

response based on the road scene information already processed can represent one example of 

the driver‟s response selection and execution stage (Pattern, 2007). 
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The selection of a response can be interpreted as; deciding what to do. Whereas the execution 

of the selected response involves co-ordination of muscles for controlled motion to ensure the 

desired response is successfully obtained. 

 

2.2.6 Feedback 

The feedback loop in Wickens‟ and Hollands‟ model of human information processing stages 

stresses that the information can be initiated at any point and that the information is 

continuous. Further Wickens and Hollands (2000) stress that feedback is significant to 

establish that the intended goal was obtained, therefore the delay of the system in responding 

to human actions is a critical factor. For the driver the feedback can either be sensed directly, 

or when interacting with the vehicle. When driving the execution of response and the 

feedback is often based on kinetic activation; and therefore, crucial since it is important for 

driving the vehicle (Pattern, 2007). 

 

 

2.2.7 Attention 

Attention in Wickens and Hollands model of human information processing stages refers to 

the supply of mental resources. Numerous mental, non-automatic operations need the 

selective application of these mental resources. Human attention can be divided into three 

categories:    

 

Selective attention. In many situations there is a redundancy of information and the perceiver 

needs to choose, select, what to perceive. For example, a driver needs to select and divide her 

attention between both driving and the traffic situation (Danielsson, 2001).  

Focused attention. Describes the need to focus on the appropriate stimulus source and ignore 

the distractions (Danielsson, 2001). 

Divided attention.  Illustrates the opposite from focused attention. Divided attention enables 

the human to simultaneously follow information from many stimulus sources. For example, 

drivers that must scan the highway for road signs and at the same time drive the vehicle. It is 

the state of attention humans use most since it is the most natural, this also enables us to 

parallel process information. Dividing attention between different modalities such as vision 

and auditory is easier for the human than dividing attention within a single modality (Wickens 

and Hollands, 2000). 

 

2.3 Haptics 

Haptics is the science referring to the sense of touch and most likely derives from the Greek 

word haptesthai, meaning contact or touch. Touch differs from vision and hearing in that it 

requires contact and its receptors are spread over the whole body. For this reason the tactile 

perceptual field, is restricted to the zone of contact with objects. There is a distinction 

between passive tactile perception, where stimulus is applied to an immobile part of the body, 

whereas the active haptic (or kinaesthetic) touch demands voluntary movements (Hatwell et 

al., 2003). Examples of tactile information include temperature, texture, pain and vibrations 

whereas examples of kinaesthetic information include bodily position, movement of the 

muscles, tendons and joints.  
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2.3.1 Multimodality- Haptic & Vision 

Multimodal interaction provides stimulus to a number of senses. The benefit of multimodal 

perception is that a weakness of one modality is offset by the strengths of another. When 

applied to multimodal interfaces this is often referred to redundancy coding (Wickens and 

Hollands, 2000).  

 

According to Hatwell et al., (2003) haptics is largely redundant with vision in that the touch 

strengthens the visual impression of spatial knowledge of the environment and the object. 

Although, a phenomenon called visual dominance often appears when multimodality is being 

used, meaning visual information has priority over other senses. However this is not always 

the case. Heller discovered haptic dominance prior visual dominance when subjects 

recognized shapes of letters when using haptic and vision modality simultaneously (Wickens 

and Hollands, 2000). 

 

According to a study (Rydström et al., 2007) adding rich haptic feedback to a multifunction, 

menu-based system when visual information is provided is only more time-consuming, since 

serial encoding is necessary. Oakley et al., (2000) came to somewhat the same conclusion 

when they stated that the use of haptic feedback in an interface did not improve the task 

completion time. However, the number of errors was reduced, as well as the estimated 

subjective workload. In another study, Oakley et al. (2001) compared different feedback 

conditions; only haptic, only visual and adjusted (both visual and haptic) feedback. They 

found that adjusted feedback can provide performance benefits in terms of task time, slide 

over errors and overall workload. 

 

 

2.3.2 Haptics for in-vehicle use 

Driving is a complex task since the drivers must perform lateral-directional loop closure, 

longitudinal loop closure, information gathering, and hazard detection. The primary sensory 

channel for information gathering while driving is assumed to be visual. Obvious evidence for 

this is that you need to have your eyes open to safely manoeuvre a vehicle. Consequently, it is 

important to reflect on secondary driving tasks causing visual load (Wirewille, 1993 and 

Sivak, 1996). Both simulator studies as well as studies carried out in real driving environment 

have revealed that secondary tasks that involves visual-manual and cognitive tasks affect 

driving performance in different ways. The consequences of visual-manual tasks increase 

visual time off road and reduced ability to stay in the lane. However cognitive tasks lead to 

improved lane-keeping performance and cause gaze concentration towards the road centre and 

contributes to visual detection impairment (Engstrom et al., 2005). 

A simulator study made by Rydström et al.,(2005) where the subjects performed secondary 

tasks with a rotary haptic device, with different setting for feedback as the independent 

variable, revealed that the haptic feedback leads to a cognitive load on the driver and also that 

the haptic is not actively used when visual feedback is offered.  

According to Steenbekkers and Van Beijsterveldt (1998) the tactile sense is underestimated in 

vehicle use, based on the fact that the number of old drivers is increasing rapidly and the 

sense of touch does not degrade with age, in contrast to hearing and visual abilities. After 

carrying out a usability-study in a driving simulator Isaksson et al., (2003) stated that the use 

of haptic interfaces for in-vehicle use are to consider when the tasks are more complex, while 

traditional interfaces are superior for simpler tasks. Porter, Summmerskill, Burnett and Prynne 
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(2005) did studies where they considered the possibility of adding haptic to aid in-vehicle 

tasks. The studies were carried out both in a driving simulator and in a real driver 

environment, and resulted in a few guidelines for designing „eyes-free‟ interfaces. According 

to these guidelines it is important to avoid tactile information on the surrounding surfaces in 

order to prevent that the nearby area will be mixed up with the intended control. In order to 

ease the interaction the guidelines stress the importance of applying consistent and redundant 

information between modes, both when it comes to visual and tactile feedback. Finally it is 

said to be very efficient to use correct tactile feedback with perfect timing.  

 

 

2.4 Control Operations 

When an operator moves a control there are already expectations concerning how the display 

will respond to the control activity. Technically this can also be categorized as cognitive-

response-stimulus(C-R-S) compatibility. When the design of a control forces the operator to 

go against the C-R-S compatibility this may begin further, unnecessary and possibly 

unsuccessful control action. The movement compatibility should be viewed as an important 

guideline for control design (Wickens and Hollands, 2000). Since driving often can be 

stressful and put a high workload on the driver it is essential to apply these guidelines in the 

form of stereotypes in order to avoid mistakes (Stevens et al, 2002). A number of general 

movement expectations according to Chengalur, Rodgers and Bernard (2004) are shown in 

Table 1.  
 

Table 1. Movement expectations 

ON Up, right, forward, 

press 

OFF Down, left, towards 

the driver, pull 

Increase Up, right, forward 

Decrease Down, left, towards 

the driver 

 

 

2.5 Visual Perception 

Through the eyes we perceive contrasts, depth, shapes, brightness and colour which is why 

the eyes provide us with the main spatial information. There are important principles in visual 

perception, such as, the Gestalt laws that are useful when understanding how we perceive 

organized patterns or whole, instead of numerous, separate parts. The foundation of the 

Gestalt laws is that the whole is greater than the sum of its parts. Examples of the Gestalt laws 

are that people tend to group nearby objects or with similar properties such as colour, shape 

and texture, accustom to close things when things are not closed and finally consider objects 

to an entity if it is characterized by smooth lines or curves (Danielsson, 2001). 
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2.5.1 Visual Information Presentation in driver environments 

Driving is primarily a visual task it is therefore of the highest importance that the system 

design makes sure that the amount of information accessible to the driver should be kept to a 

minimum. The information should also be accurate, consistent and compatible with the road 

network. The system should also have unified interface and be consistent throughout all the 

functions when it comes to features like colours, formats and menus. This is especially 

necessary for in-vehicle interfaces that have access to third party information such as the web 

portal (Stevens et al., 2002). When designing a display for drivers it is important that the 

overall density, local density and grouping are simple. The overall density should not be 

excessive to avoid driver overload. To provide structure in a display there should be blank 

spaces around a symbol or item. Grouping refers to how likely items are perceived as groups 

depending on how closely they are placed. For example, items that are associated with a 

particular function or that operate together should be arranged in “functional groups.” The 

icons most frequently used should be placed in the best position, where appropriate, to aid the 

direction of the attention and understanding. At first sight of a visual display the user tend to 

focus on the top and on the centre of the display, which is why the designer should place the 

most important icons at the top, or in the centre, of the display (Stevens et al., 2002; 

Danielsson, 2001).   

 

The optimal choice would be if the driver only has to glance at the display a few times in 

order to absorb the information, where the average glance duration should not exceed 1.2 

seconds (Wirewille, 1993). The total task time should be less than fifteen seconds (Green, 

1999).  

Frequency is a useful way to organize objects. If objects which are searched for more 

frequently than others are easily accessible, the expected search time can be reduced. An 

object hard-to-access requires additional visual search, decision-making, response selection 

and greater uncertainty, which impose a significant burden on the drivers‟ attention, causing 

potential distraction (Wickens and Hollands, 2000). 

 

 

2.6 Graphical User Interface (GUI)  

A good Graphical User Interface (GUI) is characterised by how easy it is to use and learn, its 

efficiency and aesthetic attractiveness. General design guidelines like the Gestalt laws and 

structured search should be applied to GUI design. The definition of usability according to the 

International Standard Organisation (ISO) is “[the] extent to which a product can be used by 

specified user to achieve specified goals with effectiveness, efficiency and satisfaction in a 

specified context of use” (ISO 9241-11).   

 

According to Nielsen, usability is not only a quality aspect but also a method that facilitates 

ease-of-use throughout the design process and is defined by five components: 

 “Learnability: How easy is it for users to accomplish basic tasks the first time they 

encounter the design.  

 Efficiency: Once users have learned the design, how quickly can they perform tasks?  

 Memorability: When users return to the design after a period of not using it, how 

easily can they re-establish proficiency?  
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 Errors: How many errors do users make, how severe are these errors, and how easily 

can they recover from the errors?  

 Satisfaction: How pleasant is it to use the design?” 

(http://www.useit.com/alertbox/20030825.html)  

Cotes (1997) set up ten principles for GUI design that can to great extent be applicable for 

GUIs for in-vehicle use. The guidelines are as follows: 

 

Consistency at widget level. Visual controls such as buttons should fulfil the user expectations 

and behave consistently. For example, if one icon responds to a single mouse click then every 

button should respond to a single click. Otherwise, the button should be given a distinctive 

appearance. The use of well known metaphors is a good example  

 

Consistency at the platform level. The program needs to fulfil the users‟ expectations and stay 

consistent, for example, mouse gestures and placement of menus should, to a great extent, be 

based on the users prior knowledge gained from other programs. It is also essential to 

maintain constancy with the host platform when designing a cross-platform. 

 

Use warnings and error dialogs sparingly. The designer should prevent user errors by helping 

the user to enter the appropriate data, to limit user actions by dimming disabled options that 

can not be selected, for example. 

 

Provide adequate feedback. The feedback needs to be consistent in order to help the user to 

quickly achieve a basic understanding of the system. It is important that the user knows if a 

step is in progress or completed; even a novice user should be able to tell which steps that 

have been carried out. 

 

Create a safe environment for exploration. Good interfaces allow the users to explore the 

program. A good way of encourage exploration is to allow the user the possibility to undo and 

redo, this way the user will feel safe and competent while navigating the interface. 

 

Strive to make your application self-evident. Always strive to design a self-evident interface 

that needs no explanation, even novice user should be able to cope without frequently 

referring to manuals. 

Use sound, colour, animation and multimedia clips sparingly. Colour and sound should never 

be used as the sole means to navigate in an interface, instead it should reinforce and complete 

the feedback to fulfil tasks. 

Help users customize and preserve their preferred work environment. An interface used by a 

single user is suitable for a few registry entries such as the window's latest size and position. 

If, on the other hand, there are multiple users it is a good idea to use user-specific profiles. 

Avoid modal behaviours. Modality can interrupt the user‟s focus and their goal-oriented 

behaviour since they limit more intuitive or natural responses, and should therefore be used as 

consequence of the metaphor. If an application needs modal behaviour it should be based on a 

real world analogy with strong metaphors. 

The principle of transparency. The users should not be aware of the interface itself but theie 

attention should naturally be drawn to the task. Everything between layout design to 

http://www.useit.com/alertbox/20030825.html
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metaphors should guide the users and live up to the expectations of the users. The most 

essential thing when designing an interface, so as to insure transparency, is to perform user 

tests which reveals important information that can allow the avoidance of problems with the 

product at an early stage, before changes are not possible or very expensive.  
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3 Method 

Apart from information gathering, which is an ongoing process during the project, this project 

has been carried out according to the systematic problem solving method presented in Hamrin 

and Nyberg (1993). This method divides the process into three main phases; problem 

determination, problem investigation, and problem solving. The phases are explained in more 

detail below. 

 

3.1 Information Gathering 

The information gathering is an ongoing process during the whole project and aims, during 

the opening phase, to create a theoretical foundation for the project. Information concerning 

HMI, haptics, GUI, and multimodality, was collected from literature, articles and unstructured 

interviews with persons at Volvo Car Corporation, the Department of Human Work Science 

at Luleå University of Technology and CEA. 

 
Interaction with the MR-Drive was made in order to gain some general knowledge about the 

technique used in the device. It was also necessary in order to understand the interaction 

possibilities and limitations of the device.     

 

In order to broaden the already existing knowledge of rotary device interaction methods for 

in-vehicle use, benchmarking was done at the Geneva motor show in March 2008. Cars 

included in the benchmark were: BMW, Audi, and Merceds-benz.  

 

3.2 Problem Determination 

In this step the problem is clarified and delimitated so that there are no doubts what the 

outcome of the project will be. The aim, objective and the delimitations should be formalised 

during the problem determination phase. During a meeting with representatives from CEA, 

Volvo Car Corporation, Luleå University of Technology and the author; the aim, objective, 

and delimitations were specified with regards to the timeframe of this master thesis.      

 

 

3.3 Problem Investigation 

In the Problem investigation phase, the problem is divided into elements in order to analyze 

the background of the problem, the present state and future situation. The information 

gathered from the literature, articles and benchmarking investigation, was reviewed in detail 

in order to set a more profound problem specification. The analyses resulted in a requirements 

list, which was updated throughout the project and served as a base for the following work.  
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3.4 Problem Solving  

In order to find a solution the first step in this phase is to find solutions. To find the best 

solution, the second step would be to determine the value of each solution with consideration 

given to the requirements list. During the concept generation a brainstorming step with a 

small group of people was made. When the preliminary concepts were completed a concept-

evaluation with respect to the requirements list was carried out, which somewhat worked as a 

second brainstorming session. When the concept of the graphical user interface was 

determined, haptic textures were developed. The textures that were found interesting for the 

application were further investigated in a user test. 
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Figure 2. The MR-Drive 

 

 

4 Information gathering 

     

4.1 Product Review 

The technology in the MR-Drive is based on Magneto-rheological 

(MR) fluid which is sheared between two magnetic poles by a thin 

cylinder. When applying a magnetic field on the MR fluids, 

suspensions of micron sized ferromagnetic particles align to form 

chains where the mechanical resistance is a function of the intensity 

of the magnetic field. The motion applied by the user and the 

magnetic field will generate a torque. The benefit by using MR 

fluids in order to generate haptic patterns is the large torque range 

and the stable, short response time (Roselier et al., 2008).  (Figure 2). 

4.2 Benchmarking 

During the benchmarking process infotainment systems from Audi, BMW, and Mercedes-

Benz were observed (Table 2). With consideration given to the relevance of this subject to 

this thesis the emphasis was on functions concerning the manual interaction operations and 

the system design. Since BMW is the only car manufacture offering internet in vehicles, the 

connectedDrive has been studied in more detail compared with the other two infotainment 

systems.  

 
 

Table 2. Infotainment controls for in-vehicle operations. 

 BMW Audi Mercedes-Benz 

Rotary device  X X 

Haptic rotary device X   

Translation 

movements 

 

X 

 

 

 

X 

Choice buttons  X  

Menu button X  X 

Return button  X X 

Short cuts buttons  X  

4.2.1 BMW iDrive 

The connectedDrive is BMW‟s prototype, very close to mass production, for internet use in 

vehicles. The internet will be shown on a car display. Surfing the internet is possible by 

typing in URLs, via a personalized list of favorites, or via BMW Online‟s direct access to 

Google. It is also possible to download Google maps from other devices. The main menu 

contains different categories (BMW, Information, leisure, news) and each includes different 

sub categories with different webpage links. For example, the category, “leisure”, has the 

subcategories; travel and 

culture. The user interface within the vehicle is BMW‟s iDrive, a haptic rotary device. 

Moving the iDrive controller in various directions (north/south & east/west) moves the cursor 

on the  



15 

Figure 4. BMW online  service, 

weather report information. 

 

 Figure 3. BMW’s iDrive 

internet site, it works somewhat like a computer cursor. In order to select links or specific 

items the controller is pressed. To navigate the basic functions, which are placed in a separate 

menu to the left in the display the cursor is moved to the menu and then the controller is 

turned. The basic functions are always present and independent of menu or mode (Figure 3 

and 4). 

   

            
 

 

 

 

4.2.2 Audi MMI 

The Audi Multi Media Interface (MMI) is based on a rotary knob, which is turned in order to 

navigate within the subordinated menu. Six additional keys are located at the sides of the 

rotary knob offering access to the systems main functions. There is also a return button in 

order to reach a higher menu level. Finally there are four keys placed around the rotary knob 

that are used to activate functions shown in the corners of the display. The display is located 

in the top of the dashboard. (Figure 5 and 6). 

 

 

              
 

 

  

 

  

 Figure 5. Audi’s MMI Multi Media 

 Interface 

Figure 6.  The GUI of Audi’s MMI, 

The album of an iPod.  
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4.2.3 Mercedes-Benz Rotary Knob 

Mercedes- Benz rotary knob can be pressed, turned and moved in various directions (north, 

south, east and west). There are also two buttons; one menu-button and one return button. The 

menu consists of three fields; The upper field contains the main modes; Navigation, audio, 

television, video and system. The large central field shows the main mode selected in the 

upper field. The field on the bottom of the screen contains the menus of the main modes. The 

menus contain sub menus. To navigate between the three fields the rotary knob is moved 

north/south. To navigate within a field the rotary knob is turned or moved east/ west. To enter 

a submenu the rotary knob is pressed, to navigate within a submenu the rotary knob is turned. 

Finally, to leave a submenu the rotary knob is moved east or west (Figure 7 and 8). 

 

            
 

 

 

 

 

 Figure 7.  Mercedes-Benz’s Rotary 

 Knob. 

 Figure 8. Mercedes-Benz’s GUI, 

 Navigation-mode.  
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5 Problem Investigation 
The analyze of the problem resulted in a requirement list for the following work. The 

requirement list contains design guidelines that strive to ease the navigation within the menu 

by emphasising the correct placement of items, proper haptic feedback and good operational 

design. 

 

5.1 Requirement List 

 

Operation design  

 Apply movement compatibility. 

 Avoid tactile information on the surrounding surfaces. 

 

 

Haptic design 

 Clear and distinct feel for each group of functions. 

 Redundant haptic and visual information. 

 Correct haptic feedback with perfect timing. 

 

 

Graphical User Interface 

 Easy access to the most essential and most frequently used functions. 

 Arrange items operated together or associated with a particular function in „functional 

groups‟. 

 Easy return to the main menu. 

 Easy reversal of actions.  

 Prevent unsuitable interaction while vehicle is in motion. 
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6 Problem Solving 

 

6.1 Concept generation 

In the first phase of the concept generation the focus was on specifying possible internet-

functions for in-vehicle use. The second step was to generate a number of graphical user 

interface concepts containing manual interaction concepts based on the knowledge gathered in 

the first phase. Finally the graphical user interface concept of choice was refined.  

 

6.1.1 Internet functions   

In order to find out which internet functions could be suitable for in-vehicle use, the criteria 

was based on; a combination of the basic and most frequently used internet functions of a 

computer and functions already used in vehicles by nomad devices or built-in infotainment 

systems. Functions considered to operate together or to be associated with a particular 

function were placed in the same group, as follows;   

 

Main Items 

 Address field 

- History of webpages (sub menu) 

 

 Search field 

- Various search engines (sub menu) 

 

 Bookmarks 

- Add bookmark (Sub menu) 

 

Shortcuts 

 Car-navigator 

 Phone 

 Radio 

 E-mail 

 

Address field, search, and bookmarks were placed in the same group due to the similarity in 

the consequence of usage, i.e. all the functions require the use of a keyboard and they are all 

associated to frequently used functions when surfing the internet on a computer. The main 

items also have sub menus that are similar to the sub menu-interaction concept on a computer.    

Car-navigator, phone, radio, and e-mail are all functions already considered to exist in in-

vehicle infotainment systems and nomad devices used in vehicles. These functions involve 

little or no interaction with the keyboard, the aim is that e-mail will be limited to only reading, 

preferably by an in-built voice function. Since drivers are to some extent already used having 

access to these functions while driving they are also regarded as functions they would prefer 

to have access to while driving. 

 

The shortcuts should have the best location due to the fact it is probably the most frequently 

used group while the vehicle is in motion, even for novice users. The main items are probably 

used frequently as well; however since it involves regular interaction with the keyboard and 
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browsing of webpages which often contains a large amount of text, colour, and animation 

they are not suitable for use while driving, since it involves too much visual attention.    

 

   

6.1.2 Graphical User Interface 

Several concepts with various graphical user interface designs were developed; three of them 

were chosen to be investigated further and are described in more detail below. 

 

6.1.3 Evaluation 

The concept evaluation of the three concepts was made together with the author‟s supervisor 

and representatives from CEA.  

 

Concept 1 

 
Figure 9. Concept 1.    Figure 10. Keyboard of concept 1. 

In concept 1 all the functions are placed in a row on the top of the screen in order to imitate a 

web browser of a computer. The row is independent of the web pages. The submenus will be 

show an in column below the row (Figure 9). When the vehicle is in motion the main items 

will be greyed out and only the shortcuts will be available in order to prevent unsafe usage. 

The keyboard is a QWERTY-keyboard, (Figure 10). 

 

In order to navigate within the row, the MR-Drive should be turned, and to navigate within 

the column translated in south/north-direction. To select something the MR-Drive should be 

pushed. In order to navigate between the previous/next webpage translation in west/east-

direction should be applied. To navigate horizontally within a keyboard-row the MR-Drive 

should be turned and in order to navigate between the keyboard-rows south/north translation 

should be applied. 

 

Concept 2  

       
 Figure 11. Concept 2.     Figure 12. Keyboard of concept 2. 
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Concept 2 consists of two columns, where a column to the left in the screen contains all the 

functions and is independent of the web pages, the other column displays the submenus 

(Figure 11 and 12). When the vehicle is in motion only the short cuts will be available to the 

user, the main functions will be greyed out. 

 

To navigate in the column to the left the MR-Drive should be translated in south/north-

direction. In order to navigate in the other column the MR-Drive should be turned. To 

navigate to the previous/next webpage translation in west/east-direction should be applied. In 

order to select something the MR-Drive should be pushed. To navigate between the keyboard 

keys the MR-Drive should be turned. 

 

 

Concept 3 

 
Figure 13. Concept 3    Figure 14. Keyboard of concept 3. 

 

In concept 3 the main functions are located in two different places, two rectangular fields on 

the top of the screen represent the web browser and the search engine and one rectangular 

field located in the bottom of the screen represents the bookmark function. The submenus will 

be shown in columns below each main function. The layout of the functions is dependent of 

the webpage. The shortcuts are represented by a circle in the middle of the screen. When 

vehicle is in motion the screen will only show the circle containing the shortcuts (Figure 13 

and 14). 

 

In order to navigate between the main items a translation movement in the south/north-

direction should be applied. To navigate within the circle, as well as enter and navigate within 

a submenu the MR-Drive should be turned. Translation movements in west/east-direction 

navigate between the previous/next webpage. In order to select something the MR-Drive 

should be pushed. To navigate within the keyboard the MR-Drive should be turned. 

 

Since it is not possible to render haptic textures when performing translation movements 

Concept 3 was considered as a good choice due to the fact that it involves less translation 

movements compared to the rest of the concepts, instead turning is used more frequently. 

Also in concept 3 the shortcuts are placed in a circle and separated from the address-field, the 

search engine, and the bookmarks, which are all functions that will not available while 

driving. When the vehicle is in motion only the circle will be accessible, this way the user 

does not have to learn a new interface while the car is in motion and the navigation will be 

easy since the circle will only require turning the MR-Drive. The advantage by using a circle 

was considered to be the assumed in correlation with the mental model and the movement 

compability the user has of a round turnable button, and by placing the four shortcuts in a 
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circle, one shortcut is never the movement further away than two steps. Furthermore the fact 

that we tend to focus on the middle of a screen when first looking at a display or screen was 

yet another reason to vote for the circle in the middle and concept number 3. Finally the 

concept 3 was the concept of choice to be further developed to a prototype. 

 

 

 

6.1.4 Further development 

The internet navigation prototype was limited to include; main menu, keyboard, and a web 

page scenario. 

 

The layout of the main menu was given a cleaner design in order to focus on the GUI from a 

HMI perspective and not from aesthetical point of view (Figure 15 & 16). 

 

  
Figure 15. Main menu.                     Figure 16. Main menu with the submenu of the                  

dfkgdfgndfm,ngdfgnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn address field activated. 

 

 

 

A different layout of the keyboard was developed since navigating with the MR-Drive on a 

QWERTY- keyboard ought to be too slow. In the new keyboard layout the letters are grouped 

together. By turning the MR-Drive fast the user navigates from one group key to another and 

by turning it slow the user navigates through all the letters one by one. The keyboard also 

contains subcategories, for example the subcategory of numbers that will be entered by 

pushing the MR-Drive (Figure 17). 

 

 
 

 
 Figure 17. keyboard. 
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  Figure 18. Webpage scenario. 

 

A webpage scenario was made with emphasis on limiting the information presented to the 

user, only vertical scrolling, zoomable parts, as well as redundant haptic and visual feedback. 

To navigate within the text and links on the webpage the MR-Drive should be turned, and 

pushed in order to choose a link. The webpage scenario can be viewed in Figure 18. 

 

 
 

 

 

In order to provide a consistent and fast way to return to the main menu independent on the 

current position in the menu system, an additional translation movement to the west was 

added. By translating the MR-Drive for a longer period of time in west direction the user 

returns to the main menu. Translating the MR-Drive for a shorter period of time to the west or 

east will be used to navigate to the previous/next web pages. The backward internet 

navigation can be viewed in Figure 19, where Translation west direction for navigating to the 

previous page is referred to as Tw1, west translation for return to the main menu is referred to 

as Tw2, east translation to Te, and north/south translation to Tn/s. The letter in italics refers to 

navigation within a function. 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 
Figure 19. Backward MR-Drive internet navigation 
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The menu-tree and the interaction steps for the MR-Drive internet navigation prototype can be 

viewed in Figure 20.   

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 20. The MR-Drive internet navigation. 

 

6.2 Haptic Textures  

Because of the time frame of this master thesis it was decided to limit the haptic texture 

design to only four haptic textures for the first prototype. One texture for each shortcut in the 

circle of concept 3. 

 

When developing the textures the desirable texture characteristics was on textures that feels 

good, are easy to discriminate, feels the same independent of speed, and matches the 

applications. The desirable texture characteristics were also inline with the earlier stated 

requirement list for the haptic textures. Ten haptic textures containing of five different 

waveforms were developed (Appendix 4). The waveforms represented are; Sinus-, triangular-, 

arc-, line- and square-form. All of the haptic textures have different torque, varying between 

0.0074Nm and 0.099Nm.   

 

  

 

6.2.1 User Study 

The objective of the user study is first to separate four out of ten haptic textures based on the 

desirable texture characteristics. Secondly to understand if it is possible to determine whether 

individuals prefer haptic textures based on the waveform or torque.    
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6.2.1 Subjects 
A total of ten subjects participated in the study. All of the subjects were right handed. The age 

varied from 22 to 28 years and the majority was French students doing their internships at 

CEA. 

 

6.2.2 Equipment 
The only equipment the subjects got in contact with during the study was the MR-Drive rotary 

device, which rendered the haptic textures. The study instructor used a computer to transmit 

the haptic textures.  

 

6.2.3 Setup 
The subject sat on chair with the MR-Drive located on the right, while the instructor sat on the 

other side of a desk, controlling the texture presentation. The subject started by filling in a 

questionnaire (Appendix 3). After brief instructions read out load from a script (Appendix 1), 

the subjects started to interact with the MR-Drive. The subjects first interacted with three test-

textures in order to get to know the equipment, no data was recorded at this point. The 

subjects then interacted with the ten textures which were compared in pairs. All the textures 

participated in three pairs each, in total fifteen pairs. The emphasis on the texture-pair 

allocation was on comparing similar textures with each other. The subject was allowed to 

switch multiple times between the two textures. The texture-pairs were presented to the 

subjects in random order. For each pair the subject was asked to compare the texture based 

on; preference and dissimilarity, sketch the texture, and finally to match each of the textures 

with one of the four applications (Appendix 2). 

 

 

 

6.2.4 Results 
In the study there were few missing values (5%) for textures that could not be differentiable 

from each other.  

 

Based on the study the four most preferred textures are; a, e, l and f (texture f and k have the 

same mean value but the standard deviation of texture f is lower than the standard deviation of 

texture k) (Figure 21 and Table 3). 
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 Figure 21. Number of times a texture was preferred. 
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Table 3. The mean value and standard deviation for the number of times a texture was preferred.   

 

 

 

 

 

 

There seems to be a tendency to prefer textures with a lower torque (Figure 22 and Table 4). 
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Figure 22. The number of times a torque was preferred. 

 

 

Table 4. The mean value and the standard deviation for the number of times a torque was preferred. 

Texture g e h a l j k f c b 

Mean value 1,56 2 1,6 2,1 1,89 1,22 1,75 1,75 1,6 0,56 

Torque 0,007 0,017 0,017 0,021 0,021 0,025 0,025 0,04 0,049 0,099 
Standard 
deviation 0,882 1 0,9661 0,994 0,866 1,118 1,1877 0,518 1,265 0,7265 

 

 

According to the study the most preferred waveforms are; Sinus, square, triangular, line and 

arc (Figure 23 and Table 5).  
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Figure 23.The number of times a waveform was preferred. 

 

 

 

 

Texture a e l f k c h g j b 

Mean value 2,1 2 1,89 1,75 1,75 1,6 1,6 1,56 1,22 0,56 

Standard 
deviation 0,994 1 0,87 0,52 1,19 1,26 0,97 0,88 1,12 0,73 
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Table 5. The mean value and the standard deviation for the number  

of times a waveform was preferred. 

Waveform Sin Square Triangular Line Arc 

Preference average 1,85 1,83 1,78 1,42 1,1 

Standard deviation 1,137 0,9963 0,95828 1,06 0,9 
 

The subjects had strongest application associations with the following textures; 

 

GPS-navigator: a and j.    

Telephone: c. 

Radio: f. 

E-mail; l. (Table 6). 
 

Table 6. The mean value for the number of associations between the textures and the applications. 

  a b c e f g h j k l 
GPS-
navigator 1,1 0,5 0,7 0,8 0,6 0,9 0,7 1,1 0,7 0,5 

Telephone 0,7 1 1,3 0,6 0,4 0,6 1 0,9 1 0,9 

Radio 0,6 1 0,7 0,9 1,2 0,9 0,8 0,8 1 0,7 

E-mail 0,6 0,5 0,3 0,7 0,7 0,5 0,5 0,2 0,2 0,8 

 

Based on the most preferred textures and the application association, the recommendation 

for the four textures to be used in the GUI of choice is texture a for GPS-navigator, texture e for  

e-mail, texture l for telephone, and texture f for radio. 
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7. Discussion 
 

The aim of this thesis was to study if, and how, haptics could improve; interaction between 

the driver and the vehicle, and the safety of in-vehicle Internet use. Furthermore, the 

accumulated knowledge was to result in a prototype consisting of both haptic feedback for the 

MR-Drive and a graphical user interface (GUI). The GUI concepts were developed and 

evaluated with the haptic function in mind but was never actually tested. Currently, the 

prototype is still under development so it has not been possible to interact with the GUI, nor 

do a user study on either the GUI or the haptic feedback. It is most likely that if there had 

been the opportunity to interact with the GUI the interface would look different today since it 

is difficult to predict the complete behaviour of the user. Also, the people evaluating the 

concepts all work with technology, haptics and product development to some extent; 

therefore, it is possible that the outcome of the evaluation would have been different in 

comparison to a typical driver‟s evaluation. It would be interesting to; test if the haptic 

feedback would actually improve the interaction, and as well, to see if the GUI is intuitive and 

easy to use, in terms of one‟s ability to understand the icons and the movement expectations. 

It would also be of interest to perform the same study in a car-simulator and study the affects 

on the driver. During the simulation subjects would perform a secondary task using the MR-

Drive Internet prototype with two different haptic conditions; the first, only visual feedback 

and, the second, both visual and haptic feedback. This would help determine if the haptics 

improved and made the in-vehicle interaction safer. 

 

Since the vehicle industry is experiencing a rapid change concerning all its ADAS, IVIS, and 

nomad devices integrated into vehicles, it is difficult to predict the possible needs for Internet 

applications in the nearest future. Diverse laws in different countries concerning in-vehicle 

use of various technologies also makes it difficult to predict future needs of Internet 

applications. For example, this thesis was done as a collaboration between an institution in 

France, where it is forbidden to have a phone conversation while driving, and one in Sweden, 

where this is not the case. This is an important aspect that has affected the selection of the 

Internet application and the GUI design. This is also the motivation behind the selection of a 

circular design in the third concept, since it is easy to change and add Internet applications 

without changing the whole GUI. 

   

The ten haptic textures included in the study were based on the author‟s preferences; however, 

because of the time limit it was not possible to compare all the different parameters. 

Comparing parameters instead of textures would probably have given a deeper understanding 

of what a person‟s texture preferences are based on, and therefore could be used when 

designing the rest of the haptic feedback for the GUI. When the textures were designed it was 

not possible to measure the torque, which is why most of the textures end up with the same 

approximate value. Also the method of comparing textures in pairs has it drawbacks, 

particularly when not all the textures can be compared with each other.  

 

The part of the study when the subject got to sketch the textures existed to help overcome 

possible language barrier that might have occurred as opposed to the think aloud protocol 

typically used. The sketches matched the actual waveform, amplitude and torque well. It also 

made the subjects reflect on the textures before answering the question about dissimilarity. As 

expected the subjects seem to prefer the textures with the lowest torque, comments about 

textures being too heavy and too dependent on turning velocity were the most common 

comments from the subjects during the study. The textures were dependent on the turning 
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velocity, in that it was difficult to feel a texture when turning the MR-Drive fast. The subjects 

realized quite fast that the textures were velocity-dependent but it seemed they decided to use 

one turning speed when interacting with the textures and made the judgment based solely on 

that particular turning speed. Therefore, one might assume that subjects using different 

turning speed interacted with different textures, on the other hand it was easy to distinguish 

the textures apart (only 5% of the textures could not be distinguished from each other) so 

maybe the speed dependency does not have a big impact on how the user perceive the textures 

after all. 

 

The majority of the subjects expressed some difficulty in associating a texture with the 

applications, especially the e-mail application; some of the subjects even developed a strategy 

where they would associate their least-preferred texture with e-mail. This might be due to the 

fact that the e-mail application is probably one of the applications least-used by subjects in the 

vehicle. In combination with the French law concerning in-vehicle use of cell phones, this 

might have made the subjects sceptical about in-vehicle email use. Also, many subjects 

expressed that it was easier to associate textures and certain applications, such as telephone 

and radio, since there are pre-existing associations between those applications and the sounds 

they make. 
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Appendix 1. Test Script 
You will participate in a study, in order to make this study scientific I need to make sure that 

all the participants will have exactly the same information, which is why I will read from a 

manuscript. 

 

A disadvantage for me is that some of the participants know each other, so I would appreciate 

if you did not discuss the study with the rest of the participants since it may affect the result.  

The study concerns user interface for in-vehicle use.   

 

You are going to interact with a rotary haptic knob which will render haptic textures.  

Each of the textures is 18 degrees in length and will therefore be repeated 20 times per lap.  

You will first do a trial test, in order for you to get to know the rotary-haptic device and to get 

an idea what a haptic texture could feel like.  

 

Presenting 0-line, maximum-line (n) and texture (m).  

 

Any questions? 

 

You are now going to interact with 15 pairs of haptic textures. The textures within each pair 

will be presented one by one and afterwards I want you to sketch how the two textures felt 

and answer whether they felt the same or different and which texture that you prefer. I will 

also ask you to match the two textures with one application each. 

 

Some of the textures will appear in more than one pair. 

I want you to always turn clockwise and only to use your right hand. 

Feel free to let me know if you want to feel on one of the two textures one more time. 

 

 Do you have any questions concerning the test? 

 

You are first going to interact with one of the two textures within a pair, when you feel that 

you have a good idea of how the texture feels let me know and you‟ll be asked to sketch the 

texture. 

 

Presenting one texture. 

   

I want you to try and sketch how the texture felt in this square.  

 

I‟m now going to present the second texture within the pair, when you feel that you have a 

good idea of how the texture feels let me know and you‟ll be asked to sketch the texture. 

 

Presenting the other texture. 

 

I want you to try and sketch how the texture felt in this square.  

Showing the rest of questionnaire A.  

Now I would like you to answer whether the two textures felt the same or different and which 

of the two textures you prefer. I also want you to match the two textures with one of the 

following application each. 

Presenting questionnaire B. 

 



 

Appendix 2. Questionnaire A 

 
Was it possible to differ the two textures apart? 
Yes 

No 

If yes, how easy/difficult was it? 

 Easy               Difficult 

 

Which texture do you prefer? 

Texture 1   

Texture 2 

Why? 

……………………………………………………………………………………………………………………… 

If you have to associate the two textures to one application each, which of the following application would 

it be? 

Texture 1:   GPS-navigator  Telephone  Radio  E-mail 

 

Texture 2:   GPS-navigator  Telephone  Radio  E-mail 

 

 

 
Was it possible to differ the two textures apart? 
Yes 

No 

If yes, how easy/difficult was it? 

 Easy               Difficult 

 

Which texture do you prefer? 

Texture 1   

Texture 2 

Why? 

……………………………………………………………………………………………………………………… 

 

If you have to associate the two textures to one application each, which of the following application would 

it be? 

Texture 1:  GPS-navigator  Telephone  Radio  E-mail 

 

Texture 2:  GPS- navigator  Telephone  Radio  E-mail 

 

Texture 1 Texture 2 

Texture 1 Texture 2 



 

 

 

 

Appendix 3. Questionnaire B 

 
Age……….years 

 

Male 

Female 

 

 

Do you have a driving licence? 

No 

Yes   

 

 

Are you 

 

Right handed? 

Left handed? 

                

 

Have you ever used a GPS-navigator while driving? 

 

Yes 

No  

 

 

Have you ever used an in-vehicle rotary-knob? 

 

Yes, I tried  

Yes, I use it on a regular basis 

No 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Appendix 4. Textures 
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