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Abstract 

This report is a result of the final project of the authors’ Master of Science degree in 
Ergonomic design and production. The project was performed at Schefenacker vision 
system in Adelaide, Australia, during the autumn semester of 2006. The aim of the 
project was to develop a concept of a multi functional switch panel, that can be used in 
the next generation cars.  
 
The concept was developed by using the systematic problem solving method. To achieve 
the most suitable product, CAD software such as Catia V5 and rapid prototyping methods 
were used.  
 
As a part of the project a great study was made to investigate what functions the users 
demand and what the next trend on the market will be. To evaluate the users 
preferences a product test on existing switches where made. The test evaluated the 
style, clarity, sound and push feeling. The information gathered where used as basis for 
the design of the concept. To clarify the problems and the users, personas based on the 
information gathering where created.  
 
A lot of effort was put to achieve a good tactile feel and HMI. To get the best possible 
placement, the car interior of a 2008 car from a major manufacture was set up in the cad 
software Catia V5 where view angels and the best position for the hand were tested 
 
As soon as the structure of the menu was created a simulation was made in Macromedia 
Flash 8. The simulation gave the possibility to test the interface during the development. 
 
The style of the concept was developed by using sketches, clay models and CAID 
softwares, ALIAS studio tools and Maya. The project resulted in a physical prototype that 
was painted to get a realistic look. The prototype had a working mechanism. 
 

       -Carl Lindén & Kristine Mayer - 
 - 3 - 



  

Confidential 

 
 

1 Introduction ........................................................................................... - 6 - 
1.1 Background....................................................................................... - 6 - 
1.2 Schefenacker..................................................................................... - 6 - 
1.3 Purpose ............................................................................................ - 6 - 
1.4 Goal setting....................................................................................... - 6 - 
1.5 Limitations ........................................................................................ - 6 - 

2 Theory .................................................................................................... - 7 - 
2.1 Human machine interaction ................................................................. - 7 - 

2.1.1 Maneuver controls ....................................................................... - 7 - 
2.1.2 Arrangement and grouping of controls ............................................ - 7 - 
2.1.3 Mapping ..................................................................................... - 7 - 
2.1.4 Anthropometry............................................................................ - 8 - 
2.1.5 Haptic........................................................................................ - 8 - 
2.1.6 Feedback.................................................................................... - 8 - 
2.1.7 Dimensions of push buttons .......................................................... - 9 - 
2.1.8 Left or right-handed..................................................................... - 9 - 
2.1.9 Visual ergonomics........................................................................ - 9 - 
2.1.10 Color coding ..............................................................................- 10 - 
2.1.11 Symbols and icons......................................................................- 11 - 
2.1.12 Mental models............................................................................- 11 - 

2.2 Styling design...................................................................................- 11 - 
2.2.1 Gestalt factors ...........................................................................- 11 - 
2.2.2 Golden ratio...............................................................................- 13 - 

2.3 Engineering design............................................................................- 13 - 
2.3.1 Materials ...................................................................................- 13 - 
2.3.2 Injection molding .......................................................................- 13 - 
2.3.3 Mechanical properties..................................................................- 14 - 
2.3.4 DFMEA and Construction Chart .....................................................- 14 - 

2.4 Information Gathering .......................................................................- 14 - 
2.4.1 Questionnaires and tests .............................................................- 14 - 

2.5 Safety demands................................................................................- 15 - 
2.6 Gallery Method .................................................................................- 15 - 

3 Method...................................................................................................- 16 - 
3.1  Information gathering.......................................................................- 16 - 

3.1.1 Benchmarking............................................................................- 16 - 
3.1.2 Sources of inspiration..................................................................- 16 - 
3.1.3 Questionnaire ............................................................................- 16 - 
3.1.4 Product test ...............................................................................- 16 - 
3.1.5 Personas ...................................................................................- 18 - 

3.2 Problem clarification ..........................................................................- 19 - 
3.2.1 Project plan ...............................................................................- 19 - 
3.2.2 Requirement specification ............................................................- 19 - 

3.3 Problem investigation ........................................................................- 19 - 
3.3.1 Objectives Tree ..........................................................................- 19 - 
3.3.2 Weight Tables ............................................................................- 19 - 

3.4 Problem solving ................................................................................- 19 - 
3.4.1 Concept generation.....................................................................- 20 - 
3.4.2 Idea matrix ...............................................................................- 20 - 
3.4.3 Elimination ................................................................................- 20 - 
3.4.4 Concepts ...................................................................................- 20 - 
3.4.5 Evaluation of concepts.................................................................- 20 - 
3.4.6 Concept weighting ......................................................................- 20 - 
3.4.7 Concept evolution.......................................................................- 20 - 
3.4.8 Final design ...............................................................................- 21 - 

       -Carl Lindén & Kristine Mayer - 
 - 4 - 



  

Confidential 

 
3.5 Visualization.....................................................................................- 21 - 

4 Results...................................................................................................- 22 - 
4.1 Information gathering........................................................................- 22 - 

4.1.1 Benchmarking............................................................................- 22 - 
4.1.2 Sources of Inspiration .................................................................- 22 - 
4.1.3 Questionnaire ............................................................................- 23 - 
4.1.4 Product test ...............................................................................- 23 - 
4.1.5 Personas ...................................................................................- 23 - 
4.1.5 Personas ...................................................................................- 24 - 

4.2 Problem clarification ..........................................................................- 25 - 
4.2.1 Project plan ...............................................................................- 25 - 
4.2.2 Requirement Specification............................................................- 25 - 

4.3 Problem investigation ........................................................................- 25 - 
4.3.1 Objectives Tree ..........................................................................- 25 - 
4.3.2 Weight Tables ............................................................................- 25 - 

4.4 Problem solving ................................................................................- 25 - 
4.4.1 Concept generation.....................................................................- 25 - 
4.4.2 Idea matrix ...............................................................................- 26 - 
4.4.3 Elimination ................................................................................- 26 - 
4.4.4 Concepts ...................................................................................- 26 - 
4.4.5 Evaluation of concepts.................................................................- 28 - 
4.4.6 Concept weighting ......................................................................- 29 - 
4.4.7 Concept evolution.......................................................................- 29 - 
4.4.8 Final design ...............................................................................- 30 - 

5 Discussion .............................................................................................- 37 - 
 

       -Carl Lindén & Kristine Mayer - 
 - 5 - 



  

Confidential 

 

1 Introduction 

1.1 Background 
Schefenacker is a company that makes parts to the automotive industry. To be one step 
ahead of the competitors Schefenacker will benefit from having a switch panel concept to 
show their customers what they can achieve. The thesis is to design a switch panel that 
primarily operates the power windows but also other functions in the car. How many and 
which functions that can be integrated into the panel will be investigated.  

1.2 Schefenacker 
Schefenacker is a supplier to the automotive industry, with factories all over the world 
and the head office in Esslingen, Germany. Schefenacker international is the leader in 
rear vision mirror manufacture with 30% of the world market. Schefenacker also produce 
door handles, power window switches etc. 

In 1994 Schefenacker international decided to have a factory in Adelaide, Australia and 
started Schefenacker Vision System Australia, SVSA. The company has today around 400 
employees in Adelaide.  

SVSA deliver generally to Ford and Holden but Schefenacker international costumers 
include Daimler-Chrysler, General Motors, VW/Audi Renault/Nissan, Hyundai, Volvo, BMW 
and Toyota.  

1.3 Purpose 
The purpose is to develop a switch panel concept for the next generation upper segment 
cars. The switch panel should primary operate the power windows. The purpose is also to 
investigate what more functions that can be integrated in the panel to value add the 
product. Schefenacker will be using the product for promotion purposes. 

1.4 Goal setting 
The goal is to make a switch panel that is modern, high-tech and integrates the power 
windows but also as many other functions as possible. Desirable is also to give a useable 
basis for production. The project will result in a physical model, a prototype with 
mechanical functions.  
 

1.5 Limitations 
In order to keep the project at a reasonable complexity level some limitations are done. 

• The project will include ergonomics, HMI, form giving and engineering design. 
• Electronic aspects will not be included. 
• The focus will be on the driver. 
• The production method will be adjusted to fit Schefenacker’s present production 

methods. 
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2 Theory 

2.1 Human machine interaction 

2.1.1 Maneuver controls 
There are some questions that should be asked when developing a control1; 

• What is the task and which importance has the task for handling the machine or 
the system? 

• Will the maneuver control be designed for quick or accurate operations, or be 
used with a lot of power? 

• Who is the user and during which circumstances will it be used? 

• Which comprehensive demands are connected with the task? 

• Which other tasks will be done when using the maneuver control? 

2.1.2 Arrangement and grouping of controls 
Several operational rules govern the arrangement and grouping of the controls, the most 
important and most frequently used controls shall have the best positions with respect to 
ease of operation and reach. Controls shall be selected so that the direction of their 
movement is compatible with the response movement. A control shall be located next to 
its related display. Controls that have sequential relations, that are related to a particular 
function, or that are operated together shall be arranged into functional groups and 
together with its associated display. Within each functional group, controls and displays 
shall be arranged according to their operational importance and sequence. If controls are 
operated in a given pattern, they shall be arranged to facilitate that pattern. The 
common arrangements are left to right, and top to bottom, as in reading material in the 
Western world. There should be guards against accidental activation, such as requiring 
critical forces or torques. Place the controls close to each other but do not pack to 
tightly2. 

2.1.3 Mapping 
Mapping is a technical term to describe the relationship between two things. For example 
a button with its possible movements, and the result you get from interfering with the 
button. Natural mapping makes the use of buttons or controls intuitive, for example 
when you push the upper button and the window moves upwards. When using good 
mapping, a behavior is easily learned as well as remembered. With ideal use of natural 
mapping there is no need for labels, you know immediately which control to use and how 
to use it. For example the stove, when the controls are lined up as on a regular stove it is 
not possible to tell which control goes to which plate without adding labels. But if the 
controls instead would be placed as a rectangle in the same way as the plates are there 
would only be one way to interpret the use of each one of them. When the mapping is 
right the user should be able to determine the relationship between their intention and 
possible actions as well as the relationship between taken actions and response from the 
system3. 
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2.1.4 Anthropometry 
To be able to design a product that fits the human physiology it is important to have 
good anthropometric data. Knowledge of body size and proportions is essential for the 
design of products that are going to be used by humans. The anthropometric 
measurement of the population provides a standard, statistical description of that 
population. In order to provide an adequate definition of a body dimension for a specific 
population, descriptive statistics such as mean, standard deviation, and standard error 
are used to describe the variation for that body dimension. Researchers and designers 
then use this information (anthropometric data) to achieve accommodations, 
compatibility, integration, safety, improved performance and logistic efficiency in 
human/equipment systems4.  

2.1.5 Haptic 
The word “haptic” is derived from the Greek “haptesthai” that means “to touch”. The 
definition is the use of motor behaviors in combination with touch to convey significant 
information about distal objects and events. 

You can either have a haptic or a tactile interface. The difference is that a tactile 
interface provides information more specifically for the skin receptors, while a haptic 
interface also requires movement. 

The human touch system consists of various skin receptors, muscles and tendon 
receptors and nerve fibers that transmit the touch signals to the touch centre of the 
brain, as well as the control system for moving the body. Different receptors are 
sensitive to different types of stimuli, pressure, stretch of the skin, location, vibration, 
temperature and pain. Vibrations are often apprehended as diffuse and may not be used 
for small things5.  

The capacity for feeling three-dimensional shapes is highly developed in mankind. You 
localize the object, give it a position in relation to the body and study its texture, shape, 
weight and other qualities. 

Different shape of the buttons makes it easier for the user to choose the right one, and it 
is good if the shape mediate the function. Also the use of different textures to separate 
the bottoms minimizes the chances of mistakes. 

It is also good to use a multi sense system that supports several senses such as vision, 
hearing, touching, smell and taste. It makes the system more interactive6. 

2.1.6 Feedback 
Feedback means that information is sent back to the user about what action has been 
done, and what result has been accomplished. The goal is to give each action an 
immediate and obvious effect. There are some fundamental demands that are good to 
have in mind that every action should give effect(s), that the response should be 
comprehensible and to exploit all human senses. When working with feedback it is also a 
good idea to appropriate the following “guidelines”; that less feedback if the action is 
usual, to use more feedback if the action is unusual, that the errors should be relevant 
and comprehensible, that the feedback should be continuous and it should be feedback 
after every part of the goal7. 

Sometimes, critical factors can influence the feedback. Usual problems are that feedback 
is weak, nonexistent or at wrong places, that the feedback is hard to interpret and that it 
is too much feedback. 

Sometimes the feedback is delayed. It is usual that the decision maker may have 
forgotten the processes and strategies used to make the decision in the first place, when 
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the feedback finally arrives. Therefore the decision maker may fail to either reinforce 
those processes, if the feedback was good, or correct them, if the feedback was bad. 
Also, when the feedback is delayed, it is not unusual that the decision maker has turned 
their attention to other problems and provides less attention to processing it than they 
would if feedback arrived immediately after8. 

Sound is a very common form of feedback. When a button is pressed down people 
usually expect to hear a sound as a direct form of feedback. This is more important with 
buttons where the tactile feel is not so good. There are examples of products that use 
speakers just to make the right button sound.  Sound is also very common as a feedback 
to something we do. When we start the engine of our car we do expect to hear a sound, 
if we do not hear a sound we immediately think that there is something wrong. Even if 
we hear a sound but not the same sounds as usually we think that there is something 
wrong9.  

2.1.7 Dimensions of push buttons 
There are recommendations about the dimensions and resistance in buttons (table 1) 10. 

Width of square 
or diameter 

Width of square 
or diameter 

Displacement between 
the settings 

Displacement between 
the settings 

Separation 
between buttons 

Fingertip Thumb Fingertip Thumb Single finger 

10 mm 19 mm 2 mm 3 mm 13 mm 

 
Table 1; Dimension of push buttons 

2.1.8 Left or right-handed 
When designing a control it is very important to have in mind the fact that 10% of the 
population is left-handed. Studies show that when performing motor functional tasks it 
takes up to twice as long time to do the same job with the non-dominated hand as with 
the dominated. The non-dominated hand has 90-97% of the strength that the dominated 
hand has11. 

2.1.9 Visual ergonomics 
Visual ergonomics describes how the visual presentation can be adapted to the abilities 
of the human12. The importance of good visual ergonomics is great in the work with 
monitors and other displays, especially when you look at them for a long time. Working 
with bad visual ergonomics can lead to a variety of ailments, like headaches, eyestrain, 
blurred vision, dry and irritated eyes and sensitivity to light. It needs therefore to be 
considered when designing interfaces and work environments. It is also important that 
the display provides a stable image that does not flicker13. 

The characters should be in a clean typeface without serifs to be easy to read and the 
spacing between the characters and the words should be suitable. The required size of 
the characters is not only depending on the distance between the eye and the objects, it 
also depends on the typeface and the contrast to the background. The size of the 
characters and the icons can be expressed by the subtended visual angle (v) or the 
actual height (H) (figure 1). There is a rule, the 007-rule that says that if the distance is 
1 meter then the target should be 7 mm high. From that rule a proper size of the 
smallest character can be calculated14.  
 
The brightness of the display is of great importance when the display will be used in 
different kind of light conditions and environments. A too bright display can be annoying 
and distracting if the surroundings are dark and it is therefore good if the brightness can 
be adjusted when the light conditions changes. When the brightness is properly adjusted 
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it can make the contrast higher and the readability better in the display. It is also 
important to avoid reflections in the screen. 
 

Figure 1; The 007 rule 
 

 

An object has to have another color or another luminance than its surroundings to be 
visible. The difference between luminance of two areas is called the contrast and it has 
great importance to the readability. Black and white gives the highest contrast and is 
therefore together with blue and white recommended for display screens that needs good 
readability. If there is inadequate contrast between the text and the background is it can 
be hard to read and the eyes can get strained and tired. 

The area that can be seen without moving the head is called the visual field.  The visually 
field extends approximately 15 degrees toward the nose and 90 degrees out from the 
nose. Downward is the visual field about 75 degrees and upward is it approximately 50 
degrees (figure 2). 

 

Figure 2; Vision field 

 

2.1.10  Color coding 
The color is important when designing a product and it is even more important when 
trying to interpret an interface. Color coding can be used to show that certain items 
belong or have similar functions. When using colors it is important to be consistent and 
to use the same color for the same function at all time15. Strong colors should in fact 
only be used for essential details, never as display-frames, decoration or on larger areas. 
That is because they give a strong signal-effect and draw attention. Therefore they are 
recommended to be used when displaying warnings or occurrences of errors. Color 
coding is highly useful in a graphical interface, for example when giving a deviant value. 
But it is important to be consistent when using colors to highlight information, and not to 
squander colors on less important information. When correctly used, color coding is a 
great help for the user of the interface. Some colors have a special significance for 
people, red for example is a strong signal color used at traffic lights and controls, it 
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means stop or warning and should therefore never be used on an okay button. Green has 
the opposite meaning, go or running. It must be remembered that colors can have 
different meanings in other cultures. It is also important to remember that some people 
are colorblind and can not se any difference between red and green16.  

2.1.11  Symbols and icons 
A symbol is a sign that has a meaning as a result of an agreement between people. While 
an icon looks like the thing it signifies17. The benefits with using icons in menus are that 
pictures allow rapid processing and can also serve as an “international language” and 
may therefore not need to change from country to country18. 

When using many icons, as in a menu structure it is important to consider their legibility. 
They have to be highly separated from each other. If the icons in spite look alike it 
becomes necessary to add an explanatory label next to them. The designer should also 
put an emphasis at bringing out the differential features on similar icons. When using 
icons it is better to use simple symbols than ones with too many details. The selected 
icon must be clearly distinguished on the display. 

2.1.12  Mental models 
A mental model is a mental structure that reflects the users understanding of a system or 
a model people have of themselves, others, the environment and the things with which 
they interact19. Doing predictions and try them in reality, the user draw its conclusions 
about how the system should be used. When the user is more familiar with the system 
the model get more detailed. After a time when the user is more skilled, the model only 
has to be used to solve new problems or to find the source to an error.  

Mental models are formed through training, experience and instruction. To facilitate for 
the user and to avoid breakdowns that lead to errors, give the user a correct and good 
mental model as possible. An accurate mental model of a system can be an advantage 
because it provides the user with knowledge that is useful when other learned 
procedures fail. In an inaccurate model breakdowns can occur in performance and errors 
are committed. 

2.2 Styling design 

2.2.1 Gestalt factors 
A gestalt is an arrangement of parts, which appears and functions as a whole that is 
more than the sum of its parts. There are certain factors that help us to discern gestalts; 
these are proximity, similarity, area, symmetry, enclosures’, “the good curve”, common 
movement and experience. 
 
The proximity factor helps us to create gestalts when we put things that are close to each 
other together (figure 3). For example, we use this factor to see the picture in a raster. 
The similarity factor means that things that are alike, have the same properties, belongs 
together and create gestalts (figure 4). 
 

Figure 4; The similarity factor. 

 
 
 
 

Figure 3; The proximity factor. 

 
 
 

 11 - 



  

Confidential 

 
The area factor makes us experience the gestalt more clearly the smaller the enclosed 
area is. We always see the smaller area most easily, irrespective of whether the area is 
dark or light (figure 5). Another example is that we see the Swedish flag as a yellow 
cross on a blue background rather than as four blue rectangles on a yellow background. 

 

 
The symmetry factor means that areas that are interpreted by symmetry lines are 
interpreted as uniformed figures (figure 6)20. The inclusion factor helps us to understand 
that lines that enclose an area are more easily seen as a whole (figure 7). 
 
 
                

 

 

 

The good (significant) curve factor or the common determining factor is helpful when we 
see arrangement that makes the minimum change or break in straight lines or uniform 
curves or contours. We comprehend curves that cross each other and not circles in 
different sizes that are randomly placed (figure 8). The good curve factor helps us to 
read maps and mosaics. 

 

The common movement of different elements makes them stand out as a gestalt. For 
example, on a multi-lane, dual-carriageway motorway, the groups of cars moving in each 
direction create two gestalts. 

The experience factor requires that we observe conditions in the way we have learned 
from experience in order to be able to recognize a specific gestalt (figure 9). 

 

 

It is important that the designer use the gestalt factors. These factors simplify for the 
user when she has to deal with a lot of information. Gestalt factors can be used in 

Figure 8; The good 
curve 

Figure 9; The experience factor  

r 

r 

Figure 5; The area factor  

Figure 6; The symmetry factor Figure 7; The enclosure factor 
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different ways. One way is that instrument that belongs together in a functional way 
should be placed near each other and the placement should follow good principles of 
gestalts. Another way is to integrate several variables in one object. 

Several of the gestalt factors can be summarized by the term simplicity. The human has 
a tendency to discern the simple most easily. Remember that simplicity is an important 
aspect of design work. 

2.2.2 Golden ratio  
 
Many artists and architects have proportioned their works to approximate the golden 
ratio -especially in the form of the golden rectangle.  
 
If the sides of a rectangle have this ratio, it means that the smaller is to the larger as the 
larger is to the sum of both (figure 10). The Golden Ratio is also known as the Golden 
Mean, Golden Section and Divine Proportion.  It is a ratio or proportion defined by the 
number Phi = 1.618…21. 
 

Figure 10; Golden ratio 
 

2.3 Engineering design 

2.3.1 Materials 
Solid materials are usually grouped into three types: metals, ceramics and polymers. The 
distinctions between these groups are primarily based on their chemical composition and 
atomic structure. Different types of materials possess different psychical properties and 
are consequently used for different types of designs and purposes.  
Metal is the most commonly used material in high stress designs due to its mechanical 
properties. It is a strong material but also relatively easy to form which makes it suitable 
for structural and other demanding constructions. Metallic materials are also very good 
conductors of electricity and heat. In order to adapt the metals to design demands, 
metallic materials can undergo many different types of processing and refinements.  
 
Polymers are very common in the industry today. The Polymer group can be divided into 
two main groups; elastomer and plastic. The plastic group can then be dived in two sub 
categories, thermosetting plastics and thermoplastics. The most common used polymer 
in the industry today is thermoplastics and is used in about 80% of the total production 
It is possible to control the properties of polymers to a very high degree22.  

2.3.2 Injection molding 
Injection molding is a manufacturing technique used to form thermoplastic parts to their 
desired shape. The method is very common in the industry and is used for manufacturing 
a variety of parts from very small products up to body panels of cars. It is possible to 
achieve parts that have very thin walls and a complex shape. It is possible to achieve 
tolerance from 0.1mm to 0.01mm dependent on parts material and geometry.  The draft 
angel must be between 0.5 degrees to 2 degrees and it is possible to crate parts from 
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1mm up to 2m. One of the biggest disadvantages of injection molding is the high initial 
costs because the mould needs to be created. When the mould is created the cost of 
each individual part is low and the process can have a high degree of automation. That is 
why injection molding is most suitable to large production runs, from 10 000 and 
upwards.  
 
It is possible to use more advanced injection mould techniques to create parts with 
different layers and different colors. The parts can have a complex form and a lot of 
integrated functions such as treads, holes, and clips. It is also possible to integrate other 
materials such as metal in the part23. 

2.3.3 Mechanical properties 
The mechanical properties of a material describe the response or deformation to an 
applied force or load. Important properties are strength, hardness, ductility, stiffness and 
viscoelasticity. These characteristics also vary during different environmental conditions 
such as temperature and, especially for polymers, the presence of other chemicals 
(oxygen, water, solvents etcetera). Since these factors are crucial to the material 
selection process, great consideration needs to be taken to the expected use and 
handling of the product, how much strain and external force it has to withstand and in 
what kind of environment it will be used in. 

2.3.4 DFMEA and Construction Chart 
Design Failure mode effect analysis (DFMEA) is a method that systematically analyses a 
design with regards on the possible failures of the product. In that way is it possible to 
evaluate the consequences that the failure will bring. The first step in the DFMEA analysis 
is making a DFMEA chart where the possible failures are listed together with the type, 
the consequences and the failure cause. After there is possible to estimate a risk number 
(RN) which is the chances of occurrence, the effect on the customer and the probability 
that the failure can be detected before delivery. Those factors are graded on a scale from 
1 to 10 where a high number indicates a larger threat, When this is done the suggested 
remedial is added to the chart and a new risk number is calculated. 
 

2.4 Information Gathering  

2.4.1 Questionnaires and tests 
There are two important factors to keep in mind when creating a questionnaire/test, 
reliability and validity. If the test has a high degree of reliability it is possible to repeat 
the test under similar circumstances and get a similar result. Reliability is measured by a 
scale from zero to one where zero means that the test have very low reliability. Validity 
response to the fact that the questioner actually measuring the things that was intended 
when creating the questionnaire.  
 
An effective way to evaluate products can be done through a pair comparison test where 
the products are compared against each other with regards to the different parameters 
that should be evaluated. It is hard to tell how large the test group should be, but a 
guideline is that 10 will be inadequate and 50 are probably too many. If the tests have 
low reliability that can be an indication on that the test group is too small.  
The most common way of gathering information trough interviews is in the costumer’s 
environment, and to get as much information as possible it is important to find the lead 
users. It is those who have a long experience of existing products and they often have a 
lot of ideas that could improve the product. The buyer is not always the user which must 
be in mind when choosing persons to interview. 
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Suitable questions can be when, why and how you use the product, what you like and 
dislike about existing products and what improvements would you make. Also what 
issues the user consider when purchasing the product are interesting information. 
It is important to think about who will answer the questions and how the questions are 
formulated. They may not be offensive, avoid negative and leading formulations and 
keep the language on an appropriate level. Have both opened and closed questions and 
remember to start with the easy ones. Also watch for nonverbal information and be alert 
for the expression of latent needs24. 

2.5 Safety demands 
When designing power window switches there are some safety rules that have to be 
followed. In this project both the EU rules and the USA rules have been taken in 
regard. The main concern for the lawmakers is to avoid accidents regarding 
unintentional use of the power windows switches. There have been some accidents 
with lethal result where children have been caught between the windows. Both the 
rules in EU and USA require some kind of protection against unintentional use.

2.6 Gallery Method 
The Gallery method combines individual work with group work, and is particularly 
suitable for embodiment problems because solution proposals in the form of sketches are 
easily included. The organization and team building are similar to brainstorming. The 
method consists of the following steps. 
 
Introducing step: The group leader presents the problem and explains the context. 
 
Idea generation step 1: For 15 minutes the individual group members create solutions 
individually and without prejudice using sketches supported, where necessary by text. 
 
Association step: The results of idea generation step 1 are hung on a wall as in an art 
gallery so that all group members can see and discuss them. The purpose of this 15 
minutes association step is to find new ideas or to identify complementary or improved 
proposals through negation or reappraisal. 
 
Idea generation step 2: The ideas and insights form the association step are further 
developed individually by each of the group members. 
 
Selection step: All generated ideas are reviewed, classified and, if necessary finalized. 
Promising solutions are then selected. 
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3 Method 
To design and develop new products, different kinds of methods can be used. In this 
project Systematic problem solving was used. Systematic problem solving is a method 
that systematically analyzes the problem and finally solves it. This method follows a few 
different steps which are; information gathering, problem clarification, problem 
investigation and problem solving. The reasons for using systematic problem solving is to 
be able to disregard the designers’ personal opinions and preferences and find the 
product that will be best suited to meet the needs of the customer. By using a systematic 
method it is also much easier to get a good overview over the process and make sure 
that all aspects of the design are covered.  

3.1  Information gathering 
In the beginning of the project it was important to collect relevant information in order to 
get a correct understanding of the problem. Methods to collect information are through 
benchmarking, sources of inspiration, questionnaire, product test and personas. 

3.1.1 Benchmarking 
Benchmarking, competitor analysis was made to get a clear view of the car market of 
today. The aim was to investigate both low and high-end brands to get a view of their 
interior design and particularly look at the power window switches. Different car dealers 
where visited for example Toyota, Ford, Holden, Volvo and Porsche.  

3.1.2 Sources of inspiration 
What will the next generation car interior look like? What will the technical trend be 
tomorrow? To get the answers to these questions other markets were investigated. 
Interesting markets are portable audio players, mobile phones and computers. Also news 
and car magazines were studied to get ideas of what next generation cars will look like. 
All the materials were collected and put into collages for use as inspiration.  

3.1.3 Questionnaire 
To get facts and ideas a questionnaire was put together. The main questions were 
regarding power window switches but there where also questions about functions that 
can improve the pleasure of the car journey. The questionnaire was send out by mail and 
also handed out personally (appendix 1).  

3.1.4 Product test 
To get to now what kind of buttons different people like, a test was made. When 
selecting the buttons to test, the priority was to get a selection that could generate as 
much information as possible with as few buttons as possible. Both power window 
switches and other switches were tested. 
 
Sample selection 
Button number one and two are both power window switches and were selected because 
they look almost identically but they use different technologies (figure 11). Both are from 
a Toyota, the first one from a Camry and the second from a Corolla. Button number one 
is a high current switch which is directly connected to the power windows while button 
number two uses low current and is connected to a relay which control the power 
windows. That means that it is possible to use a silicon membrane in that button, which 
is a less expensive technology. By comparing those two buttons it is possible to detect 
which of the technologies that gives the best result in terms of sound and tactile feel.  
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Button number three is from a Holden Commodore (figure 12). The placement of that 
switch unit is in the mid console which is different from all the other test samples. This 
unit is also integrated with the switches for the rear mirrors.  
 
Test sample number four is from an Audi A4 (figure 13) and was chosen because it is 
representative of a more up market switch. The buttons have a very distinct feeling and 
sound. It also has a nice surface that express quality. Sample number one to four uses 
the same interface and are rather common as power window switches. 
 
Sample number five is from a Ford Falcon (figure 14). The shape of the buttons differs 
from the ones before and it is interesting to see if that is a good or bad thing in terms of 
style and clarity.  
 

 
 Figure 11;   Figure 12;        Figure 13;           Figure 14; 

Sample 1 & 2   Sample 3      Sample 4         Sample 5  
                   

Samples number six, seven and eight are not common as power window switches.  
The reason for theirs presence is to see how people react to different kinds of buttons. 
Number six is a rotation switch which also works as a joystick and its original function is 
as an adjuster for the rear mirrors (figure 15). Sample number seven is a toggle switch 
from an Audio TT (figure 16) who is together with Porsche one of few cars with a totally 
different style of power window switch. Sample number eight is a push button placed in a 
ceiling console of a BMW (figure 17). 
 

 
 Figure 15;    Figure 16;       Figure 17; 

Sample 6    Sample 7       Sample 8  
 
Sample nine, ten and eleven are examples of buttons that are not used in cars today. 
They are included in the test to see how people react to add new and different 
technologies. Sample nine and ten are both membrane buttons, but with a different 
appearance. Sample number nine (figure 18) has a completely flat surface while number 
ten (figure 19) has some tactile feel. It is possible to press down the button a few 
millimeters and it is even possible to hear a low click when the button is pressed down. 
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The last test sample is the buttons from Apples I-pod Nano (figure 20).The I-pod has a 
new unique interface system and a design that has been highly praised. By evaluating 
this interface it is possible to detect if a similar technique is useable in the automotive 
industry.  
 

 

 

 
 
 
 
 
 
 
 

 Figure 18;    Figure 19;       Figure 20; 
 Sample 9    Sample 10       Sample 11 

  
Test setup 
The test samples were mounted on a board and numbered 1 to 11 (figure 21). The test 
person was informed that the switch was going to be used in a car but was not told the 
exact purpose of the switch. The parameters that were tested where in this order: 
 

• Clarity: How easy it is to identify how to operate the button  
• Sound: Which sound is most pleasant 
• Style:  Which shape of the button is most pleasant 
• Feeling: Which button has the most pleasant feeling when it is being 

operated   
 

The test person was comparing one sample against each other, sample 1 to sample 2, 
sample 1 to sample 3 and so on. This was repeated until every sample had been 
compared against each other with regards to all the test parameters.  
 
The test person was not permitted to touch the samples when clarity was evaluated. 
He/she was only allowed to look at the samples and then estimate which one of the two 
he/she was comparing that had the best clarity. When sound was evaluated the test 
person was not permitted to see the samples, he/she only got to hear the sound from 
the buttons. During the style evaluation the test person was just allowed to look at the 
test samples. When push feeling was evaluated the test person could touch and feel the 
buttons as much that they wanted.  
 

 

3.1.5 Personas 
Figure 21; Test board 

A persona is a user archetype to help guide decisions about product design. In most 
cases, personas are created from a series of interviews with real people, and then 
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captured in 1-2 page descriptions that include behavior patterns, goals, skills, attitudes, 
and environment, with a few fictional personal details to bring the persona to life25.  
 
To get to know what the users’ preferences and what kind of life style the target group 
has, three personas were made. The three personas are made up to represent more or 
less all the information that has been collected during the information gathering. With 
the personas in mind it is easier not to forget the user’s needs and in that way develop a 
product with the human in focus.   

3.2 Problem clarification 
Clarifying the problem implies developing a general understanding of the problem. That 
includes formulation and delimitation of the problem. It is important to have a good 
dialogue so both the principal and the contractor agree to the problem formulation and 
the requirements specification. It is also good to discuss if there is some part that is 
more critical and requires extra attention. 

3.2.1 Project plan  
To clarify the project a project plan was made including problem definition, aim and 
limitations.   

3.2.2 Requirement specification  
The requirement specification is a document that lists all the requirements and desires of 
the product. Some of the product’s properties are requirements that have to be fulfilled 
and some are desires that will be fulfilled to the extent it is possible. The list is divided 
into different categories such as geometry, materials, signals, ergonomics etcetera to 
cover all aspects of the product. 

3.3 Problem investigation 
To investigate which desires of the product that is most important to fulfill they will be 
organized in an objective tree and weighted in tables. 

3.3.1 Objectives Tree 
All the desires of the product that have been set up in the requirement specification were 
visualized in a scheme, an objectives tree, to make it clearer. The optimal product is the 
switch panel and the first level of branches is the desires.   

3.3.2 Weight Tables  
When the objective tree was set up, a weighting of the different criteria was made, based 
on objective judgment by comparing the desires on the same level. This is easy to 
visualize in weight tables. One table was made for each branch in the tree. The sum on 
each branch and table will be one, and to get an individual weight, multiply each desire’s 
weight with the weight of the higher level. This gave a specific number of every criterion 
in relationship to the others and makes it possible to see which desires that are most 
important to focus on. 

3.4 Problem solving 
When the problem had been clarified and investigated the next step was to make 
concepts that solve the problem. The process of problem solving was based on concept 
generation, concept evaluation and final design.  
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3.4.1 Concept generation 
To create the concepts the main problem was divided into three sub problems. The goal 
of the division is to make smaller and simpler problems that can be tackled in a focused 
way in the concept generation. Here the sub problems were divided into input, feedback 
and expression and were put into an idea matrix. To come up with ideas during the 
project the Gallery method was used.  

3.4.2 Idea matrix 
The idea matrix was used to clearly see all the ideas that came up during the concept 
generating. The ideas and solutions of all the three sub problems; input, feedback and 
expression, were organized in an idea matrix. In the left column the sub problems were 
listed and on each row there were several solutions to each problem.  

3.4.3 Elimination 
When all the ideas were organized into the idea matrix a rough elimination was made. All 
the ideas that did not suit the requirement list and were unreasonable were excluded. 
The ideas that were left were put together to form concepts. 

3.4.4 Concepts 
The concepts were made as much unlike each other as possible. The reason to define the 
concepts into different groups was that later when forming the final concept it was 
possible to pick the best ideas of each concept. 

3.4.5 Evaluation of concepts 
A concept weighting and discussions with Schefenacker’s staff were made to evaluate the 
concepts. 

3.4.6 Concept weighting 
Concept weighing is a fairly objective method to evaluate and choose concept and ideas 
to proceed with. Each concept was graded from 1 to 10 according to how they fulfill the 
criteria from the objective tree. The grades were then used to calculate the total score 
for each concept in an evaluation card. The grade for respective criteria were multiplied 
with the weight of the current criteria and added to the others to get a total score for 
each concept. 

3.4.7 Concept evolution 
When the concept was decided the evolution of the winning concept took on. There were 
three aspects that had to be considered before creating the final design. The safety 
demands, placement and the tactile feel of the panel.  
 
Safety 
To fulfill the safety demands a lot of ideas came up and when finally finding something 
that were reliable a usability test were made to get to know the users’ opinions.  
 
 
Placement 
The first decision to make was where in the car to place the panel, both mid console and 
door side were discussed. When that were made it was important to investigate the best 
ergonomic way to place the panel in that position. To achieve this, a lot of testing was 
made. A prototype with a variable angel was created. The prototype was then evaluated 
by a number of persons to find the best angel. The car interior was set up in the cad 
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software Catia V5 where view angels and also the best position were tested.  It was 
important that the placement suited both the 5th and the 95th percentile. 
 
Tactile feel 
To have a tactile feel in the panel was something that was considered very important. It 
is significant that the driver can use the panel without locking at it. To come up with 
solutions, sketches and clay models were used. 

3.4.8 Final design 
All the steps in the systematic problem solving have been used to finally reach the goal, 
create the final design. The final design will be divided in to three parts, styling design, 
HMI and Engineering design. 
 
Styling design 
To create the final styling of the panel gallery method was used frequently. A lot of hand 
sketches were made to come up with ideas of the shape and color. When finding a shape 
that worked, carton and clay models were made to get a feeling of how it locked in 
reality. Later on the panel was modulated in the 3D software Catia V5 and rendered in 
Maya.  
 

HMI  
As soon as the structure of the menu was created a simulation was made in Macromedia 
Flash 8. The simulation gave the possibility to test the interface during the development. 
Several different structures and colour schemes where simulated until the final design 
where decided. By using a laptop with a touch pad it was possible to get an impression of 
how the final design would feel to use. 
 
Engineering design 
To make a prototype and to make it possible for Schefenacker to produce the panel Cad 
modeling and drawings in Catia V5 was made. To make the quality reliable and to 
discover sources of error DFMEA and construction structure were made. 

3.5 Visualization 
There were several different type of visualization used in this design process. In the 
beginning of the process sketches were frequently used. It is a simple way of putting 
down new ideas quickly and easily. For showing the different concepts more accurate 
pictures were made in the software Adobe Illustrator CS2. When the shape and all the 
details were set, Catia was used for 3D visualization and to create drawings. The solid 
from Catia V5 was also the base for the prototype which was made with rapid 
prototyping. 

Adobe Photoshop CS2 was also used to put together collages and to edit photos. 
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4 Results 

4.1 Information gathering 

4.1.1 Benchmarking 
Almost every car that is produced today has power windows. But there are a lot of 
difference regarding look, feel and placement. Some power window switches are 
integrated with other functions in the car, for example the rear mirrors. The placement of 
the power window switches vary. They can both been found in the mid console or in the 
door side. How the buttons are grouped is very similar in most cars. Almost every switch 
unit follows the standard mapping where the right upper button corresponds to the right 
front windows and so on.  

One exception from this is Porsche Carrera where the two buttons are placed so that the 
first button corresponds to the right window and the last button corresponds to the left 
window (figure 22).  

The up market cars such as Mercedes S 
series, Porsche and Audi TT have more 
designed switches. They have different 
shapes and have also a different tactile 
feel and sound that express quality. But 
not the all up market cars had designed 
switches. In Bentley the buttons had a 
really bad tactile feel and sound. The only 
different from the low market switches 
was the amount of chrome and shiny 
plastic details that Bentley used.   

Figure 22; The power window switch in Porsche 
Carrera  

 

 

4.1.2 Sources of Inspiration 
There have also been studies on future design interiors and other kind of products that 
can give inspiration. Looking at concept cars it seems that the trend is going towards 
more high-tec interiors with a lot of displays. The design is bold and the colors are light 
with segment of chrome (figure 23). Other markets and products that have been 
investigated are for example flight entertainment systems, mobiles, GPS navigators and 
portable media players. In those areas are the uses of other way to control the device 
much more common.  

As an example is the TomTom GO 910 portable GPS car 
navigator controlled almost entirely through a touch 
screen and Apples I pod uses a touchpad combined with 
mechanical buttons. By using that kind of interface it is 
possible to ad a lot more functions in the same physical 
area (appendix 2).  

Figure 23; Concept car 
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4.1.3 Questionnaire 
The absolute majority of the person answering this questioner drove a car every day.  
The result of the questioner shows that the main reason for lower the side windows is to 
get fresh air, even for drivers/passengers in new cars with AC. Almost everyone 
preferred to have the switches placed in the door panel. There is a great demand for the 
passenger to be able to control the AC system. One function that some people thought 
would improve their journey was a massage chair (appendix 3).  

4.1.4 Product test 
 
Clarity 
The sample that got the highest score in regard of clarity was sample 5, the power 
windows switch from Ford Falcon. The reason is that it has a clear up and down direction.  
 
Sound  
The best sound had sample number 8, the over head consol in the BMW. The sound is a 
mechanical click sound. 
 
Style 
The best styles have samples number 3 and 5. The power window switches from Ford 
Falcon and Holden Commodore. The reason can be that those switches have a housing.  
 
Feeling  
The best feel has sample number 11, the i-pod Nano. The i-pod has a pretty limited 
tactile feel. The button only moves a very limited distance when it is pressed down. The 
test result shows that it does not need to be a long stroke and a large mechanical 
construction to achieve a good tactile feel.  
 
When the test persons got the questions which button they would prefer to have as a 
power window switch, sample number 5 got the most points but only slightly more then 
sample number 11 (appendix 4) (figure 24) .  
 

 Sample 5      Sample 8        Sample 3            Sample 11  
 Figure 24; The products with the best qualities  
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4.1.5 Personas 
Three personas were formed, Jimmy, Rebecca and Selma (appendix 5).  
 
 

Jimmy, 34 years old 
 

• Just started a family life 
• Likes sports  
• Building a new house  
• Likes all kind of new technology  
• Big hands.  

 
 
 
 
 
 

 
 
 

Rebecca, 45 years old 
 

• A career woman 
• Like modern style  
• Teenage children  
• Long nails  

 
 
 
 
 
 
 

 
 
 

Selma, 62 years old 
 

• Retired  
• Take care of her grandchildren 
• Unknown with new technologies  
• Difficulties to see with out glasses 
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4.2 Problem clarification 

4.2.1 Project plan  
To make sure that the project is going in the right direction and to avoid 
misunderstandings between the project group and Schefenacker a project plan (appendix 
6), with problem definition, aim and limitations, and a problem clarification (appendix 7) 
were made.  

4.2.2 Requirement Specification  
A requirement specification (appendix 8) was made to clarify what the requirements and 
the desires are of the product. This list was used as a reference through the problem 
solving to check that the concepts fulfill the requests. 

4.3 Problem investigation 

4.3.1 Objectives Tree 
The criterions that are marked with desire in the requirement specification are organized 
in an objectives tree (appendix 10). This is used to amplify the desires and to visualize all 
the criterions with their weights and their grade of importance. 

4.3.2 Weight Tables  
To see which criteria that is of greatest importance weight tables are used (appendix 9). 
The criteria of each level in the objectives tree is compared and given grades according 
to importance. This weight is later used in the concept weighting to see which concept 
that fulfils the requests best. 

4.4 Problem solving 

4.4.1 Concept generation 
To get a good start and to get a lot of ideas to work with, the design work began with a 
brainstorming using the gallery method. The problem is divided into sub problems; input, 
feedback and expression (figure 25). 

 
Figure 25; Example of a concept with a removable panel   
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4.4.2 Idea matrix 
The results from the gallery method were put together in an ideas matrix to make them 
easier to overlook and use in coming work. The ideas matrix was then used as an 
inspiration in the following sketching work. 

4.4.3 Elimination 
Three concepts were made out of the idea matrix by exclude the ideas that were 
unreasonable or did not fit the requirements. The concepts were also made as different 
as possible to each other to make it possible to pick the best parts of each when forming 
the final concept. 

4.4.4 Concepts 
 

Figure 26; Concept A, 
   Buttons 

Concept A -“Buttons” 
 
In this concept every function is allotted to one specific button. 
That means that there are four buttons for the power windows and 
one for the door lock and so on. The shape and color of each 
button is possible to vary to make it easier to distinguish each 
button. The buttons can also be styled in a way that is similar to 
the one that is used today which gives the concept a high degree 
of recognition (figure 26).  
 
With this concept it is easy to reach each function but the problem 
is that the physical dimension of the switch grows with every 
function that is added. With a lot of function the size of the switch 
unit will be more or less cumbersome to have in a door panel.  
 
It is possible to design the unit in modules that each contains one 
function. That makes it possible to easy assemble one unit that fit 
the needs of the customer. 
 
Concept B –“Joystick”  
 
The Joy stick concept consist of a display, soft keys and a joystick 
used to navigate trough a menu. The Joystick can also be pressed 
down and used as a button. By using the Joystick it is possible to 
navigate trough a menu system and then when the desired 
function is reached the soft keys together with the joystick can be 
used to control the function.  
 
The functions are ordered in the easiest way to reach them most 
commonly used function. As an example are the controls for the 
most used function, the power windows always on top and 
reachable without navigating trough the menu (appendix 11).   
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It should be possible to operate the top level function without locking at it. To reach 
functions that are not in the top level requires more of the driver because he/she either 
needs to remember the order of the menus or have a look at the display.  
 
This problem is possible to solve in other ways, there can be an 
audio feedback that tells which level the operator is on. The 
different levels in the menu can also have strongly difference in 
colors that makes it faster to recognize the actual level.   

Figure 27; Concept B,  
   Joy stick 

 
It is very easy to ad or remove functions dependently on the need 
of the customer. The joystick can be used to control a wide variety 
of functions (figure 27, 28).  
 

 
 Figure 28; Example, Joystick 
 

 
 
Concept C –“Touch screen” 
This concept is based on that all input is through a touch screen. The idea is that the 
touch screen is divided into fields that represent four buttons. In the middle is a menu 
button. To reach different functions the user presses the menu button. The functions are 
order in such a way that it is easiest to reach the most commonly used functions. As an 
example are the controls for the most used function, the power windows always on top 
and reachable without navigating trough the menu (appendix 11).  
 
The touch screen makes it easy to add and remove functions 
dependent on the customers need. The same physical unit can 
contain a lot a functions or only the most essentially. This made 
the concept very easy to build in a modular way. It is also very 
space efficient and a lot of functions can be integrated on a small 
area.  

Figure 29;  
Concept C Touch screen 

 
The biggest problem with the touch screen is the absent of a 
tactile feel. The flat surface makes it impossible to feel if a button 
is being pressed down. It is also impossible to feel where a button 
ends and the next start.  This is very serious disadvantages for a 
switch that are going to be used in a car because it requires the 
driver to rather look on the switch then feel it (figure 29, 30). 
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Figure 30; Example, Touch screen 

 

4.4.5 Evaluation of concepts 
 

Figure 31; Grid 

All the pro and cons of the concepts were discussed with 
Schefenacker’s staff.  
 
Schefenacker wanted something new and modern therefore were 
the touch screen concept of interest. The big problem with this 
concept is the tactile feel for this reason a lot of effort were put to 
achieve this.  
 
There are some things that can improve the tactile feel in a touch 
screen. By placing a different material over the screen, a grid, it is 
possible to create divisions that make it possible to feel the button 
boundary with the fingertip. This material can be transparent or 
non transparent (figure 31, 32).  
 
Another way to achieve more tactile feel is to mount the touch 
screen above buttons which makes it possible to actually press down the screen (figure 
33). By adding an audible feedback it is possible to further lower the needs for the driver 
to look at the switch when operating it. 

Figure 32; Example, Touch screen with 
d

Push buttons 

Touch screen  

Pivot point  

Figure 33; Touch screen 
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4.4.6 Concept weighting 
When weighting the concepts the improvements of the touch screen concept were 
included. The three concepts were graded from 1-10 according to how well they fulfilled 
the criterions from the objective three. When summarized the score the touch screen 
concept won (Appendix 12). 

4.4.7 Concept evolution 
 
Safety 

Figure 34; Safety test 

To make the touch screen concept satisfy the safety 
requirements a lot of ideas were generated. After 
discussion and considerations one of the ideas that 
came out was tested (figure 34). The test gave a good 
result. The idea is to touch and push the screen in the 
same time when operating the power windows. This 
makes it much more difficult by accident lower or even 
worse higher the windows. 

Figure 32; Example, Touch screen with a grid 

 
Placement 
The panel is placed in the door side to be located near the windows and therefore easier 
to find for the user. This placement was also the most preferred regarding to the 
questionnaire. The placement gives the panel the best possible grouping for its functions. 
To decide what position the panel should be placed, the driver environment were 
simulated in Catia V5 and different distance and angels were tested (appendix 13). A 
prototype was also made to test the different angels and distance in reality. 
 
Tactile feel 
To achieve the best possible mapping, the display is divided in to four different areas by 
a grid. Each area corresponds to a window in the car. Several expressions were made 
(appendix 14) 

       -Carl Lindén & Kristine Mayer - 
 - 29 - 



  

Confidential 

 

4.4.8 Final design 
The switch panel consists of one screen where all the information is being viewed. A grid 
is placed over the screen to give the panel a tree dimensional tactile feel (figure 35). The 
screen is touch sensitive and by pressing on the menu button on the surface the user can 
navigate trough a set of menus to reach the desired function.  
 
 

 
Figure 35; The next generation switch panel  

 
 
To control the power windows the user needs to move the screen with help of the grid in 
the horizontal direction and at the same time touch the screen. This fulfills the safety 
regulation as stated in the European Union’s regulations26. In another point of view a 
horizontal movement also provides a haptic response when using the power windows. 
The screen can also be moved in the vertical direction this is made to provide a haptic 
feel when using the other functions in the panel. 
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Styling design 
The shape of the panel is chosen to be clean and simple. To give the outer shape a more 
interesting appearance the long sides are slightly curved. The curves on the end sides 
are the more pronounced to imply the direction of movement. The top profile is also 
slightly curved. A reason for the simplicity is to focus on the unique use of a grid upon a 
touch screen (figure 36, 37).   
 
 

 
Figure 36; Side view Figure 37; Top view  

 
 
To achieve the best mapping the display is divided in to four different areas by the grid. 
Each area corresponds to one side windows in the car. This placement also corresponds 
to the mental model the majority of the users have of a power windows system. The size 
of the display is 50 / 80 mm which are proximally the same as the golden ratio. It is the 
same with inner radius on the grid. The size of each square is approximately 35mm x 
20mm which leaves room for two buttons in each square. The panel is going to be 
operated without gloves. The shape of the grid is designed to harmonize with the shape 
of the fingertip and is scoped out in the moving direction to give the finger a natural fit 
(figure 38).  
 
 

        Figure 38; Fingertip shape  
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The menu button is surrounded by a raised pattern of dots (figure 39) this is to help the 
user to find where to press without looking. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 Figure 39; Dots to guide the user  
 
The panel is symmetrical and can therefore without problems be used on both left and 
right side of the car. That gives the advantages that the switch panel can be used in 
markets with left and right side driving. It also means that the panel can be used by both 
left and right handed persons. 
 
The color of the panel is satin white, which is a modern and yet conservative color that 
will easily blend in to a car interior. The use of a light color is also good because it make 
the contrast between the display and the housing as small as possible.  
 
The panel will also be made in black and bronze. Black because it is a traditional color in 
car interiors and it will always be a demand on that color. Bronze because it is a modern 
color that attracts a lot of attention (figure 40).   
 

Figure 40; Colors; black, white and bronze  

 
As mention in the concept evolution the panel is placed in the door side (figure 41). The 
placement gives the panel the best possible grouping for its functions. The panel is tilted 
20 degrees upwards and 5 degrees out from the door. The testing showed that an 
upward tilt of 20 degrees gives the hand a comfortable position. The angel is a 
compromise between the optimal viewing angel and the hand position. The reason for 
that the panel is tilted 5 degrees out from the door is to give a better viewing angel and 
also lessen the space the panel occupies in the door side. The distance between the panel 
and the eye is 670 approximately mm. The placement gives a viewing angel between 35 
and 45 degrees depending on which percentile that is tested. 
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The upward tilt gives a natural connection between the movement of the panel and the 
movement of the windows. When the panel is moved upward the window is raising. 
 

 
 

  Figure 41; The panel’s placement in the door  
 
HMI 
The interface is set up in Flash to simulate how the menu would look like and operate in 
a real product (appendix 15).  
 
The symbols are made to be as clear as possible with distinct shapes. All of the functions 
have a unique symbol and where there is a risk of misunderstanding there are also a 
explaining text. To clarify the locking symbols red are used because of that is the 
established colors for those kinds of functions. To help the color blind the shape of the 
symbols also change. The size of the symbols and text is bigger then (7/1000) x 670 = 
4.7 mm to fulfill the 007-rule.  
 
The colors of the interface are rather discreet but have a good contrast. The reason is 
that it should not take the users attention but when the user wants to use the panel it is 
important that it is very clear. The main colors are chosen to be bright, light blue as 
background color and the symbols is in dark blue and as an accent color is orange used. 
This is colors that give a high contrast. The number of colors is as few as possible to 
create a more aesthetic look (figure 42). The background has a pattern to make the 
interface more vivid.  
 
The menu is arranged according to the weight table 
(appendix 9), with the most commonly used function 
on top. Some of the functions are excluded because 
they are only of interest for the passenger, for 
example multimedia and air condition functions. The 
included functions are; power windows, window lock, 
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door lock, mirror adjustment, driver recognition, comfort, bonnet opener, petrol latch 
opener and trunk opener (figure 43). 
 

 
Figure 43; Menus 

 
 
 
To help the user to understand that the panel needs to be 
moved horizontal when the power windows are used a glow 
will lighten the edge between the screen and the grid. An 
explaining text will also appear if the user only presses down 
the panel and not moving it horizontal (figure 44).  

 
 

Figure 44; Guiding glow  
 
 
To minimize the risk that the driver gets dazzle by the screen while driving during the 
night the panel has a night color mode where the background is dark and the symbols 
are light (figure 45).  

 
 

Figure 45; Night mode 
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Engineering design 
The unit consists of five different parts; housing, housing bottom, grid top, grid bottom 
and slide. All parts are kept together with helps of clips on the housing and housing 
bottom. There are no screws or other metallic parts to keep the unit together. There are 
three subassemblies in the unit. There is one which consists of grid top, grid bottom and 
the touch screen. This subassembly is kept together with clips between the grid top and 
the grids bottom. The grid assembly is placed into the slide assembly where it can move 
horizontal. The slide assembly consists of the slide and two circuit boards with a tactile 
switch on. The short side of the grid bottom interferes with the tactile switches which 
provide a haptic feel and also activate the power windows. The slide can move vertically 
against the housing bottom and will provide a haptic feel when the display is pressed 
down on the silicon buttons that are placed in pockets in the housing bottom. The whole 
assembly is kept together with clips between the housing bottom and the housing top. 
On the housing top, there are clips so that the unit can be attached in the door side in 
the car. There is an opening for the electrical wires between the housing top and the 
housing bottom. All the parts have a draft angle of two degrees and a general clearance 
of 0.2mm. On parts were the fitting are critical the clearance is 0.1mm (figure 46) 
(appendix 16, 17).  
 

 
 

 
 
 
 
 
 
 

 
 
 

Figure 46; Exploded view 
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The DFMEA showed no high risk numbers (appendix 18) 
 
Clips deflection 
Length of clips l = 5.4mm 
Thickness of clips t = 1 mm  
Strain value ε = 0.0157 (20oC) 
Max deflection δ = 2εl2 / 3t = (2*0.0157*5.42 )/( 3*1) = 2.9 mm 
 
To have clearance for the clips a deflection of 1mm is required and the calculation above 
show that the required deflection is far less then the maximal deflection of the clips.  
Something very important was to give the panel a good haptic feel. The screen can be 
moved in two directions, horizontal and vertical.  
 
The stroke length is 0.3 mm in the horizontal direction and 0.5 mm in the vertical 
direction. Since the result from the test showed that a small stroke length was preferred 
and that the aim is that the stroke should be barely noticeable. Two different types of 
buttons are used to create a different haptic feel in the different directions. Underneath 
the slide four silicon buttons are used and on the side a tactile switch from Panasonic is 
used on each side (figure 47).  
 

 Figure 47; Schematic view 

 
Material 
The material that the parts is going to be made of are ABS Cycolac AS35 (appendix 19) 
ABS is a very common material in interiors of the automotive industry and it has a good 
surface finish and is also easy to color in the desired color. Schefenacker have a lot of 
experience of this material and it is used in a lot of theirs products. 
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5 Discussion 
 
Since Schefenacker is a subcontractor and do not have any real visible brand image, 
focus has been to create a product that can fit a lot of different company’s identities. The 
aim for the present style is to create a look that feels modern and can inspire 
Schefenackers customers to use the product in their future cars.   
 
This product is a multifunctional switch panel that combines many different switches into 
one unit. The panel is flexible because it is possible to ad and remove functions without 
doing any mechanical changes. The panel is easy to customize by just doing small style 
changes on the grid top and changing the interface layout.  
 
 
Further development 
To be able to produce this switch panel there are a few things that have to be further 
investigated. A decision has to be made of which specific touch screen that should be 
used. It is important to find a touch screen that has high durability. More tests have to 
be done to decide which switches and buttons that should be used to achieve the best 
tactile feel. Reviews of the drawing have to be made to see that all the electronics that is 
needed have enough space. 
 
An important aspect of the use of the panel is the audio feedback. We recommend using 
a digital sound from the vehicles audio system. There should be three different sounds, 
one for the power window, one for the menu button and one for the other functions. To 
use different sounds helps the user to know which function he/she is operating. 
 
To make it easier to operate the menu system, it is possible to make the menu steps in 
different colours.  
 
It is also possible to use different interfaces when the car is moving and when it is 
parked. The reason is that there are some functions that are of interest when the car is 
parked for example the controls for the bonnet and the trunk. 
 
In this project the focus has been on the driver. The menu structure has been designed 
to fulfill the driver’s needs. The panel can be used for the passengers as well. The 
difference will be the interface. The passenger is only able to operate its own window 
which means that the three other fields in the first menu can be used for other functions. 
In the weight table (appendix 10) there are functions that can be used for the passenger 
that is not current for the driver, for example AC and Multimedia control. We think that it 
will be more and more common to have DVD and a game console in the car. An idea is 
that the panel can be used as a portable remote control when operating the multimedia 
system. It is also possible to make smaller panels for the passenger that only includes 
one or two buttons.   
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