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Abstract 
When developing the driver interface in their trucks, Scania is highly concerned with 
creating a certain feeling. When pressing a push-button this Scania feeling shall be 
perceived. It is not obvious what the Scania feeling really is and there is no predefined 
method to create it. This Master Thesis takes aim at providing the means to improve the 
process of creating this feeling. 
 
First, the Scania feeling was studied via the results of an already made survey at Scania. 
This survey focused on subjective properties of push-buttons, rotary knobs and levers 
and related the properties to whether these objects had a Scania feeling or not. This 
existing data was analyzed statistically. The main task of this Master Thesis, however, 
was to create an environment where the feeling of a push-button could be tried out and 
described. This environment was created with a tool from Reachin Technologies AB. 
The environment is a virtual representation of a push-button module, created with 
computer haptics and graphics. The environment lets the user interact with a three 
dimensional view collocated with a force feedback device. The force feedback device 
lets the user feel what is seen through a pen like interface. The “tip” of the pen is used to 
touch what is seen in the 3D view. The virtual push-buttons was built from blueprints of 
real push-buttons to be able to evaluate to what extent the virtual buttons resembled the 
real ones. 
 
The statistical analysis made in this project does not support the notion of describing the 
Scania feeling with a set of subjective values. The virtual environment created proved to 
be very life like. The real push-button feeling could be recreated with high precision. 
When evaluated, the majority of test persons argued that it could be used in the 
development process. 
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1 General 
At Scania the work with developing control devices inside the truck cabin has been 
time-consuming to an extent that resources were provided to find a more efficient 
method. To date the desired feel of a control device has been found through an iterative 
process. Scania would order a prototype specified by a subjective description of the 
feeling of, for example, a push-button. The supplier would return a prototype with the 
feeling they thought were what Scania might want. If, which were likely, the push-
button did not have the desired characteristics, Scania would ask for another prototype 
with a somewhat different feeling. This would be the iterative development process. 

1.1 Objective 

The objective of this Master Thesis is to find a way to make the development process of 
control devices more efficient. This will be achieved by being able to simulate a push-
button visually, tactilely and haptically. The characteristics of the simulated push-button 
shall be programmable. The simulation shall render output data which in itself or 
through a translation to other parameters can be used to specify an order to a supplier of 
push-buttons. The characteristics of the real and the simulated push-button shall have a 
certain degree of resemblance. The need of such a tool and an improved way to 
communicate the characteristics of control devices is obvious to Scania but verifying 
this is also an objective of this thesis. 

1.2 Limitations 

o Only simulation of push-buttons, not switches, levers or rotary knobs. 
o Auditive impressions not simulated. 

1.3 Assignor and Assignee 

Assignor is Per Wallentin, Scania AB.  
Assignee is Mikael Björertz, LiTH. 
The assignee is supervised by Sara Westermark, Fredrik Nordeman, Scania AB and 
Torbjörn Alm, LiTH. 

1.4 Project Period 

2005-02-07 – 2005-09-07 
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2 Background 

2.1 Scania 

When Scania was founded in 1891 the business was not the same as it is today, i.e. 
building trucks. The first two decades of the history of Scania involved building railway 
carriages. But luckily, Scania succeeded in what many companies fail with, surviving a 
technological change. There were a few rough years after starting to produce trucks 
before entering what is today a more than seven decades long succession of delivering 
an annual profit. Today, more than 1,000,000 trucks have been delivered. More than 
28,000 people are employed to run a business operating in more than 100 countries. At 
the head of these above 28,000 is President, and Chief Executive Officer, Leif Östling. 
This workforce strives to give the name Scania a profile of environmental awareness as 
well as being the long term cost effective alternative [1]. 

2.2 The Importance of Consistent Product Identity 

All manufacturers of consumer products are concerned with standing out in the crowd 
of competing brands. Different manufacturers try to attract customers in different 
manners. Some compete with pricing while others compete with quality; still others 
compete with unique features as their foremost argument for a customer to buy their 
product. The strategies to attract customers are as numerous as there are companies that 
sell something. At Scania, one is very concerned with the concept of “the Scania 
feeling”. This is of course considered one of the reasons that customers choose Scania 
keep coming back. Refining and defining the Scania feeling is a constantly ongoing 
work at Scania. 
 
Of course, among Scania coworkers there is a general consensus that there exists a 
certain Scania feeling. This feeling is described as genuine and robust. But there is no 
unarguable concrete definition on what genuine and robust actually mean. Thus, there 
are as many coexisting specifications of the Scania feeling as there are coworkers. 
These different specifications will in the best of cases be unanimous enough to create an 
acceptable cohesive impression of the vehicle. But there is no guarantee, of course. 

2.3 Current Development Process 

At Scania, as anywhere else, a development process is born out of an idea. The ideas 
treated here are those of technical nature. To reach the stage of a project status the idea 
must be presented to and approved by Scania executives - executives at a level 
concerned by the extent of the idea. What is decided is whether the idea will undergo a 
feasibility study. The feasibility study is limited by certain resources and costs. This 
status means that the idea will be developed into an operational prototype. It will be 
tried out in the real environment it is meant to be integrated in. The final ambition is to 
have the prototype approved by Scania customers and a reference group. 
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Next, the results from the feasibility study are supplemented with financial viewpoints 
based on a hypothetical real introduction. The next decision is made with these results 
and viewpoints as fundamentals. A very important part of this decision is how 
introducing the concerned concept affects the vehicle performance values, Scania CV 
AB (2000). What is acceptable to loose and desirable to gain among these aspects is 
what finally lets the prototype into either production or a filing cabinet. If it is decided 
to be introduced in the vehicles this decision also states when it is to be introduced. 
 
When introduction is decided the project enters pre-production. This stage is divided 
into five phases and it ultimately puts the product into production [2]. Just because a 
product finally reaches the stage where it is transferred to production it does not mean 
that it is considered over and done with for the development department. Any part of the 
truck is always undergoing constant scrutiny, reevaluation and changes. Taking care of 
improvements and changes for already existing parts is one of many daily concerns for 
any development department. 
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3 Theory 
What is any kind of perception really about? Perceiving what is real, you might say, 
without truly realizing the depth of your banal answer. When Wade (1991) catches the 
essence of this question with the phrase “A perceptual process that gave rise to 
subjective experiences grossly different from physical reality would make survival 
virtually impossible.”, he not only puts a finger on what perception is all about, but also 
gives an answer to the ever current philosophical issue of “What is real?”. In short, 
what we perceive is reality, if it was not, we would die. 

3.1 Visual Perception 

Traditionally, when treating the subject of perception, it is approached in a scientific 
way, via physics. The focus lies on qualitative and quantitative properties of the 
physical environment detectable by the perceiver. Measurements of interest are, for 
example, which differences in light intensity or wavelength are required to be detected. 
These kinds of data are helpful when diagnosing individual variations among people 
and diagnosing defects for which medical aid is needed. However, this kind of theory 
does not provide a sufficient background for an analysis of how a real object is 
perceived or if a virtual object is perceived as intended, which is in the interest of this 
thesis. Instead, to understand visual perception, one must adopt the perspective of 3.1. 
So, what we perceive is reality, but how does that go about. Still today, no one can 
explain how the actual process of perceiving a visual stimulus is carried out. To realize 
the complexity of visual perception parts of an example from Wade (1991) will be 
reviewed. The example treats a person about to cross a street. Before crossing the street, 
an immense amount of information must be perceived and processed. How far away is 
the other side of the street? Are there any cars approaching? If there is, how far away 
are they and how fast are they traveling? The question of vehicles approaching includes 
issues like, what is a vehicle and how is it recognized? Vehicles can’t be defined by a 
simple set of parameters; they differ in color, number of wheels, shape, size etc. Even if 
a vehicle is considered just a moving object still tougher problems are encountered. 
How is an object separated from its background, is it the object or the background that 
is moving or am I moving and the object is stationary? Since we are in the computer 
age, an intuitive approach might be that of computer vision. We might imagine our eye 
as a camera and our brain as a CPU processing each image captured by the camera. 
Differences in each image gives us information about how the world changes. 
Depending on how much a cohesive unit of color and color shifting, interpreted as a car, 
has moved from one picture to the next the speed of the unit can be calculated. Even 
though this might seem a bizarre and simplified example, thoughts like these are not 
strange in the theory of visual perception. David Marr (1945 - 1980) is considered a 
great contributor to visual science and his reasoning has much in common with the 
computer approach. On the other hand we have James J. Gibson (1904 - 1979) who 
introduced the concept of optic flow. He considered the perceived stimuli a visual 
pattern transforming over time. Introducing time in the perceptual process implied some 
kind of motion perception and that is how he considered all perception. These two 
theories about visual perception are extremes on either side of the scale, one stating that 
everything is perceived as a whole, an optic flow, the other stating that each stimulus is 
treated and analyzed at its simplest level. But still, both theories have followers and 
there is not enough knowledge to refute any of them. 
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3.2 Visual Object Recognition 

Object perception is a prerequisite for object recognition. But where perception is an 
area of relative uncertainty, recognition can be treated with more confidence. Object 
recognition relies heavier on the optic flow theory than on “computer vision” with 
motion perception as a central concept. Another central concept in object recognition is 
geocentric perception. This means that what is perceived is done so with the physical 
environment as the reference frame. In order to gain new information about the 
environment complex changes in stimulation from the environment caused by 
movement of the eyes, head and body is required. Geocentric perception implies that 
what is perceived is done so with three-dimensional locations and dimensions. Since the 
reference frame is not egocentric, but geocentric, objects must have a property called 
perceptual constancy, which is central in object recognition. This means, an object is 
perceived as having constant dimensions no matter at what distance or in what 
orientation it is sighted. As in 3.1, this is supported by the same argument, the world is 
three-dimensional and we need to perceive it that way in order to survive. The 
geocentric approach is thus rendered from backward reasoning with this starting point. 
In addition to object constancy, discrimination and generalization are crucial in object 
recognition. Objects can be discriminated by assigning them different properties and 
properties can be generalized and applied to different objects. Pattern recognition is 
similar to pattern perception and suffer under the same controversy, between a holistic 
and a simplistic approach. An in depth discussion on these subjects can be found in 
Wade (1991). Most object recognition experiments have historically been carried out by 
studying pictures. These experiments prove that object orientation is the single most 
important property of a virtual representation when recognizing what is depicted. An 
object has visual characteristics that are more significant than others and if these are 
presented the object is more easily recognized. 

3.3 Haptic Perception and Object Recognition 

When touching an object a combination of its kinesthetic and tactile properties are 
perceived. An apparent property of what can be perceived this way is that it is limited to 
the perimeter of limbs reach. These properties are perceived via forces imposed on the 
individual’s skin. Net forces combined with the position of all parts of the individual’s 
body are referred to as the kinesthetic perception. This way, coarse properties of objects 
are mediated. Force variations and distributions within the contact area of the skin is the 
tactile (cutaneous) perception. This way, properties such as small shapes, textures and 
friction are perceived. These two perceptual concepts combined, the tactilo-kinesthetic 
combination, is labeled “haptics”, Hatwell, Streri and Gentaz (2003). Haptics is also 
referred to as active touch, without active exploration of the environment there will be a 
lack in coherence. As opposed to vision, haptic perception is more of a sequential 
process. Requirements on a conscious synthesis of what is perceived are therefore 
higher when concerning haptics instead of vision. As with vision, haptic perception has 
to treat the issue of object constancy. Even though an object is sensed by receptors 
spatially separated, on different fingers and in the palm, an object must be perceived as 
a single unit with cohesive surface properties. This is why active touch is so important 
to object perception and recognition. The different actions in the process of exploring an 
object through active touch is referred to as “Exploratory Procedures” (EP), Ledermann 
and Klatzky in Hatwell et al. (2003). The EP:s are a few reoccurring actions that seem 
to be in some sense common for individuals when haptically exploring an object. Such 
procedures are lateral motion, for exploring surface texture; contour following, to 
determine shapes and part movement, to explore the properties of moving parts of an 
object. Recognizing an object would be done with these procedures working as 
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hypothesis tests. Identifying an object could be said to be done in an iterative manner, 
striking up hypothesis’s and testing them with selected EP:s to retrieve enough 
information for the object to be recognized. However, if haptic perception is quite well 
understood, the understanding of haptic object recognition is poor. For further studies 
the reader is referred to the sources mentioned and Gibson (1966). 

3.4 Cross Modal Object Recognition 

Just as there are uncertainties concerning visual and haptic perception and recognition, 
the integration of such information is also a territory of few certainties. Firstly, there are 
some features of objects that are perceived by a single modality, for example color and 
mass. But other features, such as size, orientation and surface roughness can be 
perceived both visually and haptically. It is suggested that such information, if alike, is 
automatically integrated. Mutually confirming information across modalities allows for 
a richer representation of an object in memory. However, if cross modal information is 
in some way ambiguous, it tends to be less efficient for object recognition than within 
modal object recognition. If, for example, an object is touched but not seen and a virtual 
representation of the object is visually studied, experiments prove that object 
recognition levels decrease significantly, Woods and Newell (2004). Thus, it is 
indicated that object recognition facilitates from collocation of visual and haptic 
representation. 

3.5 Simulating Haptic and Tactile Properties 

The application concerned in this project would be referred to as computer haptics [3]. 
Computer haptics means that computer software and a haptic device are used to 
generate and render force feedback. The objective is to create a touch and feel sensation 
of a virtual object that corresponds to the touch and feel of the real equivalence of the 
virtual object. When considering tactile properties, studies indicate that there are three 
subjective dimensions that dominate the perception of a surface - roughness, hardness 
and stickiness, Hollins, Seeger, Pelli and Taylor (2004). According to Hollins et al. 
(2004) roughness is the only one of these that has been studied extensively. These 
studies have proven that the perceptual roughness corresponds close to linearly to the 
physical scale of the texture elements of a surface. This correspondence spans over a 
wide range of texture granularity, from micrometers to millimeters. Surface hardness 
and stickiness (friction) are dependent on the resistance offered to the perpendicular 
force applied to the surface respectively the resistance offered to lateral forces applied. 
The relation between these properties and the physical properties responsible for their 
occurrence is not understood with the same accuracy as is roughness. The knowledge of 
how these properties are related to one another is even more incomplete. In Hollins et 
al. (2004) a number of experiments were carried out to quantify the relative perceived 
differences within these subjective dimensions. The experiments were not made with 
real, but virtual surfaces, with the output of a haptic device as surface stimuli. All 
dimensions obeyed the power law, that is, the perceived stimuli increase was related 
exponentially to the actual stimuli increase. Exponents for bump size, stiffness and 
stickiness were respectively 0.80, 1.01 and 1.49. The exponents for bump size and 
stiffness correspond to values established in work with real surfaces. Stickiness was not 
previously measured. Virtual touch obeying the power law is an important result. The 
virtual stimuli are models of real stimuli which mean there are subtle physical 
differences. These differences are hereby proved not being as disruptive to the 
perceptual experienced as feared. 
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3.6 Why is Push-Button Feedback Important? 

Ideally, according to Griffin (1999), when operating a push-button the haptic feedback 
should be all information needed by the user to become aware of the success of his 
action. Designing haptics should be done with this as its target. Visual and auditive 
feedback is of course modalities that could be stimulated confirming this success. 
However, it might either take attention away from other more critical tasks or it might 
be a hindrance to fast operation of a device, registering impressions with multiple 
senses. Confirmative haptic feedback is decided from a multitude of different aspects. 
The key travel for example, must reach above a certain limit. Otherwise problems like 
unintentional activation, the possibility to quantify travel length and not even being able 
to notice movement at all. There are similar issues with keying force. Griffin (1999) 
writes:  
“Ambiguity surrounding whether the machine has registered the keying action slows 
user input speeds. Tactile feedback has been found to be preferable to both auditory and 
visual. Furthermore, Brunner and Richardson (1984) found that the preferred, and most 
effective, form of feedback varied within the keystroke.” 
The varying feedback mentioned was decided to have the character of an initial increase 
in force resistance. When the switch would close, the resistance should disappear and 
when reaching the bottom another increase in resistance should occur. The button 
should also be returned to its initial position. This kind of feedback can be introduced in 
a control via a collapsing rubber dome, for example. 

3.7 Switch and Push-Button Techniques and Properties 

3.7.1 Rubber Domes 
The force feedback in a rubber dome push-button or switch comes from a collapsing 
rubber dome, see figure 1. This technology is used in, for example, computer keyboards 
and telephones. The rubber dome can be actuated either directly or indirectly, with 
directly meaning pressing the actual collapsing dome and indirectly when some kind of 
key top is mounted on top of the dome. Production costs are low since rubber domes are 
moulded in charts that can contain hundreds of dome units, Griffin (1999). The majority 
of rubber dome keypads are moulded from silicone rubber. The characteristics of 
silicone rubber remain almost constant over wide temperature intervals, it is stiff 
enough to provide high enough forces for most applications and it has a long operating 
life of up to 15 million actuations. These properties together with the a characteristic 
much like the traditional micro switch feeling is what make this technology so popular. 
The feeling can be custom designed via adjusting dome geometry, membrane 
thicknesses and material properties. 

Figure 1. The most commonly used rubber dome design (cut through). 
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3.7.2 Micro Switches 
This thesis mainly concern the design of rubber dome actuated push-button feeling, but 
the older and still competing alternative of micro switches should at least be mentioned 
according to Griffin (1999). Micro switches are used in, for example, mouse buttons. 
The force feedback is created mechanically via, for example, mechanical springs and 
sliders and bumps to be passed over. Since each micro switch has its own individual 
housing the force feedback design possibilities are limited only to the constructor’s 
imagination. Sound feedback can also be custom designed. The wider variety of design 
possibilities for micro switches of course comes with a setback. This setback is mainly 
cost, which is significantly higher for micro switches than for rubber domes. But micro 
switches generally require a larger housing as well, this is also a setback.  

3.7.3 Vital Push-Button Parameters 
There are three properties of the characteristic of the feeling of a push-button that are 
often referred to as what mainly defines the push-button feeling. These are the collapse 
force (P1), the snap ratio and the stroke (S3). These properties are easily explained with 
the help of a force-displacement diagram. In figure 2, the upper curve is the force 
perceived on the way down and the lower curve is the return force. The point S3, on the 
displacement scale, is the point which can be considered the bottom of the push-button 
stroke. This is the point at which the button has its mechanical stop. The relation (P1 – 
P2)/P1 is called snap ratio. It is a value between zero and one and it is often expressed 
in percents. The point P1 on the force scale is called the collapse force. 

Figure 2. Force-displacement curve with essential points marked. (Scania, internal document) 
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4 The Scania feeling 
Tests with the objective of finding out what feeling users want when operating controls 
have already been conducted at Scania. Rydman and Sandin (2001) has made an attempt 
to concretise the subjective experience of pushing a push-button via Kansei Engineering 
(KE). KE is a technique to find a set of subjective terms that describes the feeling of 
objects corresponding to a general consensus. The properties of the objects are then 
related to this set of terms. An analysis of the relations is conducted in order to isolate 
desirable properties to be able to design and produce what customers might want. 
Rydman and Sandin concludes that a method like KE could be of assistance to create a 
common set of concepts when lacking experience in a product area. However, in 
deciding what desirable properties in a push-button are, the study made no contribution 
other than to verify what could be realized intuitively. A push-button should feel sturdy 
and the feeling is dependent on its stroke and push force. It also stated that KE is a 
method requiring a lot of resources, such as time and statistical competence. A number 
of conditions must also be fulfilled in order to analyze the results from the survey, this 
further limit the possibilities with KE. With this in mind the quality of the results seem 
insufficient. Nonetheless this is an area of great importance and ways to improve the 
subjective feeling of products is ever ongoing. In the other half of 2004 tests were made 
where people were asked to assess aspects of the Scania feeling of different controls. 
This survey, Scania CV AB (2004), together with the measuring of the mechanical 
properties of the controls, was conducted with the intent of creating a way to describe 
the Scania feeling in a concrete fashion. This would in turn facilitate the cooperation 
with suppliers as well as deciding what desirable properties of a control are. 

4.1 Survey 

Controls from the 3-series, the 4-series and the R-series were used. 25 people were 
engaged in the testing procedure. The tests were made in a lab environment, with a 
complete control panel, but not installed in a truck cabin. 12 different controls were 
assessed; five from each of the series’, although three of the controls are the unchanged 
from the 3- to the 4-series. The controls were tested in a random order. After testing 
each control the test person was asked to assess the feeling of the control according to a 
set of predefined parameters. These parameters were “the Scania feeling”, 7 sets of two 
contradicting words and 18 feeling related words. The data from the test were never 
analyzed, but summarized in tables. No conclusions were made through the immediate 
interpretation of the data. This survey is very much like a KE, but no such analysis has 
been made. The approach taken in this analysis uses a statistical tool similar to those in 
KE but here the statistical method is applied in a very straightforward manner. 

4.2 Statistical Method 

The approach taken to analyze the data from the survey is that of logistic regression, 
Dobson (2001). It is a regression method that is adapted to a data set where the response 
variable is binary. The response variable in this test is the Scania feeling and a control is 
considered to either have it or not have it, in the individual perspective. The response 
variable is assumed to be dependent on a set of explanatory variables. The method is a 
step along the way to give an answer to the question of if and which of the explanatory 
variables significantly explains the response variable and to what extent.  
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The general formula is: 
 
(1) 
 
 

where β represents the explanatory variables and µ is the relation between the number of 
acceptances in the response variable and the total number of responses, N. The Matlab 
Statistics Toolbox contains a function that performs the calculations of the regression 
method [4]. The function call is: 
[b,dev,stats] = glmfit(DATA,Y,'distr','link') 
where b is a vector containing the betas, dev is the deviance of the b-vector and stats is a 
structure of statistical values concerning the analysis in question. DATA is the matrix of 
explanatory variables, Y is the matrix of response variables, ’distr’ represents the 
distribution of the response variables and ’link’ specifies the relationship between βx 
and µ. The analysis of the data from the Scania feeling survey was made by applying 
this function to the data in the following way: 
[betas,dev,stats] = glmfit(X,[y N],'binomial','logit') 
The response variables are distributed binomially and the link between βx and µ is 
logarithmical as seen in formula (1). 

4.3 T-Test 

Since the set of test persons is always limited, no value of the regression coefficients, 
the betas, is infinitely correct. The less people who are involved in the survey the more 
uncertain the results from it are. A way to decide to what degree the explanatory 
variables are involved in the Scania feeling is to make a t-test. Studying Enqvist (2001) 
shows that one way of applying the t-test to the regression coefficients is to create a 
confidence interval for them and decide at what level the interval will not overlap 0. An 
overlapping of 0 would mean that the explanatory variable has no significance 
whatsoever. The level at which 0 is overlapped is called degree of confidence; it is 
written as 100×(1 – α) and it is measured in percents. A 95% confidence interval means 
that α = 0.05 and it will contain the value of the regression coefficient in 95% of the 
cases. Calculating the interval is based on the t-ratio. The t-ratio for each regression 
coefficient is calculated as the regression coefficient divided by the individual standard 
error. Instead of calculating the interval from the t-ratio data, the t-ratio values can be 
compared with table values for certain degrees of confidence directly. Such a table can 
be found in MAI (2000). 

4.4 Results 

As seen in appendix A no explanatory variable significantly explains its corresponding 
response variable in more than four out of twelve cases. This variable is the one that 
measures a control on a positive/negative feeling scale. That means that the most certain 
interpretation of this analysis is that a control with a positive feeling is recognized as a 
control with Scania feeling and vice versa. This result therefore implies that the idea of 
defining the Scania feeling with a subjective description is not applicable. However, the 
result is not reliable enough to make any real conclusions. 
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4.5 Discussion 

The survey has a few flaws. It does not contain controls from any other brand than 
Scania. Comparing results for controls from different manufacturers would have given a 
better possibility to decide whether Scania feeling is a relevant concept or not. Isolating 
Scania controls with an unmistakably higher response frequency in this aspect would 
give credibility to such a notion. Further, the survey is not conducted in a fully life like 
environment, but in a lab and not in an isolated cabin. The way the sound resonates in a 
real truck cabin could very well influence the way the controls are perceived. Also, the 
contradictive word parings appear chosen somewhat arbitrarily. The choices are in no 
way motivated and rejected alternatives are not treated. 
 
The choice of regression method is based on a recommendation and no other 
alternatives have been considered. The reliability of different regression methods can be 
internally, not absolutely, ranked by comparing certain regression values for each of the 
methods. Since no other methods have been used to evaluate this data set this procedure 
has not been carried out. Thus, no conclusion can be drawn concerning the reliability of 
this regression method compared to other possible methods. What makes the chosen 
regression method trustworthy is only that it is a method well suited for analyzing a data 
set such as the data in the survey in question. 
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5 Method 

5.1 A Tool for Developing Push-Button Feeling 

A major part of the practical work in this thesis was judging which tool to use as test 
environment. This was done by browsing the internet for possible solutions, visiting 
different suppliers of tools and through discussions with suppliers, coworkers and 
supervisors. The choice of equipment used in this project was based upon two 
standpoints. One was that the technology should present the opportunity to construct a 
relevant result within the defined timeframe. The other was the issue of cost. These two 
are somewhat intertwined and none can really be said to be the primary condition to 
consider. A relevant result in this case meant that the result should render a set of data 
that in some way improved Scania’s ability to specify the feeling related properties of 
push-buttons. It also meant that the result should be a tool with which Scania could try 
out the feeling desired in push-buttons. 

5.2 Interviews 

It is not obvious what it is in the process described 2.3 that could be handled more 
efficiently. Therefore a questionnaire was composed for Scania’s major suppliers of 
controls to respond to. For telephone conversations an agenda was set up. The 
questionnaire and the agenda are presented in appendix B. 

5.3 Specifying Push-Button Feeling 

The results from the interviews are summed up into a general recommendation. 

5.4 Push-Button Force-Displacement Curve 

To verify the tool as a valid push-button simulator the real push-button had to be 
measured. The measurement is the basis on which the force-displacement curve for the 
virtual push-button is implemented. 
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5.4.1 Measuring 
Measuring of the force-displacement curve was made with a high-resolution Newton 
meter. The measuring equipment with the light module mounted for measuring can be 
seen in figure 3. 

Figure 3. A high resolution Newton meter and a distance meter mounted on an adjustable stand. 
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Figure 4. Depressed push-button. 
 
The auxiliary light module measured was placed and fastened in a stand. The Newton 
meter was manually lowered, as seen in figure 4, and raised through the stroke of the 
push-button by rotating a wheel. The measuring was made with a frequency of 1000 Hz; 
the force resolution was 0.04 N and the displacement resolution was 0.01 mm. All five 
push-buttons on the module were measured. 

5.4.2 Curve Fitting 
To be able to implement the real force-displacement curve in the virtual environment 
the data has to be translated into a mathematical representation. This can easily be done 
by using the curve fitting tool in Matlab. When having converted the data to the correct 
format for Matlab the choices to be made in the Curve Fitting Toolbox are which type 
of fit to use and how complex a fit is to be used. 

5.5 Virtual Environment Code 

In programming the VE (Virtual Environment) a somewhat ad hoc approach was taken. 
The independence between the different programming languages used combined with 
the relatively limited complexity of the code made this possible. 

5.6 Virtual Environment Test 

To evaluate the tool as well as the force-displacement curve implemented in this 
application a group of 10 people volunteered for a testing procedure. All volunteers 
were accepted. This procedure was started by introducing the test environment for the 
test person, see figure 11 in chapter 7.6. The virtual environment contains a virtual 
push-button module, a set of curves describing the characters of the virtual push-
buttons, a table of values describing the parameterization of the curves and slider-bars to 
alter these parameters. Since all parameters used to control the environment are not 
intuitively graspable the test person was told to either ask for the meaning of altering a 
control or to ask the test leader to alter the push-button characteristic in the desired 
fashion. The test person was also presented with the real auxiliary light module, though 
not mounted in the control panel of a truck, see figure 5. In addition the possibility to 
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push the real push-buttons with the back end rubber of a pencil was introduced. First, 
the test person was asked to match a characteristic of a push-button in the virtual 
environment to that of the real push-button. That is, the test person was asked to push 
the real push-buttons to get an idea of the character of the push-button. Then, pushing 
the virtual push-buttons, the test person was asked to try and find a virtual character 
matching the character of the real push-buttons. Second, the test person was asked to 
alter the parameters of the matching push-button to make the feeling of the virtual push-
button correspond as closely as possible to the feeling of the real push-button. This 
could, as mentioned, be done by altering the parameters oneself or by asking the test 
leader to alter the parameters to change the behavior of the push-button a certain way. 
Then the choice of push-button and the values of the parameters were noted. When this 
was done the test person was asked to comment on: 

- the interface (pushing a push-button with the tip of a pen) 
- collapse force 
- collapse displacement 
- stroke 
- return force 
- best “event accomplished”-feedback 
- the virtual tool (Reachin setup) 
- the virtual environment 
- other 

Figure 5. The real auxiliary light module. 
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6 A Tool for Developing Push-Button 
Feeling 

This project should render a tool with which push-button feeling in some way could be 
developed. The chosen tool, which tools that were not chosen and on what basis the tool 
was chosen is presented here. 

6.1 Reachin Setup 

The technical equipment used in this project comes from Reachin Technologies AB 
(www.reachin.se). The Reachin setup consists of the Reachin Display, a Sensable 
PHANTOM™ Desktop device; a LogiCad3D Magellan/SpaceMouse and the software 
package Reachin API v. 3.2. A picture of the setup can be seen in figure 6. 

Figure 6. A complete view of the haptic device and visualization setup. (www.reachin.se) 
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6.1.1 Reachin Display 
The Reachin Display consists of the screen mount seen in figure 6. together with the 17 
inch monitor ViewSonic Professional Series P75f+ and a set of Chrystal EYES 
stereoscopic glasses. A pair of stereoscopic glasses can open or close sight for one or 
both eyes as programmed by the user. The monitor works with an update frequency of 
100 Hz displaying the view seen by the right respectively left eye every other screen 
update. The glasses are synchronized with the monitor’s altering views through an 
infrared signal. Thus the glasses closes and opens the view for the right respectively left 
eye coordinated with the right and left eye views presented on the screen. This gives an 
impression of a three dimensional view. The way the screen is mounted on the stand 
together with the mirror makes the viewer perceive the three dimensional view as 
located in the free space underneath the mirror. This visual illusion is the prerequisite 
for combining and collocating haptic and visual output. 

6.1.2 Sensable PHANTOM™ Desktop 
The Sensable PHANTOM™ Desktop haptic device is a solution for the desktop. It is a 
jointed robot arm, much like the human arm, attached to the device “body”. Electrical 
motors render forces and sensors read the position of the arm. The device can render 
forces in all three dimensions, but not torque. The forces are rendered at the tip of a pen-
like device held by the user, see figure 6. The feeling is very much like holding a real 
pen, with which real-world surfaces are touched (www.sensable.com). The technical 
specifications of the PHANTOM are presented in table 1. 
 

  Force feedback workspace   ~ 160 W x 120 H x 120 D mm. 

  Footprint (physical area device base occupies on desk)   ~ 143 W x 184 D mm. 

  Weight (device only)   ~ 2.86 kg 

  Range of motion   Hand movement pivoting at wrist 

  Nominal position resolution   ~ 0.023 mm. 

  Back drive friction   < 0.06 N 

  Maximum exertable force at nominal (orthogonal arms) 
  position   7.9 N 

  Continuous exertable force (24 h)   1.75 N 

  Stiffness 
  X axis 1.86 N / mm. 
  Y axis 2.35 N / mm. 
  Z axis 1.48 N / mm. 

  Inertia (apparent mass at tip)   ~ 45 g 

  Force feedback   x, y, z 

  Position sensing [stylus gimbal] 
  x, y, z (digital encoders) 
  [Pitch, roll, yaw (± 3% linearity 
  potentiometers) 

  Interface   Parallel port 

  Supported platforms   Intel-based PCs 

Table 1. (www.sensable.com) 
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6.1.3 Reachin API v. 3.2 
The Reachin API, application programming interface, constitutes the core of working 
with the equipment from Reachin. It combines programming C++, Python and an 
extended VRML (Virtual Reality Modeling Language) library. The Reachin API 
handles the synchronizing and calculating of haptic and graphic rendering 
(www.reachin.se) 

6.1.3.1 Extended VRML 
The extended VRML library is the highest level of programming the VE. VRML is used 
for programming the visual part of the VE. Any static VE can be created with a so-
called scene-graph using only the predefined nodes and fields that are the fundamental 
concepts in VRML. A scene-graph is a data structure that is commonly used in graphics 
programming. A static VE means a VE which properties cannot be manipulated in real 
time. The functionality and structure of a scene-graph in VRML is treated at greater 
length in 7.2.1. The interested reader is referred to Watt (1999). 

6.1.3.2 Python 
Adding dynamics to the scene-graph requires scripting in Python. This allows for 
properties of objects in the scene-graph to be interconnected and thus lets the VE be 
manipulated in real time. A very simple example of interaction is changing an object’s 
colour by touching it. For further studies of Python see Lutz and Ascher (2003). 

6.1.3.3 C++ 
The set of nodes and fields in the VRML library is not static. With C++, new nodes with 
new properties can be added suiting just the application in question. (www.reachin.se) 

6.1.4 Workstation 
The vital parts of the workstation used for this application was the dual 3.4 GHz Intel 
Pentiums and powerful graphics via Nvidia Quadro FX 1400. 

6.2 Rejected options 

6.2.1 SenseGraphics 3D-MIW 
The SenseGraphics 3D-MIW (mobile immersive workbench) consists of Sharp Actius 
AL3D, a notebook stand, a Sensable Phantom Omni, a 3D Connexion Space Traveler 
and the SenseGraphics H3DAPI (www.sensegraphics.com). The notebook from Sharp 
(www.sharp.com) has the functionality of displaying an image in 3D by shutting out 
light in certain directions so as not to display what is supposed to be seen by the right 
respectively the left eye. The notebook is mounted on the stand much like the Reachin 
Display. The principle is that the stand with its mirror is crafted to create the illusion 
that the objects viewed are floating in the free space beneath the mirror. Thus, the 3D 
view can be collocated with a haptic device. The SenseGraphics H3DAPI is an 
application programming interface that is based on the X3D visualization standard and 
haptics rendering from Sensable Technologies, Inc. The virtual environment from 
SenseGraphics AB can also be used with a CRT screen for better visual performance. 
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6.2.2 Control Panel Dummy with Haptical Tool Actuating Forces 
The idea is to use an actual control panel dummy, without the underlying mechanics. 
Instead, programmable haptics would be connected to the panel controls to actuate the 
control forces. This technique gives the user a real, not a virtual, environment to see, 
touch and feel. 

6.2.3 Simulate Switches with Rotary Knob 
A force feedback rotary knob is of course the ideal tool when simulating a rotary knob. 
But the centre axes of the knob can also be used as rotation axes of a switch. Adhering 
the switch’s button top to the rotary knob and collocating the centre axes of the rotary 
knob and the rotation axes of the switch gives a simple model of a switch. Press forces 
and travel length are easily modelled. 

6.2.4 Samples 
A common technique in the automotive industry when developing push-button 
characteristics is using samples. It simply means that a supplier of push-buttons presents 
its customer with a number of real push-buttons with different predefined 
characteristics. The customer decides on whichever of the samples is best suited for the 
vehicle and application. 

6.3 Why Reachin? 

The control panel dummy solution was judged unrealistic with the time and money 
aspects in mind. In addition, it does not have the same design flexibility as a solution 
with computer graphics. A switch simulated with a rotary knob is a simple solution but 
lacking the same flexibility as the control panel dummy. Samples are also a simple 
solution but here the shortcomings present themselves when considering haptic 
flexibility. The customer cannot custom design the haptic properties as he is limited to a 
finite set of samples. The virtual environment from SenseGraphics AB is practically the 
same as the environment from Reachin Technologies AB. However, in this case, cost 
and practical issues ruled the verdict in favor of Reachin Technologies AB. 
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7 Results 
The results from interviews, the virtual environment developed in the Reachin setup and 
an evaluation of the virtual environment are presented in the following chapters. 

7.1 Supplier Comments 

The way in which suppliers want the information about the feeling of push-buttons 
communicated is crucial to be able to judge whether at development tool for push-
button feeling is useful or not. Four suppliers were contacted out of which three 
responded: 

- ALPS ELECTRIC CO., LTD. Tokyo, Japan. www.alps.co.jp. 
- Sateco AG Switchpad Systems. Nänikon, Switzerland. www.sateco.ch. 
- Preh GmbH. Bad Neustadt a. d Saale, Germany. www.preh.de. 

Another supplier, Tokai Rika, did not, despite numerous attempts, respond. 

7.1.1 ALPS 
The following information comes from mail contact with Johan Lindqvist and Daniel 
Eriksson from ALPS and a telephone conversation with Johan Lindqvist on March 23rd 
-05. The discussion was based on the questions and the agenda in appendix B. The text 
is verified by Johan Lindqvist. 

7.1.1.1 Cutting Edge Project 
ALPS has run own projects with the objective of making the process of developing 
controls more efficient. In cooperation with a major Asian car manufacturer a rotary 
knob was developed. In this project the mechanical parts of the rotary knob were 
designed in CAD according to a mathematical formula for the desired force-
displacement curve. The resulting feeling of the rotary knob was not the expected one 
with the conclusion that a feeling is not easily translated into mechanics via a 
mathematical formula. 

7.1.1.2 Force-displacement 
Information concerning forces and displacement of controls should be presented 
through a mathematical formula or a data set. The formula should describe the output 
force of the control as a function of displacement. This form of representation contains 
information about, for example, maximum exerted force and travel length. This data is 
the most significant information when deciding whether a control I realizable or not. 
Hence, when confronted with this information ALPS will be able to estimate whether or 
not they will be capable of supplying a control with the desired feeling. 

7.1.1.3 Control Environment and Sound 
The environment in which a control is placed is crucial to the feeling when operating it. 
Since the environment affects the feeling this information is decidedly relevant when 
constructing the control. It would be of assistance should the customer in some way 
describe the environment in which the control will be placed. A control often makes a 
sound when operated, for example a click. This sound is a considerable part of the 
operative experience. The environment a control is placed in can change the auditive 
character significantly. Therefore acoustic properties of the control environment are 
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also a help for the supplier when trying to create the desired feeling. To some extent it 
is possible to control when, along the stroke of for example a push-button, a sound is to 
arise. Sound can also be manipulated. Of course the possibilities are limited, although 
it is an area being explored. 

7.1.1.4 Routine for Decision-Making 
Sometimes when working with other suppliers, ALPS has to interpret and put together 
demands from multiple sources. Ergonomics-, design- and technical development 
departments all want in on the hows and what’s about the controls. The issue is not 
really that the information is mediated through a number of channels even though this 
might be a problem itself. The problem is that the information differs depending on 
which source it came from. Everyone does in fact not have the same view of what the 
brand specific feeling is. The development process would facilitate greatly from a high 
degree of convergence and clarity concerning product identity and brand specific 
characteristics. 
 
One way to go about this would be to have a forum dedicated to each specific project. A 
forum where information was mediated and decisions were made. This forum would 
exist throughout the entire development process, but not as a static group. The forum 
should be able to handle the changing issues of the development process and would 
therefore have to change itself. As well as ALPS, Scania would facilitate from this in the 
cooperation with its suppliers. 

7.1.1.5 Joint Meetings 
As always, when something abstract like a feeling is mediated nothing else than a face 
to face discussion can provide the means for understanding each other. When all 
information is gathered and all parties have reviewed it, joint meetings are the most 
important tool for creating comprehension for the desired characteristics of the 
product. 

7.1.2 Sateco 
The following information comes from mail contact and several telephone 
conversations with Rainer Hoffman from Sateco between June 13th and August 22nd -
05. The discussion was based on the questions in appendix B. It also treats a handbook 
used at Sateco but due to confidentiality concerns this material can be no more than 
mentioned. The text is not verified by Rainer Hoffman. 

7.1.2.1 Force-displacement 
In order to give a well founded response considering whether a control is realizable or 
not and what resources such a design would require Sateco requests information about 
snap ratio, maximum force and stroke. My impression from the talks with Mr Hoffman 
at Sateco was that a force-displacement diagram contains no further useful information 
than these three data. 

7.1.2.2 The Handbook 
At Sateco one uses an informative handbook to get a better understanding of the haptic 
properties of controls among ones customers. For example, this handbook describes the 
properties of different rubber dome designs as well as production aspects such as 
deviation tolerances. It gives clear answers to questions about, for example, which 
designs give certain behaviours or which relations between life (number of actuations), 
force and stroke should be expected. 
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7.1.2.3 Switch “Simulator” 
To better demonstrate the characteristic of a rubber dome Sateco uses a device, figure 
7, much like a push-button in which a single rubber dome can be mounted. Instead of 
just pushing a loose dome, which is a perfectly uninterpretable experience, this device 
can give a layman a good idea of what appropriate key forces are. The experienced 
engineer, on the other hand, can pick out rubber domes with desirable properties for 
certain controls with this kind of help. The device can be analogously adjusted to create 
different pretensions in order to further tune the characteristic of the rubber dome. 

Figure 7. Device for rubber dome keypad testing. 
 

7.1.2.4 Force-displacement Master Characteristic 
A few major European car manufacturers have in cooperation with Sateco created 
force-displacement diagrams to represent the brand specific characteristic. This has 
been used to render a kind of force-displacement master characteristic rubber dome. 
This rubber dome functions as a reference for all control development in order to create 
a convergent impression of the control feeling. 

7.1.3 Preh 
The following information comes from a telephone conversation with Joachim Storath 
from PREH on August 8th -05. The discussion was based on the questions in appendix 
B. The text is not verified by Joachim Storath. 

7.1.3.1 A Rolemodel Cooperation 
As an example Preh mentioned cooperation with a major European car manufacturer 
considerably better than with other customers. This manufacturer has a certain 
department from where the specifications and decisions for control development come. 
The cooperation facilitates from mainly two factors. Those are the thorough 
specifications and the fact that the information is indisputably mediated. The 
specifications contain information about which technology to use, for example rubber 
dome/micro switch, which material and texture to use as well as force-displacement 
diagrams. The process further facilitates from the years of experience of working 
together. 
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7.1.3.2 Additional Comments 
It is possible to recreate almost any force-displacement diagram combining different 
technologies, for example springs and rubber dome switches. Although a thorough 
specification is of great help, the best way of creating the desired feeling is still to work 
with comparative testing of samples and referring to old controls. Preh does not work 
with defining sound in the specification. 

7.2 Specifying Push-Button Feeling 

The collective impression from the discussions with the three suppliers can be summed 
up with three concepts: 

- reference samples/characteristics 
- force-displacement curve 
- straight communication 

The commonly accepted method for developing push-button and control feeling is using 
a number of samples and isolating a desirable feeling. The isolated feeling can in turn be 
adjusted a certain way to find exactly what is desired in an iterative process. This is 
somewhat alike to the current development process at Scania. This method vouches for 
reliable, good results but not for quick results. Instead, if being able to present a supplier 
with a force-displacement curve to describe the control feeling, all suppliers claim to be 
able to reconstruct this in a control. However, past results from this process are not 
unanimously successful. Always when communicating information to a supplier, 
making sure that a clear message is communicated is critical. This might seem obvious 
but comments from suppliers indicate that this does not come natural in all customer 
relations. 
 
In addition to the above, suggested by all suppliers, a few more points from which the 
development process might benefit were brought up. A few leading European car 
manufacturers are supposed to work with something referred to as a master 
characteristic. This is a reference characteristic in shape of a master sample to which all 
new control shall be related. Instead of trying to describe ones brand specific 
characteristic with a set of subjective concepts the characteristic is described haptically. 
Describing a feeling with an actual feeling should be the intuitively obvious way to 
anyone. Hereby, the risk of different opinions on what a hard or a soft push button is 
can be eliminated. Otherwise all information on what properties a control shall have and 
what environment it is placed in is of interest to a supplier, if it is communicated 
clearly, that is. Of course, all suppliers work with making the development process of 
controls more profitable. Thus, the obvious interest in other solutions making the 
process more efficient makes them susceptible to new influences. Tools like the one 
evaluated in this thesis, if proved useful, might very well be successfully introduced. 

7.2.1 Snap Ratio Guidelines 
Although no optimum force-displacement characteristic can be decided beforehand, 
there are a few commonly accepted property relations worth mentioning. Griffin (1999) 
says larger keys shall generally have higher actuation forces. The same goes for keys 
with longer stroke. With this in mind, one soon realizes that keys of different sizes and 
strokes within the same keypad should be individually assessed in order to reach a 
cohesive impression. 
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7.3 Virtual Environment Code 

To create an environment with desired functionality a visual environment was created 
with VRML, real time dynamics was created with Python and a new node for push-
button surfaces had to be created in C++. 

7.3.1 VRML 
TRA Transform 
 
 DEF BUTTON2_TR Transform { 
  rotation 0 0 1 3.1415 
  scale  0.001 0.001 0.001 
  translation -0.0128 0.036 0 
  children [ 
   Shape { 
    appearance Appearance { 
     surface DEF B2_SURF FrictionalButtonDynamic { 
      transform USE BUTTON2_TR 
      curve 2 
      stroke 3 
      k1 2 
      collapseStroke 2 
      k2 -2 
     } 
    } 
    geometry DEF B2_NUDGE NudgeGeometry { 
     geometry USE BUTTON_GEO 
    } 
   } 
  ] 
 } 
 
 BUTTON1 
 
 BUTTON3 
 
 BUTTON4 
 
 BUTTON5 
 
 Transform { 
  scale  0.001 0.001 0.001 
  translation 0.0 0.0 0.005 
  children [ 
   USE PANEL 
  ] 
 } 
Example 1. VRML code. 
 
Example 1 above shows a simplified piece of the VRML code used to describe the 
scene graph in the push-button application. VRML uses a tree structure to describe the 
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scenes to be displayed. The tree structure is built up by nodes and fields. Each indention 
in the example above represents one step down in the tree structure. A level in the tree 
can consist of either nodes or fields. Nodes are recognized by the first letter being 
upper-case and fields are all lower-case letters. Basically, the nodes make up the 
structure of the scene being objects or physical properties and fields contain the 
values/parameters of the scene/objects. The code above starts with the Transform node 
named TRA. In this example TRA is the highest level of the tree structure and it affects 
the entire tree. A Transform node can contain, for example, rotation or translation 
fields. If a rotation or translation is made in TRA all underlying nodes are affected. A 
Transform node can also have a field called children. This field can contain other nodes, 
in this example the next node is another Transform node named BUTTON2_TR. This 
node displays a button object in the view seen by a user. The node BUTTON2_TR 
contains fields with values that rotates, scales and translates the object and the field 
children with a Shape node. The Shape node in turn contains an appearance field which 
in turn contains an Appearance node. The Appearance node contains a surface which 
holds the push-button property FrictionalButtonDynamic. This node is the unique 
custom made node for the specific push-button module application. The fields in this 
node are the parameters used to define the desired force-displacement curve. The other 
field, geometry, in the Appearance node contain a NudgeGeometry node which via its 
field geometry contain a reference to BUTTON_GEO. BUTTON_GEO is defined in 
another VRML file and it describes the button graphics. The code for the other four 
buttons is virtually the same as described here. What differs is rotation, their position 
defined in translation and which parameters in FrictionalButtonDynamic that are used. 
The last part of the code describes the panel that surrounds the push-buttons. The result 
of the above code is seen in figure 8. 

Figure 8. The virtual push-button module. 
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7.3.2 Phyton 
Adding a Python script to the scene graph allow for different fields to be interconnected. 
Such functionality is convenient when, as in this application, one wants to alter the 
characteristics of an object in real time. Here, for example, the push-button 
characteristic is defined by a mathematical formula. The mathematical formula is built 
up by certain variables and coefficients. The coefficients in this formula are what make 
the push-button feel a certain way. These coefficients can easily be interconnected with 
a virtual slider-bar somewhere in the VE. The field in the slider-bar node that contains 
the slider-bar value is said to be routed from the slider-bar value field to its 
corresponding value field for the button. In example 1, curve, stroke and k1 are such 
fields. An example of routing from a slider-bar field to a FrictionalButtonSurface field 
is shown in example 2 below. 
 
ROUTE B2_K1_SLIDER.value_changed TO B2_SURF.k1 
ROUTE B2_K2_SLIDER.value_changed TO B2_SURF.k2 
ROUTE B2_STROKE_SLIDER.value_changed TO B2_SURF.stroke 
ROUTE B2_COLLAPSE_STROKE_SLIDER.value_changed TO 
B2_SURF.collapseStroke 
ROUTE B2_K1_SLIDER.value_changed TO PY.B2_printK1 
ROUTE B2_K2_SLIDER.value_changed TO PY.B2_printK2 
ROUTE B2_STROKE_SLIDER.value_changed TO PY.B2_printStroke 
ROUTE B2_COLLAPSE_STROKE_SLIDER.value_changed TO 
PY.B2_printCollapseStroke 
Example 2. Routing with Python. 
 
Example 2 also shows routing from the same slider-bar fields but to functions defined in 
the Python script. The functions in question print the values of the slider-bar fields for 
the user to know exactly what the formula describing the push-button characteristic 
looks like. 
 
class PrintK1( TypedField (SFString, SFFloat) ): 
 def evaluate(self, inp): 
   return '%s %1.2f' % ( 'k1:', inp[0].get() ) 
 
B1_printK1 = PrintK1() 
Example 3. A function in Python that prints the value of K1. 
 
The code in example 3 contain a class definition which says that the function input, 
SFFloat, is a float variable and that the output, SFString, is a text string. The actual 
function always has self as an input and in this case also the float variable. The only 
operation in the function is return and it returns the value of the float variable input as a 
text string. The last row in the example creates an object, B1_printK1, of class PrintK1 
with the functionality described above. 

7.3.3 C++ 
The application in question required a unique “push-button node” to be created. This 
node is created in C++. Using the node in VRML can be seen in example 1 above, the 
node is called FrictionalButtonDynamic. The unique functionality in this node is the 
possibility to render forces according to any force-displacement function defined by the 
programmer. The node created is a generic node which is easily manipulated by a user 
at a later occasion would the need arise for implementing other force functions than 
those implemented here. When the pen proxy is in the vicinity of the buttons on the 
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module the force function defined in the code for the “push-button node” is run through. 
If the proxy is in contact with the button, forces are calculated according to the function. 
These forces are then actuated by the haptic device and perceived by the user. This 
routine is run through at the haptic rate of 1000 Hz. The force functions implemented 
for the buttons in this application are presented in 7.4 below. 

7.4 Push-Button Force-Displacement Curve 

7.4.1 Measurements 
The measurements of force-displacement data rendered the curves presented in figure 9. 

Figure 9. The force displacement curves for the push-buttons of the measured push-button module. 

7.4.2 Curve Fitting 
The real curves according to which the mathematical curves were fitted can be seen in 
figure 9. Basically, a third degree polynomial is enough to absorb the dynamics of the 
forces along the stroke of the push-button of current interest. To get a more exact fit a 
polynomial of at least sixth degree had to be used. The difference of fitting a third or a 
sixth degree polynomial can be seen in figure 10. As can be seen most practical cases 
does not benefit from a more complex fit but will benefit more from a simpler fit that is 
easy to handle and faster to compute. 

Figure 10. The dotted line is the data from the real push-button. The red line is the polynomial fitted to 
the data. 
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The procedure described results in a mathematical formula which can be used for real-
time computations in the force rendering algorithm for the haptic device. 

7.5 Force-Displacement Curve Implemented for Virtual 
Control 

 ///////////////// flat shape without snap ///////////////// 
 if (c_depth < *c_stroke) { spring = *c_k1*c_depth; } 
 else { spring = 2*c_depth - *c_stroke*(2-*c_k1); } 
Example 4. Code representing a virtual spring. 
 
Measuring the force-displacement curve for a real push-button and fitting a curve to this 
data was made to use the mathematical curve immediately in the code for the force 
rendering. However, the derivate of the curve for the real push-button proved too high 
for the haptic device in certain intervals. Example 4 shows the actual implementation of 
a spring force when the push depth is less than the push-button’s stroke, *c_stroke. 
When the push depth reaches *c_stroke, the bottom of the push-button is simulated by a 
force-“wall” with an increase in force of 2 N/mm. 2 N/mm is the limitation of the 
hardware as mentioned. The specified limit is actually a lower force increase rate than 2 
N/mm, see table 1. The implementation of all different push-button characteristics are 
presented in appendix C. 

7.6 Virtual Environment 

The appearance of the evaluated virtual environment is that in figure 11. 

Figure 11. The view seen by the user when working with the testing the push-button module. 
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The behaviors of the buttons on the auxiliary light module, the object in the middle, are 
described by certain force-displacement curves. The squares with force-displacement 
diagrams below the module are the respective behaviors of the corresponding push-
buttons on the module. These squares are also push-buttons. They can be activated and 
deactivated to control which of the push-buttons’ parameters on the module to alter. The 
buttons are numerated in the same way as text is read, from left to right and from top to 
bottom. The top row buttons are thus numbered 1 and 2; the button in the middle is 
number 3 and the bottom row buttons are numbered 4 and 5. The columns on the top 
left of the screen are numbered 1-5 from left to right. Each column contains parameters 
that define the force-displacement curves of the corresponding push-buttons. These 
parameters specify: 
k1: the slope of the first part of the force-displacement diagram (N/mm) (ranges from 0 
to 2) 
k2: the slope of the second part of the force-displacement diagram (N/mm) (where 
applicable) (ranges from -2 to 0) 
k3: the slope of the third part of the force-displacement diagram (N/mm) (where 
applicable) (ranges from 0 to 2) 
collapse stroke: the displacement where the k1 is no longer valid, also the collapsing 
point of the push-button (mm) (where applicable) (ranges from 1 to 5) 
weak stroke: the displacement where the push-button reaches its lowest force 
amplitude after collapsing (mm) (where applicable) (ranges from 2 to 8) 
stroke: the displacement where the push-button reaches its bottom stroke (mm) (ranges 
from 2 to 8) 
The slope of the curve that represents the bottom of the push-button is predefined at 2 
N/mm because of hardware limitations. The slider bars for every parameter do not have 
uniform scales but ranges between the values given for the parameters above. The 
auxiliary light module can be rotated around any axis but it can not be translated across 
the screen. The rest of what is displayed has fixed positions. 

7.6.1 Data 
Push-Button 1 2 3 4 5 Real 

Picks 0 5 0 3 2 - 

Collapse Force - 2,82 - 4,5 - 3,59 - 4 3,84 - 3,86 3,96 - 4,55 

Snap Ratio - 0,41 - 0,76 - 0,36 - 0,5 0,35 - 0,4 0,31 - 0,49 

Stroke - 2,82 - 3,38 - 2,86 - 5 2,61 - 2,69 1,96 - 2,07 

Table 2. A summary of the results from the testing of the tool. 
 
The results can be studied in detail in the tables in appendix D. Table 2 demands a few 
comments to be interpreted correctly. First, the interval for collapse force for button 2 
suffers from an odd value of 2.82. The interval without the odd value is 3.92 – 4.5. This 
collapse force value is tuned in by the same user that also set the snap ratio at 0.76 
which is also an odd value. Without this value the interval for snap ratio for button 2 is 
0.41 – 0.51. Another odd value is the stroke of 5 mm for button 4. The interval is 
reduced to 2.86 – 3.61 when not taking this value into account. Of course, these odd 
values cannot be said to be wrong. But the significant deviation from the rest of the 
values deserves to be commented on. It is interesting to note that, according to this test 
procedure, a lower value of the collapse force implies a higher value for the snap ratio. 
A conclusion that could be made from this is that the feedback lost in collapse force 
must be gained in snap ratio or vice versa. With this in mind another relevant table is 
table 3. 
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Push-Button Virtual Real 

# 10 5 

Collapse Force 3,59 - 4,50 (2,82) 3,96 - 4,55 

Snap Ratio 0,35 - 0,51 (0,76) 0,31 - 0,49 

Stroke 2,61 - 3,50 (5,00) 1,96 - 2,07 

Table 3.  Table 2, adjusted. 
 
This table shows results where the virtual control and the real control key parameters 
are very similar. The main deviation is between the real and virtual values for the 
stroke. A longer virtual stroke is a prerequisite for the forces to build up since there is a 
hardware limitation of 2 N/mm for force increase. The shorter stroke for the real push-
button also comes from one of its properties that could never be fully simulated in a 
virtual environment. This property is a pretension of the rubber dome. A pretension, in 
this case, means that the rubber dome is somewhat compressed in its starting position. 
The housing of the button does not allow it to fully decompress. Mathematically, this 
means that the derivate of the beginning of the force-displacement curve is practically 
infinite. A surface with infinite stiffness cannot be simulated with the kind of 
technology used in this project. Even though the technology suffers from such a 
shortcoming, this data verifies that the virtual environment has considerable life like 
push-button characteristics. 

7.6.2 Comments 
The general consensus in the test group was that this VE could be a useful solution 
when developing push-button feeling. However, comments show there is room for 
improvement. The most apparent flaw of the VE is interaction with the environment 
with a pen. Most test persons commented on this suggesting an alternative physical 
interface in shape of thimble or in some case a control panel dummy instead. Some test 
persons thought the forces were perceived higher when pushing with a pen instead of 
the finger. The data does not support this notion. Since the haptic device is not infinitely 
strong the physical bottom of the push-button is not clear enough, this was also 
commented on. But to make the bottom as stiff as possible the hardware was used to its 
limit which caused unwanted vibrations when pressing the buttons. This was also 
mentioned. Another problem is the poor cooling of the electrical motors, causing the 
haptic device to stop functioning when used continuously. The way the sound affects 
the feedback of a push-button became apparent when almost all of the test persons 
commented on the lack thereof in the VE. Otherwise the VE was judged reasonably 
pedagogical after getting a short introduction. 
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8 Discussion 
After completing my work with this Master Thesis it has come to my knowledge that 
Scania has documents concretely describing the Scania feeling. It is a desire from 
Scania’s side that this description should be developed further and also adapted to the 
development process concerning push-buttons. With the help of this thesis an 
improvement of specifying push-button properties should be possible to achieve. The 
source of this information is Fredrik Nordeman, my supervisor at Scania. Results such 
as these are sprung out of methods such as KE or other similar but home made methods. 
Although informative, these methods seldom generate data that can be immediately 
applied to the development process in practise. This thesis has taken a more practical 
approach and rendered results that deviate from the regular and diffuse verbal 
description of what a push-button should feel like. 

8.1 Conceptual Issues 

In 3.5 it is concluded that the perception of computer haptics quantitatively corresponds 
to perception of real haptics. This is a fundamental prerequisite for applying computer 
haptics to the area done in this thesis. The results from the practical evaluation of the 
technique also confirm this correspondence. These excellent results might come from 
another important feature of the technology used, collocation of visual and haptic object 
representation. In 3.4, the theory of cross modal object perception and recognition 
suggests that a spatially separated visual/haptic representation of an object reduces 
recognition performance. Although possible, no such tests have been done during the 
work with this thesis. 

8.2 What to Gain in Practise 

At Scania, it is mainly the feasibility study mentioned in 2.3 that benefits from the VE 
tool used in this project. Although having a concrete specification of what comes out of 
the feasibility study also provide for better conditions to make financial judgments. 
These two combined could give Scania a better foundation on which to make their 
decision about further investments. In the feasibility study an easy-to-use VE provide 
for better ways to utilize Scania’s resources. The VE gives the possibility either to look 
into a wider range of ideas and concepts for the same cost or to reach the same results as 
today but faster and cheaper. Since the VE can provide the user with easy-to-implement 
lifelike environments, concepts otherwise rejected long before the usual touch-and-see 
state can be examined in greater detail. The purpose of this would be to reject ideas on a 
more valid basis or to give creative solutions the possibility to evolve into realistic 
solutions. In practice, this would mean an improvement in performance. 
 
Introducing a VE in the current development process could mean that the final product 
or concept can be decided earlier and thus making the process faster. The decided 
solution can then be simulated and tested virtually to get a good idea of what “fact-and-
figure” demands mean in “real life”. Then it won’t be just experience that says that a 
certain kind of push-button shall have a peak force of 5 N. In some cases, experience 
might even prove wrong. In practice, this would mean a more efficient development 
process and more concrete demands on the future product. An example will show the 
importance of knowing what is demanded of a product before the actual decision of 
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introduction is made. 
 
A decision had been made on design and functionality of a cluster switch for the current 
truck series at Scania. The cluster switch would have four push-buttons for control of 
various functions. For push-buttons Scania decided to use external collapsing rubber 
domes because this is a relatively cheap technology but it might still give a good enough 
impression of quality. This solution was developed and validated for approximately a 
year. When the prototypes arrived, the design proved much to “cheap” and when 
higher press forces with a new design were asked for, it proved impossible. A new 
decision was made in favor of a more expensive and sturdy design and technology. This 
easy, a year and a lot of resources can be spent. 
 
A scenario with the previous example and a VE tool is easily built and analyzed. The 
VE tool could first of all simulate the behavior of the collapsing rubber dome both 
visually and haptically. That could very well have been enough to dismiss this solution 
in the first place. Equally important is that the VE tool could simulate the characteristic 
of the buttons haptically. This gives the user a possibility to find the desired feeling. 
Thus, he would know what to demand from the supplier already at first contact. No 
manufacturer who could not realize the demands would have to be involved. The 
resulting VE and the testing of it prove that it could very well be applied in this 
scenario. Nonetheless, tests in a real project are required to verify this. 

8.3 Future Work 

In the area of more advanced tools for trying out push-button feeling and finding a way 
to specify the feeling more scientifically this project was merely groundbreaking at 
Scania. It is a complex area of science to approach. To combine the desires of concrete, 
undisputable specifications which are possible to evaluate and validate with the 
subjective perception of control feeling is difficult work. It does not lay in human nature 
to be able to quantify the feeling of, for example, quality. Even the largest suppliers of 
vehicle controls and control panels in the world today cannot formalize the feeling of a 
control but lean upon years of experience. 
 
This project was conducted only as an evaluative project. The result show that the kind 
of environment used was appreciated by the test persons and the test data showed 
striking similarities between the feeling of the real and virtual push-buttons. This calls 
for further testing of this kind of tool, preferably in a real project. Such a project would 
of course give a clear answer to the only really relevant question of whether it is 
applicable in the development process or not. However, before putting the tool to a real 
test a few improvements would be beneficiary for the validity of the results. For 
example, what is commented on by the test persons such as the pen-grip, the unwanted 
vibrations, the weak bottom, overheating of the haptic device and the lack of sound are 
problems that should be taken into consideration before real testing. As discussed in 
chapter 3.4 and 3.6 it is not obvious that cross modal stimuli is beneficiary for operative 
speed or perception. One must remember that the test persons do not work with the VE 
unprejudiced. All of them have years of experience from vehicles with controls 
exclusively giving them both haptic and auditive feedback. In addition, the general 
comment is that sound is lacking, not that the feedback of the virtual button is less 
apparent. Five out of ten test persons says the virtual button gives better “event 
feedback” and only two of those that prefer the real button says they do so because of 
the sound. 
 
The VE can be improved in a number of ways. A lot of work could be made for the 
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visual experience of the VE with a lot more life like graphics. The VE could be made 
more pedagogical by choosing other user controlled parameters. The visualization of the 
push-buttons stroke could be altered to create a more stiff feeling for the bottom of the 
push-button. This is made by letting the visual push-button coming to a stop when the 
mathematical bottom is reached and not following the tip of the pen no matter to what 
depth it is depressed. Further it would be desirable to be able to test other controls than 
those having just one degree of freedom, i.e. only one dimensional translation. 
 
Another area of interest for this tool is visualizing, for example, air flows in an engine. 
This kind of data is often very complex and hard to interpret when presented in a table 
or a diagram. Understanding of such data would facilitate from visualization in 3D, as 
well as haptic representation, giving the user an opportunity to feel the air flows by 
following them with the haptic device. The user could even mill, for example, the air 
intake of the engine with the haptic device in real time and have the changing airflows 
visualized as this is done. 

8.3.1 Recommendation 
If and when testing this tool in a real project my recommendation is that the tool is used 
as a link between Scania and the supplier. The result from the evaluation of the VE 
shows that the characteristic tried out in the VE is highly reliable in corresponding to 
the real characteristic. This would provide for the possibility to try out the desired 
feeling locally at Scania and thus have a certain force-displacement curve 
implementation with certain parameters at hand. Then I propose that the supplier works 
with the same tool and therefore can implement the exact same force-displacement 
curve with the exact same parameters. The good correspondence between virtual and 
real feeling would then provide for the supplier to translate the feeling from the virtual 
environment to a real button. This way, no specification of control feeling is required 
and the possibility for misunderstandings to arise is reduced. 
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Appendix A 
Appendix A is a table containing the results from the logistic regression analysis. 

Results – Logistic Regression 

 

 A1 A2  B1 B2 B3  C1 C2  D1 D2  E1 E2 E3   All 
β0 (regr. coeff.) 7,77 263,52  94,37 - 70,12  242,32 23,60  121,64 27,07  44,96 49,96 -   1,37
β1 0,86 0,08  -3,36 5,30 1,54  -1,08 -3,41  -0,06 -6,31  1,93 -4,21 -3,83   0,20
β2 - 1,84  4,58 - -0,97  -3,63 -1,32  5,34 -9,03  -3,37 -5,39 -0,69   -
β3 4,09 -3,76  -7,28 0,02 -1,24  -5,05 -0,13  -7,40 -1,57  5,51 -4,04 0,07   0,19
β4 7,23 -8,81  0,12 0,49 2,28  -6,27 2,71  -2,72 2,75  -1,12 0,94 -0,64   -
β5 2,96 -6,65  2,06 2,33 1,48  -3,69 2,35  1,56 2,54  -0,63 0,92 0,73   -
β6 - -7,24  -2,43 1,25 -5,03  -5,01 0,95  -3,96 5,00  -0,60 3,94 7,85   0,12
β7 - -12,06  -9,53 - -6,91  -9,95 -3,14  -10,90 0,65  -7,30 2,24 -2,20   -
                    
t0 (t-ratio) 0,09 43,89  0,00 0,00 0,13  0,12 0,00  0,06 0,60  0,43 0,02 -0,37   0,15
t1 0,36 0,23  -0,01 0,03 0,11  -0,02 -0,01  0,00 -5,76  0,26 -0,03 -2,24   0,38
t2 - 1,52  0,00 - -0,05  -0,02 0,00  0,04 -7,30  -0,78 -0,05 -1,06   -
t3 1,59 -11,18  -0,01 0,00 -0,13  -0,06 0,00  -0,03 -1,70  0,72 -0,03 0,04   0,50
t4 2,33 -21,34  0,00 0,00 0,06  -0,05 0,01  -0,03 11,18  -0,75 0,01 -0,88   -
t5 1,07 -15,57  0,00 0,01 0,10  -0,02 0,00  0,01 0,61  -0,25 0,01 0,61   -
t6 - -15,84  0,00 0,00 -0,23  -0,05 0,00  -0,04 2,03  -0,21 0,09 8,87   0,27
t7 - -10,15  -0,01 0,00 -0,18  -0,11 -0,01  -0,05 0,42  -1,94 0,02 -3,18   -
                    
u0 (test value (|tx|)) 0,09 43,89  0,00 0,00 0,13  0,12 0,00  0,06 0,60  0,43 0,02 0,37   0,15
u1 0,36 0,23  0,01 0,03 0,11  0,02 0,01  0,00 5,76  0,26 0,03 2,24   0,38
u2 0,22 1,52  0,00 0,01 0,05  0,02 0,00  0,04 7,30  0,78 0,05 1,06   0,15
u3 1,59 11,18  0,01 0,00 0,13  0,06 0,00  0,03 1,70  0,72 0,03 0,04   0,50
u4 2,33 21,34  0,00 0,00 0,06  0,05 0,01  0,03 11,18  0,75 0,01 0,88   0,24
u5 1,07 15,57  0,00 0,01 0,10  0,02 0,00  0,01 0,61  0,25 0,01 0,61   0,10
u6 1,34 15,84  0,00 0,00 0,23  0,05 0,00  0,04 2,03  0,21 0,09 8,87   0,27
u7 3,85 10,15  0,01 0,00 0,18  0,11 0,01  0,05 0,42  1,94 0,02 3,18   1,62
                    
dfe 17 16  15 14 13  13 17  13 13  12 15 14   4 
F(0.95) 1,74 1,75  1,75 1,76 1,77  1,77 1,74  1,77 1,77  1,78 1,75 1,76   2,13
                    
Explanatory, 10%-level                    
0 = no, 1 = yes                 Sum   
β1 0 0  0 0 0  0 0  0 1  0 0 1 2  0
β2 0 0  0 0 0  0 0  0 1  0 0 0 1  0
β3 0 1  0 0 0  0 0  0 0  0 0 0 1  0
β4 1 1  0 0 0  0 0  0 1  0 0 0 3  0
β5 0 1  0 0 0  0 0  0 0  0 0 0 1  0
β6 0 1  0 0 0  0 0  0 1  0 0 1 3  0
β7 1 1  0 0 0  0 0  0 0  1 0 1 4  0
                 15   
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Appendix B 
Appendix B contains the questionnaire and the agenda presented to the Scania suppliers 
contacted during the work with this thesis. 

Questions 

The following text and questions consider the process of development and ordering of 
push-buttons built with rubber domes. 
 
In a sense I'm working with making the development process of push-buttons inside the 
truck cabin more efficient. The ideal result of my work would be a simulation 
environment where one could simulate the visual (3D), haptic, tactile and auditive 
characteristics, combined, of push-buttons and other devices of any kind in the truck 
cabin interior. The objective with such an environment would be to develop the desired 
feeling of a push-button locally at Scania and then order the device with data/parameters 
acquired in the simulation. This would hopefully make the process of developing 
control devices more efficient. What led me to the following questions is another 
question: what output data do I need from my simulation environment? That might be 
of some help (?). 
 
 
Are there ways today, such as when getting the feeling of push-buttons specified from 
customers, in which you prefer to work (force-displacement-diagrams or other)? 
 
How would you as a supplier of rubber dome keypads like to have orders technically 
specified (ideally)? 
 
For a specification to be of any use to you, how close to the ideal case does it have to 
be? What kind of specification is of any use to you? 
 
Which parameters are possible to control, i.e. which parameters can be modified in 
order to give certain impressions of a push-button? Can one modify for example, sound, 
stability, travel length and forces, and to what extent? Others? 
 
If specified with these parameters, with what resolution, i.e. how exactly, is it possible 
to produce according to specification? 
 
If one alters a certain characteristic are there risks of causing other characteristics to 
change? 
 
How are characteristics of control devices affected over time? Are any characteristics 
affected earlier if tougher demands are required in other characteristics? 
 
Other comments? 
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Agenda 

The following text and questions consider the process of development and ordering of 
switches, levers, push-buttons and rotary knobs (this group of four will also be referred 
to as "controls"). 
A "specification", when used in the context below, signifies the description 
(specification) of the feeling of the control wanted by Scania. These specifications do 
not concern specifying the construction of the housing of the switch. 
 
The iterative process of developing the feeling of controls at Scania is slow and 
expensive enough to run a project investigating the possibilities of making the process 
less so. 
 
Thus, the objective with my Master Thesis is to find a way to make the development 
process of controls more efficient. What I am looking into is if this can be achieved by 
being able to simulate controls visually, audibly, tactilely and haptically. The 
characteristics of the simulated control shall be programmable. The simulation shall 
render output data (e.g. through force-displacement mapping) which itself or through a 
translation to other parameters can be used to specify an order to a supplier of controls. 
The characteristics of the real and the simulated control shall have a certain degree of 
resemblance. Setting up a simulation environment is the easy part. The question of 
which information a supplier wants is the hard part. The answer to this question sets the 
terms for what data would be desired from the simulation environment, of course. 
 
My conclusion (so far) is that no supplier work with any technical specification 
containing more information than that of force-displacement, at the most. This has 
forced me to broaden my perspective to try and find other solutions to the issue of 
a slow and expensive development processes. 
 
This project could create a way for customers to get exactly (or close to) what they want 
even without any prior cooperation as a reference for the control of current interest. 
This would make it possible for any supplier of controls to attract customers otherwise 
forced into cooperation with other suppliers because these are the only one’s who 
“speak their language”. It would also mean that one, as a supplier, wouldn’t need to 
dedicate as much administration and development resources to each customer and thus 
possibilities to make smaller series’ profitable. 
 
Topics of discussion: 

 Current ways of specifying the feeling of controls. Any preference? Examples. 
 Current issues when specifying the feeling of controls, when working with both 

new and old customers. 
 Other issues when specifying functionality of controls. (Not “feeling-related”.) 
 What do customers do worst when specifying? 
 Possible ways of manipulating the feeling of controls. 
 Possible ways of specifying the feeling of controls. 
 The ideal specification. 
 Non-specification-related solutions. 
 How does the housing of a switch affect the force displacement characteristics? 

(added) 
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Appendix C 
The following code is cut out from the C++ code. It is the code unique to this 
application. 

Code – Force-Displacement Curves 

virtual mgFloat spring( mgFloat force, mgFloat c_depth ) 
 
{ 

mgFloat spring = force; 
c_depth = c_transform->scale->get().z*1000*c_depth; 

 
 if (*c_curve == 1) 
 { 
  ///////////////// flat shape without snap ///////////////// 
  if (c_depth < *c_stroke) 

{ 
spring = *c_k1*c_depth; 

} 
  else 

{ 
spring = 2*c_depth - *c_stroke*(2-*c_k1); 

} 
 } 
 
 else if (*c_curve == 2) 
 { 
  //////// cone shape with snap, med rundade toppar /////// 
  if (c_depth < *c_collapseStroke - 0.5)  

{ 
   spring = *c_k1*c_depth; 
  } 
  else if (c_depth < *c_collapseStroke + 0.5) 

{ 
spring = *c_k1**c_collapseStroke - 0.5 - 2*(c_depth - 
*c_collapseStroke)*(c_depth - *c_collapseStroke); 

  } 
  else if (c_depth < *c_stroke - 0.5) 

{ 
   spring = *c_collapseStroke*(*c_k1 - *c_k2) + *c_k2*c_depth; 
  } 
  else if (c_depth < *c_stroke + 0.5) 

{ 
   spring = *c_collapseStroke*(*c_k1 - *c_k2) + *c_stroke**c_k2 + 0.5 
   + 2*(c_depth - *c_stroke)*(c_depth - *c_stroke); 
  } 
  else 

{ 
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spring = *c_collapseStroke*(*c_k1 - *c_k2) - *c_stroke*4 + 
2*c_depth; 

  } 
 } 
 
 else if (*c_curve == 3) 
 { 
  /////////////// bell shape without high snap ////////////// 
  if (c_depth < *c_collapseStroke) 

{ 
   spring = *c_k1*c_depth; 
  } 
  else if (c_depth < *c_stroke) 

{ 
   spring = *c_k1**c_collapseStroke; 
  } 
  else 

{ 
   spring = 2*(c_depth - *c_stroke) + *c_k1**c_collapseStroke; 
  } 
 } 
 
 else if (*c_curve == 4) 
 { 
  /////// cone shape with additional stroke and snap //////// 
  if (c_depth < *c_collapseStroke) 

{ 
   spring = *c_k1*c_depth; 
  } 
  else if (c_depth < *c_weakStroke) 

{ 
spring = *c_k1**c_collapseStroke + *c_k2*(c_depth - 
*c_collapseStroke); 

  } 
  else if (c_depth < *c_stroke) 

{ 
spring = *c_k1**c_collapseStroke + *c_k2*(*c_weakStroke - 
*c_collapseStroke) + *c_k3*(c_depth - *c_weakStroke); 

  } 
  else 

{ 
spring = *c_k1**c_collapseStroke + *c_k2*(*c_weakStroke - 
*c_collapseStroke) + *c_k3*(*c_stroke - *c_weakStroke) + 
2*(c_depth - *c_stroke); 

  } 
 } 
 
 else if (*c_curve == 5) 
 { 
  ////////////////// cone shape with snap /////////////////// 
  if (c_depth < *c_collapseStroke) 

{ 
   spring = *c_k1*c_depth; 
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  } 
  else if (c_depth < *c_stroke) 

{ 
spring = *c_k1**c_collapseStroke + *c_k2*(c_depth - 
*c_collapseStroke); 

  } 
  else 

{ 
spring = *c_k1**c_collapseStroke + *c_k2*(*c_stroke - 
*c_collapseStroke) + 2*(c_depth - *c_stroke); 

  } 
 } 

return  spring; 
}
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Appendix D 
The following tables are the documentation from the evaluation of the virtual environment. 

Virtual Environment Evaluation – Data

# B k1 k2 k3 CS WS S Inclination? Collapse Force? Return Force? Collapse Stroke? Stroke? 

1 2 2 -2 - 2 - 3 slightly upwards slightly higher in the 

simulation 

higher in simulation collapse comes later in 

simulation 

longer stroke in 

simulation 

2 2 1.50 -1.87 - 1.88 - 3.02 slightly upwards ok ok ok ok 

3 2 2 -2 - 1.96 - 2.82 - slightly higher in the 

simulation 

slightly higher in 

simulation 

ok a little longer in 

simulation 

4 2 2 -1.96 - 2.22 - 3.38 slightly upwards slightly lower in the 

simulation 

quite similar collapse comes a little later 

in simulation 

a little longer in 

simulation 

5 2 2 -2 - 2.25 - 3.17 - collapse not as obvious in 

the simulation, real button 

more distinct 

higher in simulation - weak bottom, 

stroke a bit long 

6 4 2 -2 0.5 1.88 2.82 3.5 - perhaps a bit harder in the 

simulation, different when 

pressing with finger/pen 

to high in simulation quite similar quite similar 

7 4 2 -1.6 0.5 2 3 5 slightly downwards ok slightly higher in  

simulation 

collapse comes later in 

simulation 

decent similarity 

8 4 1.91 -1.57 0 1.88 2.71 2.86 - slightly higher in the 

simulation 

higher in  

simulation 

very good ok, little longer in 

simulation 

9 5 2 -2 - 1.92 - 2.69 slightly upwards ok ok ok ok 

10 5 2 -2 - 1.93 - 2.61 slightly downwards slightly higher in the 

simulation 

ok ok ok 
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Virtual Environment Evaluation – Comments 

# Interface? Most apparent ”event 

feedback”? 

The Reachin Setup? The test environment? Other? 

1 pen interface is decent, can be 

associated with real feeling, the 

button feels a bit weaker with thumb 

instead of pen 

if vibrations is set aside the 

simulator is better 

ok more discrete colors! tune 

curve immediatley instead of 

variables, lacks sound 

a bit soft, pen vibrates, ”bounce sound” not 

good 

2 thimble would be better, button-

dummy would be ideal 

simulator is better, perhaps 

because of higher return 

force 

overheating and weight 

of device could be 

problems 

no need for surrounding 

environment if only test feeling, 

not tune parameters on ones 

own 

- 

3 pen interface is decent, as long as 

one dimensional movement 

a little bit better in 

simulator (a bit harder) 

overheating is a problem reasonably pedagogical lacks sound to accentuate point of contact 

4 the button is probably perceived 

harder with pen than with thumb 

real button gives better 

feedback (clearer), 

although simulator feels 

better 

Good Would like surrounding 

environments, values on 

parameter scales, interconnect 

parameters, explain “k:s” 

could be applicable in development to find the 

right feeling, sound might missleadingly make 

return force for real button appear higher, draw 

curve instead of adjusting parameters, can be 

used for tactile testing as well, could collect 

attractive features of buttons/surfaces and 

combine in conceptual studies 

5 pen interface not so great, push with 

tongue… 

real button is better overheats when used 

continuously 

- lacks sound, pen vibrates 

6 pen interface is bad, pushing with 

back end rubber of real pen is a 

better comparison 

simulator overheats, a bit weak, 

otherwise ok 

more apparent connection 

slider-bars/values, ”bottom” 

should have the same 

representation for all buttons 

lacks sound, might appear harder because of 

sound, sound gives better feedback, higher 

force and more stroke in simulator than real 

button 
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7 button feels ”clearer” when pushing 

with finger, button feels weaker with 

pen, feels surrounding parts with 

finger = extra feedback, could get an 

idea of what real button will feel like 

however, demands experience, 

should try different push devices 

real button feels clearer different feeling 

depending on which 

angle the object is 

pushed at 

good, poor intuitive connection 

between parameters and curves 

lacks clear bottom, lacks sound, the simulator 

sounds softer than real button 

8 pen interface is bad, thimble would 

be better 

simulator, good with longer 

stroke after collapse 

good, should be useful - - 

9 better with finger, one feels the 

material, pen makes forces appear 

higher 

real button, because of 

sound 

overheating, lacks 

”bottom”, pen a bit 

heavy 

introduction is needed applicable in development, thimble would be 

better, lacks sound 

10 thimble would provide a more fair 

sense of press push force 

real button more apparent 

(perhaps because of 

sound) 

overheating is aproblem not intuitive enough to use 

immediately on ones own 

button 2 not distinct enough, real button 

should be placed in a panel, there should be 

better environment for module, remember to 

press with the hand the button will be pressed 

with in truck 
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