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ABSTRACT
We report on a detailed software and hardware architecture
for a force feedback slider (FFS). To build applications in-
corporating a FFS, we offer developers a simple Application
Programming Interface (API). In our realization, all time crit-
ical operations are implemented in hardware. An important
goal of our work was to realize a generic and inexpensive
FFS suitable for a wide range of applications. Such applica-
tions may serve as a complement to traditional graphical user
interfaces (GUIs). One such application is presented, where
the mechanics of a physical model is controlled and sensed
through a FFS. Future challenges are partly related to perfor-
mance issues, partly to the construction of user effective and
inexpensive applications of FFS.

Introduction
Most computers require touch-based input combined with vi-
sual feedback. Optimal employment of visually presented in-
formation is a nontrivial task which gets harder with increas-
ing system complexity. Considerable research effort has been
invested into 3D information visualization. Even data with
more than three dimensions may be reduced and presented in
3D. However, in models with a multitude of equally impor-
tant factors, for instance from economics or biology, reduc-
tion to 3D will mostly loose out on complexity and system
dynamics. This is one reasons that a combination of touch-
based input with tactile or force feedback output has been of-
fered much attention recently [1] [2] [3] [4] [8] [9] [10] [11]
[12] [13] [14] [15] [16] [17] [18] . Another reason is that
the human hand can carry out complex tasks such as sensing
and control with high performance and precision. The work
presented in this paper one approach towards a generic archi-
tecture for the use of a force feedback slider (FFS). The work
relies on hardware and software implementation and offers a
simple Application Programming Interface (API) to enable
integrated FFS applications.

We have recognized that experts calibrating complex filters
for RF applications perform their job effectively and fast.
This motivated us to see the data manipulated in such tasks
as coordinates of an appropriate vector space. With multi-
ple sliders, we may offer such experts to work more directly
with the multidimensional vector spaces. Additionally, grid
level in these vector spaces may be sensed more directly, for
instance through the use of senses slots.

The most things we do in real life is connected to a feedback.
It could be visual, audible or haptic. If we touch a door knob,
we know what we have to do without to see what we do. That

is an advantage we are not often using in computer work.
Everything is going over the visual channel. So the visiual
channel is overloaded, that could entail that the user do not
recognize important information. But if you could use a force
feedback device for what you are doing, the work will be
safer, faster and more efficient.

To test this we developed a prototype. In the next chapters we
describe the hard and software and give results of our work.

This paper first describes our model of the Force Feedback
Slider , followed by a section on System design, a section
results and discussion and future prospects.

Figure 1: Force Feedback Slider , [7]

Model of a Force Feedback Slider
The control logic for a Force Feedback Slider has realtime
requirements and thus it is especially important to have a
carefully designed model. The API is expected to be on a
high abstraction level for straight forward implementations.



A system is required to translate this commands to the hard-
ware in realtime.

This section describes the operating modes, hardware and the
transfer functions in slider driver.

Operating Modes
The following operating modes of a Force Feedback Slider ,
first suggested in [5], are:

Position The fader is used only as input device, the motor is
switched off. The user can move the fader as he likes.

Elasticity A default position and maximal force is set. The
user has to surmount a force. If he releases the handle, it
goes back to the default position.

Friction A default position and maximal force is set. The
user has to surmount a force. But if he releases the handle
it stays in that position.

Gradual A number of discrete steps is set and the handle
catches them.

Texture A high frequency - low intensity vibration is super-
imposed to the handle. This should give users an impres-
sion of a surface.

Oscillation Emulation arbitrary movement.

These operating modes are an abstract description of the ca-
pabilities of a Force Feedback Slider . As this is an abstract
description they serve as an API.

Hardware
We use a standard (ALPS) motorized slider where we can
just apply a force and detect the actual position of the handle.
Most important task is to get the non-linear behavior of the
motor and the friction under control.

Position and force is a minimal but complete interface to the
Force Feedback Slider . e.g. you could perform any opera-
tion the hardware is capable of.

Transfer functions in Slider Driver
The slider is driven by two inputs, these are position and
force. The resulting output are position and force too. De-
pending on the operating mode, which will be applied, the
configuration of inputs and outputs are different. As it is
mention above, e.g. in the mode Position the output is only
dependable on which position is adjusted on the slider. The
force is set to zero.

With two inputs and two outputs, there are theoretical 16 pos-
sible configurations. But it has shown that three configura-
tions are enough, because of logical and practical reasons.
The three transformation are the following:

• output position1 to input position2

• output position to input position and input force

1the actual position of the slider or/and the preset default position from
the system

2the new position value for the slider

• output position and output force to input position and input
force

So it is possible to describe two orthogonal dimensions with
one slider. (position and force) By using more then one
slider, the number of dimension can be increased. The first
dimension (position) is the linear movement of the slider and
it is easy to see. The second dimension (force) can only be
detected over the haptic channel of the finger. There is a sim-
ple limitation of increasing of the dimensions. Without train-
ing it is impossible to feel more then one or maybe two force
fields. But with three or four dimension, which must not be
detected over the visual channel, that could be an enormous
simplification.

To build an application with the slider, we defined a set of
functions, which allows us to implement all operating modes
discussed above.

For this purpose we developed a data flow graph. On the left
hand side in Figure 2 are the in and outputs of the application
to the computer. On the other side respectively are the in
and output to the Force Feedback Slider . Each mode uses
a different set of functions (we call these transfer functions)
and multiplexer settings. Transfer functions are:

Function f1() is used to map the current position of the
slider to a specific force. Every finite function is allowed.

Function f2() takes the deviation of the current position and
the application’s default position. This deviation is mapped
to a definite force. Every force-field are allowed as long as
the field is finite.

Function f3() allows to take the current position and map it
to a new default position.

Table 1 lists the multiplexer settings and functions for ev-
ery operating mode. Where P denotes a parameter and× is
don’t care. With this model, we have a solid basis for further
development.

Design of the System
Since the Force Feedback Slider has a high complexity, we
decided to build the prototype in steps. Figure 3 presents the
model with lower abstraction levels at the bottom, higher at
the top. Each layer has a defined interface to the other. So
it is possible to design each layer for itself. We decided to
do the down up approach. We built the hardware [5] for the
slider with a P-Regulator. (see section )

This section describes first the Physical Model, followed by
the Layered Design, P-Regulator, Slider Driver and the API.

Damped-Mass-Spring
A Force Feedback Slider consists of a knob where the user
can interact and feel the force. This knob is connected to
a position sensor and a motor. There is also bearing which
limits the degree of freedom to one. (only movement in one
direction is allowed)
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Figure 2: Data flow

Mode def pos maxforce possel forcesel f1() f2() f3()
Position P 0 0 0 × × ×

Elasticity P P 0 0 × × ×

Elasticity P × 0 1 P 0 ×

Elasticity P × 0 1 0 P ×

Friction init 0 2 0 × × ×

Friction init × 2 1 P 0 ×

Gradual P × 1 1 0 P P

Table 1: Control flow



We can describe such a system with a damped-mass-spring
model using Newtons law:

mẍ = Fuser + Fmotor + Ffriction (1)

for this equation we have to define two start values:

x = 0; (2)

ẋ = 0; (3)

For the motor we use a simple model where the force is pro-
portional the the input current.

Fmotor = α(x − xref ) (4)

(x − xref ) ∼ i (5)

wherexref is the reference position andx the actual position.
The parameterα depends on the present hardware and indi-
cates in a physical meaning the spring constant. The impor-
tant relation is, that the deflection(x − xref ) is proportional
to the currenti of the motor.

Putting these equations together we get:

mẍ = Fuser + α(x − xref ) + Ffriction (6)

x = 0 (7)

ẋ = 0 (8)

For the regulator we choose a P-regulator.

Fmotor = α(x − xref ) ∼ αi (9)

Using Laplace-Transformation we get

X =
Fuser + Ffriction − αXref

ms2 − α
(10)

This is BIBO stable forα ≤ 0.

Simplifications
So fare we have a equation for our Force Feedback Slider
with two unknown variables,Fuser andm. To solve this we
have to distinguish two cases:

a) The slider is not touched by the user. This impliesm =
mslider andFuser = 0.

b) The user moves the slider. This impliesFuser + α(x −

xref ) + Ffriction = 0

There is a certain limit of the force, the motor can apply. This
has to be chosen relatively low to prevent injury. We also
want to adjust this limit during operation. When this limit is
reached, the slider is completely controlled by the user.

Layered Design
The layered model, which we designed, allows us to do the
project step wise. Our idea is, that the slider should work on
every operating system and with every specific application,
which is designed for the slider. For this reason we defined
an accurate interface (API). This API allows to write a ap-
plication for the Force-Feedback Slider without any knowl-
edge, how the slider works in the lower layers. So we get a
good abstraction to the low level functions. To get the full
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Figure 3: System Model

portability we use the programming language JAVA(TM) .
This programming language allows software to run under a
wide range of operating systems. Portability in respect to
hardware is achieved through a Audio-Class-USB interface.
We use fast AD/DA converters to have high bandwidth for
fast update of the system. Most operating system supports
Audio-Class-USB and there are device drivers available for
each OS. JAVA(TM) supports this too.

P-Regulator
As we mention above we use in the lowest layer a P-Regulator
to control the Force Feedback Slider . The slider have to re-
act very fast to a users interaction. It works as follows: The
P-Regulator takes the default position and the current posi-
tion of the handle and computes the differencee(t). This
value is multiplied by a constant parameterα. The output
is u(t) = αe(t) and the corresponding transfer function is
H(s) = α. Our Prototype showed that a P-Regulator is
enough to control the slider as speed is more important than
absolute precision. Although the P-Regulator is not able to
eliminate the error signal:

e(∞) c sE(0) = lim
s→0

s
1

1 + H(s)

1

s
=

1

1 + α
(11)

But the friction of the slider is big enough to use this kind of
regulator. The parameterα depends on the current system.



Slider Driver
Slider Driver is the control device of the Force Feedback
Slider. This device processed the output of the slider and
sends the new values fast back. This processes have to be
done quickly, because when a buffer underrun causes a in-
stable behavior of the slider. We implemented that layer in
software. It has shown that the software implementation is
working well and stable for slow movements. It will be re-
quired that this layer is implemented in hardware. Thus we
design for this layer a specific dataflow and datagraph model.
(see figure 2) It allows us to verify the behavior analytically
of the slider and to see also how this layer have to be imple-
mented in hardware.

API
We represent a Force Feedback Slider with two objects: FFS-
lider and FFFunction. The first represent the hardware itself.
The later represents an operating mode.

In FFSlider we implemented the following functions:

• configure the communication options
• initialize and start the hardware
• choose the operating mode
• set force and position, where applicable
• read the actual force and position of the Force Feedback

Slider

FFFunction is a superclass holding all relevant information
of a operating mode. This includes:

• values of LUT’s
• multiplexer settings

To implement a specific operating mode FFFunction is inher-
ited and the values of the LUT’s and multiplexer settings are
changed. All proposed operating mods are implemented, but
one can easily create new ones.

Results
To get an detailed understanding of our ideas we imple-
mented the system in hardware. All precessing is done in
JAVA. This gives us the possibility to implement the system
without developing complex hardware. As the interface to
the slider hardware, a commercially available AD/DA con-
verter is used.

Drawback of this approach is the limitation of realtime per-
formance of JAVA(TM) . Although we used that system to
verify the correctness and to define the exact requirements
of the hardware which is needed for the implementation. It
is a significant cost reduction to use the simplest hardware
as possible. Every parameter you don’t know before hard-
ware development could significantly increases complexity
and increases the risk of bugs.

Performance issues
A main goal is to provide a easy-to-use robust and affordable
Force Feedback Slider . In other words, the system should
work with a wide range of operating systems and should not
require much resources.

Position resolution The accuracy is not so important as the
latency characteristics. Due to the fabrication accuracy you
will have variation of position around0.5mm. So we applied

to the slider a resolution of0.31mm which corresponds to
256 digital steps in the software.

Latency characteristics The timing constraints are very high.
Not only the haptic of an human being is five times faster
then the visual detection but also the whole system should be
a real time application. Thus, the latency between two values
have to be less then 10ms. That means, that a current value
has to be sent to the Slider Driver, process and sent back for
a feedback to the Slider in less then 10ms. Which we did not
reached with our configuration. Because to many operation
are based on the operation system and their task scheduler,
which the Slider is connected to. A potential solution, we
will describe below. (see section ) As well that the most peo-
ple are familiar with handle a mouse, so the eye-hand coor-
dination are very good. So it is easy to handle the Slider and
every delay of the feedback will be recognize.

Implementation with a Microcontroller
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Figure 4: Hardware Blockdiagram

For the realization of every operation mode is a set of func-
tions necessary, defined in Figure 2. We implemented these
in software running on the host computer. This has the dis-
advantage that we need to run the software with realtime pri-
ority. More seriously the latency of common hardware inter-
face installed in PC-systems is too high.

A implementation in hardware is the preferred way. On
cheap microcontroller RAM is a limited resource. So we
use the fact that the system is maximal two dimensional3.
The calculation will be done in advance and the results will
be loaded in two LUT’s (Look Up Tables). So it is possi-
ble to implement every combination of this function in only
two LUT’s. This is a great performance gain. The mapping
from outputs to inputs could be done very fast in a simple
microcontroller.

Application
Physical properties are often visualized with animations.A
user has limited means to interact with the system. This is

3by using one slider



Figure 5: Demo Application

no problem if a system is only time dependent. But mostly
this is not true as due to the principle of cause and effect.
Interaction with software sliders and buttons is not optimal.

The interaction with a Force Feedback Slider lets a user cre-
ate a mental model. This improves learning. Especially in
learning environments it is extremely important to investi-
gate what a user expects from a device. Many realizations
have not been accepted for this reason.

We choose this application to enable users to think at a higher
abstraction level than of just a pure physical model. The im-
age of the slingshot should help the user creating a mental
model to understand the physical laws.

We tested the system with a small number of people. They
were instructed to do the following task: You have a sling-
shot and the task is to hit the castle. All users took the force-
feedback slider and tried to move the handle. At the begin-
ning they applied a low force, but increased force afterward.
After a few trials, users tried to figure out the purpose of the
message boxes and sliders on the left. We observe that the in-
hibition threshold is lower than with conventional interaction
forms.

Discussion and Future prospects

Improve the slider

As it is mention above, the development of generic hardware
will bring a great performance gain. Later it will be possi-
ble to have more then one slider, because of the two dimen-
sional behavior of one slider. By using more then one slider,
a more dimensional coordinate system could split into or-
thogonal vectors, which could be simulated by a slider. So
a bus, a protocol, an event handler and of course a control
device have to be developed to merge more then one slider
together.

An other possibility to give one slider more degree of free-
dom will be the improvement of the knob on the slider. For
example the knob itself could give some information to the
user by changing the temperature or it will start vibrating.An
other improving of the knob could be the current state. For
example the knob could be able to tilt in different directions.
(left, right, forwards, backwards) As well the knob could fea-
ture different roughness on its surface like braille. But ifthe
system still user-friendly, that has to be checked.

Applications
A possible application will be a cockpit in a factory. The
supervisor can change every data and function for which area
he is responsible for. He can switch his view with a universal
usable touchscreen for example like a sound mixer board.
The sliders will adapt the function which the supervisor has
chosen on the touchscreen. Will he open a valve, he will get
this function over the screen. When he push the knob of the
slider now, he will feel a scaled force on it. This force can
be proportional to the resistance by opening the valve or to
the current pressure in the pipe. So he has a direct haptic
feedback of what is happen there at the valve. Other possible
applications:

Experimental learning (e.g. economic system

An economic system is very complex and it is difficult to
understand all the different dependencies. There exists a
lot of models describing such systems. You can learn these
systems by reading a book, but it is difficult to create a
mental model for this things by yourown. There it will be
easier, if you can use your finger for example to increase
the interest. If you push the interest knob, the slider can
give you a feedback how high the interest are and during
this the other slider (e.g. taxes, cost) move to the position
which are given from the economic system. Or one slider
simulates years in the system. Thus the slider can emulate
discrete steps (years) with the mode Gradual.

So you can see and feel the change you are have done.

Coordinate transformations There are a lots of different
color systems. E.g. The first three sliders are configured
in RGB and the others in CMYK. Every change of a value
(pushing a slider) will transform the change in the others
coordinates.

Steering a machine (e.g. a crane) Every mechanical feed-
back, which is lost because of the substitution with electri-
cal and electronical device, could be recovered and apply
to the present handles. If the operator will lift a load, he
can feel, how heavy the load is.
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