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ABSTRACT
This paper examines the use of motorized physical sliders with
position and force as input and output parameters for tangible
computer interaction. We have designed a device with the purpose
of controlling, in real time, a motor which is integrated into a
slider system with accuracy and latency values sufficient for
productive interaction. This was accomplished with a
microcontroller that handles the I2C protocol for communication
with a master device that centralizes the sliders’ information. The
system is modular, using the configuration of one mainboard and
I2C protocol to communicate with the sliders. The mainboard
interacts with the computer through a USB connection. The
mainboard also controls the sliders, each sitting on a slider board.
This paper also presents the designs and realizations of the
mainboard and slider board hardware components. Finally, the
paper envisions future applications of force feedback sliders such
as mapping of GUI sliders onto physical sliders, polling of user
impressions based on non-verbal selections cues, and remote
controls with haptic feedback.

may give users an added feeling of interaction with a real system.
This insight has been utilized in various fields such as tele-surgery
[12][6], digital media, and space station maintenance. Aiming to
explore a wider use of force feedback, we carried out a project
called Force Feedback Slider (FFS) 1 in which motorized physical
sliders are used to interact with users, utilizing position and force
as the main factors to achieve dynamic control (Figure 1). At the
same time, we read these values from the device to record the
user’s reaction.

Figure 1. Motorized slider (left) and mock-up box of multi-slider
interactive device (right).
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INTRODUCTION

Human beings base their relationship with their environment
primarily on visual sensing. When interacting with computers we
often overload this sense, it being the main channel for feedback.
To reduce the task load on the visual sense, we seek to utilize
alternative perceptual channels; here, the sense of touch. We only
seldom use this sense when interacting with computers despite its
capability of fast operation [1].
While direct 3D interaction/manipulation has been widely
explored, the directness of haptic interfaces has not, even though
it may be justified at several levels [14]. Indeed, several research
projects [7][9] have examined and proved the benefit of touch
sensing in human-computer interaction. The use of force feedback
juliojj14@hotmail.com
nimli@dtek.chalmers.se
martin@schrittenloher.de
morten@fjeld.ch

Figure 2. The FFS is intended to bring real and virtual environments
closer, thereby bridging the left and right part of the Milgram
continuum [10].

The first versions of the system were based on an analog
control of the motor [1][7] and some applications were developed
to test the device, such as an educational physics application
simulating a catapult [7] and a real-time music-editing system
called FeelTheBeat [1]. Our current goal is to digitalize the device
and turn it into a more versatile and configurable platform. This
may enable the design of a variety of single and multi-slider
applications (Figure 1).
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RELATED WORK

USB/MIDI state-of-the-art user interfaces for music editing like
the Behringer B-Control Fader BCF2000 [17] and the Mackie
Control [19] already offer touch-sensitive motorized sliders.
However, the driving force in such sliders cannot be controlled
1

The project web site offers video documentation and previous
papers from the FFS project:
http://www.t2i.se/projects/ff.php

since they are based on speed control. This type of control
employs a constant current, giving a constant torque. While such
control is sufficient for audio editing, we aim for a more generic
interface where force serves as feedback in user-system
interaction. Hence, the novelty of the presented FFS lies in its
capacity to control the driving force while at the same time
measuring the force applied by the user. While the system we
design offers most standard features of actuated sliders, we also
plan to support applications where force serves as an input-output
medium (Table 1). A goal of this project is to offer a versatile
platform to map GUI slider onto a set of FFSs and thereby to
achieve a higher degree of mixed reality interaction [10].
Table 1. Position-Force matrix plotting two state-of-the-art user
interfaces for music editing in relation to the FFS according to their
input and output capacities.
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DIGITAL FORCE FEEDBACK SLIDER

The goal of digitalizing the system is to address a set of critical
issues in the analogue version while preserving the system’s
advantages. The first issue was the high latency, which caused
users to experience the force change as discrete and not
continuous. The second issue was the system's instability in
controlling the motor, which caused non-optimal movement
patterns. These two issues were particularly difficult to address at
the same time. The third issue was an over-dependency on
operating system configurations and settings. Also, the motor
control function in the analog system [7] was hardware based, and
therefore difficult to modify.
Based on previous experience with the analog FFS [13] and
on the project’s goals, we formulated a set of use requirements for
the digital FFS platform:
i)

low latency

ii)

high stability

iii)

easy access to update motor control function

iv)

platform independency

v)

extendibility to a maximum of 16 sliders mounted into
a compact box

vi)

programmable via a standardized API

vii)

remote haptic collaboration enabled

The digital solution is still under construction and the tests
conducted so far have yielded promising functionality and
reduced delay times. The following sections will discuss the
design of digital hardware realization, as we aim to fulfill all
seven use requirements.

3.1
Hardware of the digital platform
The purpose of the system is to control multiple motorized sliders
and obtain feedback measurements of position and force. To
create a modular system, we split the platform up into two types
of boards: one to regulate the motor (called a slider board) and
another one to coordinate the slider boards and communicate with
the computer (called the mainboard). In this way, the sliders
operate independently and the bus is used to read the force or
position of each slider and to send Look-Up Tables (LUT) to the
microcontroller in the slider board. One microcontroller
commands the mainboard and each slider board is then
commanded by its own microcontroller. For this project, we chose
to use the Atmega-8 microcontroller with a 16 MHz crystal. The
RISC architecture of this chip can reach up to 16 MIPS (million
instructions per second). This is fast enough to adequately control
the system since the motor runs at up to 20 KHz (according to the
Nyquist–Shannon sampling theorem).
A clock cycle in the microcontroller takes approximately 6
ns and the operation usually takes less than 10 cycles to execute,
resulting in approximately 60 ns for the operation’s execution.
This latency is considerably reduced compared to the analog
design and makes the discreteness imperceptible by the human
sense of touch. Additionally, the microcontroller has 8 integrated
AD converters which are very useful in reading the parameters of
the motor and thereby controlling it. Another important feature is
the Atmega-8’s ability to handle the I2C protocol used for
communication between the slider boards and the mainboard. A
description of the different subsystems is provided in the
following sections.
3.2
Mainboard
The device is connected through the USB to the computer for fast
data transmission and easy recognition by the operating system.
This design increases the communication speed and thus reduces
the latency experienced with the old analog platform [1][3][7]. To
accomplish this, the mainboard uses a USB driver chip
(FT232RL) to control the frame communication between the
microcontroller and the computer. One of the most advantageous
features of this integrated circuit is that it requires few external
components to work properly and has integrated the EEPROM
memory used to customize the device properties. The board is
supplied with the 9 volt power supply used for the TTL circuits
and the motors, reducing possible interferences as much as
possible. The main function of the board is depicted a block
diagram (Figure 3) followed by the current realization of the
mainboard (Figure 4).

2

Figure 3: Mainboard block diagram with I C serial bus.

Thanks to the Atmega-8 features and some additional
hardware, the mainboard is equipped to carry out I2C
communication with the sliders. This enables a running speed of
400 KHz, which amounts to very fast master-slave
intercommunication. This bus also allows a large quantity of
devices to be connected, enabling the control of devices that use
many sliders such as DJ mixing boards. However, in our case, the
system is designed and optimized to control up to 16 sliders in
small applications.

mainboard. The communication through the I2C bus is
characterized by the reduced number of wires to transfer data
(only two wires are needed) and data communication frequencies
of 400 kHz, thanks to the Atmega-8. A block diagram of the
system is shown in Figure 5.
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Figure 5. Slider board block diagram with I C serial bus.
The microcontroller sends pulse width modulated
signals to the H-Bridge.

Figure 4. Current version of the mainboad.

For future applications, the slider platform also has a switch
to enable/disable the slider or make the slider execute another
function (it will be determined by software in the microcontroller
firmware). This switch is connected to the microcontroller
through an AD converter input. In the future, the switch may be
replaced by a pressure-sensitive button, which can then be read by
the AD converter.

3.3
Slider board
Each motorized slider is controlled by an electronic board
attached to its base. We chose to have one microcontroller per
motor rather than one central board controlling all the motors
because this solution is more modular and the microcontrollers
can better control each motor. Furthermore, this helps achieve the
desired stability as described in use requirement ii.

In order to identify the devices, each slider board is defined
by a unique memory address. This allows the mainboard to
communicate directly with each of the sliders’ microcontroller.

In order to control the system, the microcontroller needs to
measure the position and electric current. To measure the position,
we use a potentiometer incorporated into the slider. A constant
voltage is supplied to it, making it so that when the position
changes the output resistance also changes, and with it the output
voltage to be measured by one of the microcontroller’s AD
converters. A similar process measures the current by
transforming the motor’s output current. In order to drive a small
motor in the forward and reverse directions we need an H-bridge
configuration, which basically consists of four transistors that
redirect the current in the desired direction. We used an integrated
circuit for its following properties: greater stability, its minimizing
of the differences between the transistors, reduced dimensions, a
wide range of operating voltage (5-36 V), TTL/CMOS compatible
inputs, faults status reporting, and current feedback output.

• Position: the slider is used only as an input device, the motor is
switched off, and the user can move the slider without force
feedback (FF).

The control of the motor is achieved using PWM signals
(Pulse Width Modulation) to control the voltage supplied and with
it, the torque (which is proportional to the current). This PWM
can be done in different ways. We used a fixed frequency of 10
kHz, generated with the microcontroller timer with a variable
on/off cycle. With this configuration, the number of PWM duty
cycles equals the average voltage over the motor, allowing us to
achieve different speeds in the motor and control the current.
Each slider board will function as a slave device, working in
a parallel process and waiting for petitions or orders from the

The slider platform is designed to memorize LUTs of 256
bytes for position and 256 bytes for force. With these LUTs, the
slider is able to perform these different functions:

• Elasticity: the user’s fingers must overcome a force which
increases with distance to default position. When the handle is
released it returns to its default position.
• Detents: offers a number of discrete steps into which the handle
can snap.
• Texture: high-frequency, low-intensity vibrations are applied to
the handle, giving users the impression of a rough surface.
• Oscillation: the handle comes to a rest after a damped sine
movement.
These five haptic profiles are abstract descriptions of
elementary capacities; other applications can be composed from
these modes. Any finite function that can be written as a
mathematical expression is allowed [8]. The first design and the
final slider are shown in Figure 6.
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SCENARIOS OF USE

We envision several applications, of which we present three.
Firstly, we envision mapping Graphical User Interface (GUI)
sliders onto a set of FFSs incorporated into a box (Figure 1, right).
One use of such mapping could be in a financial modeling GUI
(Figure 8). Here, FFS detents with varying number of levels may
be programmed to provide haptic information about level of
interest rate or amount invested. In this example, we hope to
address typical ergonomic issues such as visual over-stimulation,
strain symptoms in repeated mouse movements, and lack of direct
and haptic input-output. Secondly, polling of physiological
sensation in test subjects may benefit from haptic representation
of non-verbal levels between upper and lower bounds such as
warm/cold, long/short time, and long/short distance. Finally,
remote controls involving multidimensional degrees of freedom
may benefit from mapping on FFSs. For instance, haptic
information of imminent collision risk or supportive cues in
grabbing remote physical objects are applications we consider
inviting for further investigation.

Figure 6. Testing board (top) and final slider board
(bottom, here held by two fingers).
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ONGOING IMPLEMENTATION

From several motor control alternatives, we are currently
implementing a discrete PID control (Proportional-IntegralDerivative). This control was chosen because it is widely and
successfully used in control applications. This control also
prioritizes the precise output of the reference values below (Figure
7 shows a general case for PID control). The different parts of the
PID control actuate the system in the following ways:
• Proportional term (P): gives the system a control proportional
to the error.
• Integral term (I): stabilizes the system from the sum of the
previous errors. It is useful to eliminate the stationary error.
• Derivative term (D): anticipates the future error so that the
output is proportional to the error’s rate of change over time. It
improves the response if there is any sudden change in the
system.

Figure 7. Close Loop System with PID where y0 is reference input,
e is error, u is controller output, and y is desired system output.

Each microcontroller has an automatic recalibrating system
that calculates the parameters of the PID at startup. Thus, the
slider is controlled with the same precision irregardless of changes
in friction caused by slider deterioration over time or other
factors.

Figure 8. GUI for financial modeling, with soft sliders [20].
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DISCUSSION AND OUTLOOK

We have presented a digital realization of the Force Feedback
Slider (FFS). This new platform contains almost all of the features
offered by the state-of-the-art user interfaces for music editing
like the Behringer B-Control Fader BCF2000 [17] and the Mackie
Control [19] such as a USB/MIDI interface, modularity, and the
use of actuated physical sliders. Related research projects offering
actuated physical sliders are iStuff [2] and Phidgets [5].
Our digital platform considerably reduces the latency as
compared with our previous, analog version [1][7]. We now use
an AD converter integrated into the microcontroller, which is
faster than the soundcard used in the analog version. Only an API
is needed to control the platform and the program to control the
functions is in the motor’s firmware. The delay has also been
reduced, increasing the stability.
The five basic haptic functions suggested (position,
elasticity, detents, texture, and oscillation) are implemented in the
firmware of the microcontroller and not in the computer, making
for reduced latency, improved stability, and thereby faster and
easier control. We are currently implementing new functions
based on combinations of the five basic functions that the slider is
able to work with.

The haptic device has an enable/disable button and a LED
which is able to indicate a predefined binary slider status, hence
making the status visible to the user.
Finally, we have shown some future applications of the FFS
such as the mapping of GUI sliders onto FFSs, polling of user
impressions based on non-verbal selections, and a remote control
with haptic warning cues. We even envision further uses, such as
remote collaboration, educational uses, 3D graphics control,
multi-factor optimization, music applications, collaborative
editing [15], interpersonal communication [11], and haptic
alphabets [4].
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