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(54) HAPTIC FEEDBACK MUSIC DEVICE COMPRISING ROTATING USER INTERFACE ELEMENT

(57) A haptic feedback music device (1) is provided
comprising a rotatable haptic feedback user interface el-
ement (2) coupled to an actuator to actively drive the user
interface element (2), at least one means for detecting a
user input (8), and an audio processing unit (14) adapted
to process an audio signal (13) according to the detected
user input (4) and to output the audio signal (13) via an
audio output (15). Further provided is a haptic rendering
processor (10) is provided coupled to the means for de-

tecting a user input (8), the actuator (7) and the audio
processing unit (14), wherein the haptic rendering proc-
essor (10) is adapted to receive as input the detected
user input (4), to generate a haptic effect (9) based on
the received input, and to output a drive signal to the
actuator (7), the drive signal including the generated hap-
tic effect (9) such that a haptic feedback is generated at
the user interface element (2).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to a
haptic feedback user interface device and a related meth-
od.

BACKGROUND OF THE INVENTION

[0002] A large number of user interface elements exist
for music devices, many of which are rotating, such as
knobs and dials. Most of them are one-directional input
elements, rather than bi-directional interfaces generating
a feedback to the user. Sophisticated rotating user inter-
face elements are particular designed for the DJ segment
of music devices, where one or two rotating user interface
elements are often the primary user interface for the mu-
sic device - and as such afford a high level of sophisti-
cation.
[0003] In a first prior art embodiment, as illustrated in
Fig. 9, the control device is a turntable with an electric
motor as actuator which is propelling a heavy platter as
driven interface. Favourably, the motor has adjustable
actuator torque and start or stop brake times. Typically,
the motor has a twofold speed setting for a nominal speed
(e.g. 33 g or 45 revolutions per minute) and a relative
speed setting (e.g. +- 10%). To stabilize the motor drive,
a speed sensor is placed in a control loop from the driven
interface to a speed control unit to the actuator. A disc
of vinyl with a pressed-in audio recording is placed as a
passive interface on top of the driven interface favourably
with a slip mat in between to improve the mechanical
coupling, especially lower the friction for a slipping move-
ment of the passive interface relative to the driven inter-
face. The actuator which is coupled to the driven inter-
face, the mechanical coupling mat and the passive inter-
face are stacked as a coaxial system of three independ-
ent parts rotating around a common axis of revolution. A
user can interact with his or her hand with either the pas-
sive interface or the driven interface to slow down or
speed up either movement. A needle is used a sensor
to follow a groove in the vinyl, from where the signal is
processed to an audio output which is audible by the
user. The turntable allows the user to manually control
the playback of an audio recording, usually with the pur-
pose of mixing it with a second recording coming from a
second turntable. This prior art embodiment has stayed
mostly unchanged for decades and is a reference for
other prior art embodiments and also some preferred em-
bodiments of the invention.
[0004] In a second prior art embodiment, as illustrated
in Fig. 10, the control device is a rotating jog controller
as a passive interface on a device or connected to a
device which is adapted for playback of a digital audio
file with an audio processing unit. The passive interface
is the only point of interaction and actively rotated by the
user hand only. Favourably, a dampening setting adjusts

the mechanical resistance of the rotating jog controller.
An angular sensor detects the rotation of the passive
interface and sends a signal to a signal processing unit
which is controlling the audio processing unit. This sec-
ond prior art element is enabling controls relating to a DJ
application only in reminiscence of a turntable without
offering the principle user interaction with a motorized
turntable, thus excluding many turntable techniques such
as scratching.
[0005] The DJ music device industry has produced a
spectrum of other prior art embodiments which combine
features of the first and second prior art embodiment,
especially combining the motorized turntable mechanics
of the first prior art embodiment with playback of digital
files of the second prior art embodiment.
[0006] Both high cost and space requirements which
come with the turntable mechanics of the first prior art
embodiment, and in extension with any hybrid combina-
tions with the second prior art embodiment, have been
prohibitive to many classes of music devices. The second
prior art embodiment is effectively the most popular in
DJ devices, simply because it does not come with these
cost and space requirements, although it is widely con-
sidered the inferior solution.

SUMMARY OF THE INVENTION

[0007] An object of the invention is to improve on the
prior art for rotating controllers on DJ music devices by
creating a better and adaptable solution around a rotat-
able user interface for a user to manipulate audio
processing of an audio signal. Another object of the in-
vention is to realize a motorized rotatable user interface
without the often prohibitive mechanical complexity, size
and cost of the first prior art embodiment and its deriva-
tives. Another object of the invention is to extend the use
of a rotatable user interface on a DJ device to a broader
functionality, and also provide new forms of active feed-
back via the rotatable user interface.
[0008] In accordance with one aspect of the present
invention there is provided a haptic feedback music de-
vice comprising a rotatable haptic feedback user inter-
face element coupled to an actuator to actively drive the
user interface element, at least one means for detecting
a user input, and an audio processing unit adapted to
process an audio signal according to the detected user
input and to output the audio signal via an audio output.
A haptic rendering processor is further provided coupled
to the means for detecting a user input, the actuator and
the audio processing unit, wherein the haptic rendering
processor is adapted to receive as input the detected
user input, to generate a haptic effect based on the re-
ceived input, and to output a drive signal to the actuator,
the drive signal including the generated haptic effect such
that a haptic feedback is generated at the user interface
element.
[0009] Thus, a force-feedback user interface element
is provided extended with an actuator, e.g. a DC motor.
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The user interface element can be driven to rotate at
certain, constant speed. Its haptic character can be var-
ied by the user and e.g. includes options for emulated
damping, inertia, vibration, and rotation parameters. Also
other contextual information may be rendered haptically.
The inventive force-feedback user interface element
could be described as a jog with additional force-feed-
back and direct actuation.
[0010] The inventive device comprises user input de-
tection means, preferably a position sensor to detect ro-
tation and user input. Instead of a bearing at its axis that
allows passive rotation, there actuator is preferably di-
rectly coupled to the force-feedback user interface ele-
ment to provide torque to the user interface element and
hence allow active rotation to the user interface element.
In a haptic rendering processor, user input is processed
to generate a torque signal to be provided to the actuator
and hence the user interface element.
[0011] For instance, set up as a feedback control loop
the haptic rendering processor can make the wheel spin
at a constant velocity. Depending if the user interface
element is touched, different haptic characters can be
rendered, e.g. emulating a turntable slip mat. Other use
cases for utilizing more sophisticated haptic feedback is
the capability to emulate mechanical friction, drive torque
strength, damping and/or inertia in order to give a user
options to tweak and configure the mechanical character
in great detail towards his or her preferences.
[0012] Furthermore, state of the art motorized jog
wheels require large constructions while in the present
invention, the haptic technology can be placed in a slim
and flat device design.
[0013] Preferably the user interface element is directly
coupled to the actuator, i.e. without bearings. In one pre-
ferred embodiment, the actuator consists of a single part,
i.e. a one part user interface element is provided. In an-
other embodiment, the user interface element is provided
as assembly of parts, but the parts are provided without
any relative movement with respect to each other such
that all parts of the assembly always perform the same
rotational movement resulting form the direct coupling to
the actuator.
[0014] Advantageously, slip mats as used in state of
the art designs are superfluous while the inventive user
interface element can nevertheless be operated by a user
similar to a state of the art turntable. Further, the use of
a single piece user interface element reduces costs, re-
duces the weight of the device and allows the user inter-
face to mimic the behaviour of a heavy and a light turn-
table platter.
[0015] The haptic rendering processor is adapted to
receive as further input at least one of the audio signal
being processed, parameters of the audio-signal, param-
eters of the processing of the audio-signal, haptic settings
for rendering a haptic effect, and mode selection infor-
mation.
[0016] Thus, the haptic rendering can be influenced,
e.g. by pre-configured settings stored in a memory of the

device. In a preferred embodiment, the parameters of
the audio-signal, parameters of the processing of the au-
dio-signal, haptic settings for rendering a haptic effect,
and mode selection are all user adjustable. Thus, advan-
tageously, the force-feedback can be customized to the
specific needs of the user.
[0017] A haptic gesture recognition unit may be further
provided to map the detected user input to pre-defined
haptic gestures, wherein the haptic rendering processor
is adapted to render a specific haptic effect based on the
recognized haptic gesture, and/or the device is adapted
for selection of a specific device mode or to alter a specific
haptic setting based on the recognized haptic gesture.
[0018] Advantageously, a mode of the device, haptic
settings and haptic effects may be adjusted by the user
and/or selected by user via pre-defined haptic gestures,
which can be stored in a memory of the device.
[0019] A haptics gesture, preferably applied in a turn-
table mode, may be a backspin gesture and the corre-
sponding user input is a fast movement in reverse direc-
tion with respect to a reference speed and direction,
wherein the associated haptic effect is an emulated in-
ertia for a continued spinning of the user interface ele-
ment in reverse direction. Thus, the aim of the user to
backspin the audio signal processed by the device can
be easily detected and a feedback of the detection is
outputted or displayed to the user.
[0020] Further, a haptics gesture, preferably applied in
a turntable mode, may be a tempo gesture and the cor-
responding user input is a pronounced movement in di-
rection or opposite to a reference speed and direction in
order to speed up or slow down an effective speed of the
user interface element for a pre-defined time, and where-
in the haptic effect is an adjustment of the rotation speed
towards the effective speed during the user input, pref-
erably averaged over a predefined time before the user
input ends.
[0021] A haptics gesture, preferably applied in a turn-
table mode, may be a starting gesture, preferably applied
in a turntable mode, where the initial rotation speed of
the user interface element is zero and the corresponding
user input is a movement of the user interface element
in clockwise direction, wherein the associated haptic ef-
fect is sending a start signal to the haptics rendering proc-
essor resulting in a continuation of the rotation towards
a non-zero reference speed.
[0022] In consequence, the device is adapted to detect
different user gestures applied to the user interface ele-
ment and to force-feedback the detection of those ges-
tures back to the user via the user interface element.
[0023] The haptic effect may result from an alteration
of the drive signal applied to the actuator. The alteration
of the drive signal may results from and application of at
least one of a speed modulation of the actuator, a torque
modulation, an emulated inertia, an emulated damping,
emulated springs or emulated boundaries.
[0024] In a preferred embodiment, the drive signal pro-
vided to the actuator may comprise a superposition of a
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speed and/or torque signal and a signal representing the
generated haptic effect. Thus, only a single drive signal
is generated by the haptic rendering processor and ap-
plied to the actuator simplifying the haptic effect display
at the user interface element.
[0025] At least a part of one surface of the user inter-
face element may comprise a touch sensor coupled to
the haptic rendering processor for detecting a touch input
of user. Preferably, the haptic rendering processor is
adapted to generate different drive signals if a surface
having the touch sensor is touched or a surface not hav-
ing the touch sensor of the user interface element is
touched. The touch sensor may be arranged on a top
surface of the user interface element or a side surface
of the user interface element.
[0026] Advantageously, utilizing a touch sensor in con-
junction with force feedback creates an illusion of two
mechanically different behaving parts. The device com-
prises user input detection, for instant a position sensor
to detect rotation, and a touch sensor to detect touch
events on its conductive top plate. The touch sensor may
be a capacitive sensor to detect touch events on its con-
ductive top plate.
[0027] Upon a touch input of a user to a top surface of
the user interface element, the haptic rendering proces-
sor may be adapted to reduce a torque of the actuator.
[0028] If the haptic rendering processor receives a start
or stop signal, artificial inertia and damping may be gen-
erated as a haptic effect.
[0029] A selectable mode of the music device may be
a turntable mode, and the haptic rendering processor is
configured to drive the actuator towards a reference
speed in a control loop, wherein the effective speed of
the user interface element is continuously mapped to the
processing speed of the audio signal.
[0030] A selectable mode of the music device may be
a jog mode, wherein the initial drive signal to the actuator
is zero, and the haptic rendering processor is configured
to generate a haptic effect based on emulated friction,
emulating damping and emulated inertia applied to the
drive signal of the actuator upon a user input to the user
interface element.
[0031] A selectable mode of the music device may be
a grid mode and the haptic rendering processor is con-
figured to receive hot cue information applied to the audio
signal or a beat grid of the audio signal and to generate
a haptic effect such that if a hotcue or a beat grid is passed
in the audio signal, a corresponding haptic effect is pro-
vided to the user interface element. The haptic rendering
processor may be configured to alter the beat grid upon
user interactions applied to the user interface element.
The haptic effect may be a detent or direction depending
damping.
[0032] A selectable mode of the music device may be
a haptic audio signal mode, and the haptic rendering
processor is configured to generate a haptic effect com-
prising a damping or vibration proportional to the enve-
lope of the audio signal.

[0033] A selectable mode of the music device may be
a seek mode and the haptic rendering processor is con-
figured to drive the actuator with an increased speed.
[0034] Thus, the invention is advantageously adapted
to display specific user desired force feedback by select-
ing different modes of operation.
[0035] The means for detecting a user input is prefer-
ably a means for detecting movement of the user inter-
face element, more preferably a means for detecting ro-
tational position and/or angular velocity of the user inter-
face element. Advantageously, only a single sensor can
thus be used to measure a user input via a change of the
velocity of the user interface element 2 not corresponding
to the drive signal, and at the same time, the sensor can
be used to control the speed of the user interface ele-
ment. Such embodiment saves space, time and costs.
[0036] In a preferred embodiment the user interface
element preferably has the shape of a turntable platter
with a circular top surface and an inclined side surface,
and the top surface of the user interface element is
mounted parallel to a surface of the haptic feedback mu-
sic device. Thus, a state of the art turntable can be easily
mimicked by the present invention without the use of slip
mats.
[0037] In an alternative embodiment, the user interface
element has the shape of a wheel or wheel segment with
an axis of revolution parallel to a top surface of a haptic
feedback music device. Thus, different orientations of
the user interface element provide a large degree of free-
dom of the operation of the user interface element.
[0038] The device may further comprise a visual ren-
dering processor coupled to the haptic rendering proc-
essor and/or the audio processing unit, and at least one
a visual output element coupled to the visual rendering
processor to visually represent the generated haptic ef-
fect and/or data associated with the audio signal. Advan-
tageously, not only haptic feedback is provided, but also
visual feedback.
[0039] The user interface element may be adapted for
selection of a mode of the device upon a user input, pref-
erably by a pre-defined gesture. Advantageously, all se-
lections can be made directly via the user interface ele-
ment.
[0040] The device may further comprise a mode se-
lection element for selection of a mode of the device.
Thus, a mode of the device may also be selectable with-
out the use of haptic gestures.
[0041] In a preferred embodiment the device is a de-
vice for playback of an audio signal and the processing
of the audio signal relates to processing of a playback of
an audio signal.
[0042] Thus, the device playbacks an audio signal and
the user is able to interfere with the audio signal while
being provided with haptic feedback on its interference.
[0043] In one embodiment a second actuator is pro-
vided to drive the user interface element, and the haptic
rendering processor is adapted to output a second drive
signal to the second actuator, preferably to render vibra-
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tion effects perpendicular to a rotational motion of the
user interface element. This allows reducing interference
between the rotation drive signal and vibrations applied
to the user interface element.
[0044] Further provided is a corresponding method of
controlling a haptic feedback music device comprising
the steps of processing an audio signal by and audio
processing unit, providing a rotatable a user interface
element rotatable by an actuator, applying a user input
to the user interface element, detecting a user input, in-
putting to a haptic rendering processor the detected user
input, generating a haptic effect by the haptic rendering
processor based on the received input, and outputting a
drive signal to the actuator through the haptic rendering
processor, the drive signal including the generated haptic
effect.
[0045] The step of inputting to a haptic rendering proc-
essor may comprise the step of providing a further input
to the rendering processor, the further input comprising
at least one of the audio signal being processed, param-
eters of the audio-signal, rendering settings, parameters
of the processing and a mode selection of the music de-
vice.
[0046] The generation of a haptic effect may be related
to altering the drive signal applied to the actuator, pref-
erably with respect to a constant reference speed drive
signal.
[0047] The alteration of the drive signal may result from
at least one of a speed modulation of the actuator, a
torque modulation, an emulated inertia, an emulated
damping, emulated springs or emulated boundaries.
[0048] The generation of a haptic effect may be related
to the step of superposing a speed and/or torque signal
with a signal representing the generated haptic effect as
a drive signal outputted to the actuator.
[0049] The method may further comprise the step of
providing a touch sensor on at least a part of one surface
of the user interface element for detecting a touch of user,
the touch sensor being coupled to the haptic rendering
processor. The method may further comprise the step of
further providing the touch sensor on a top surface of the
user interface element or a side surface of the user in-
terface element.
[0050] The method may further comprise the step of
selecting a turntable mode as a mode of the music device
and driving the actuator with a constant speed.
[0051] The method may further comprise the step of
touching a top surface of the user interface element and
reducing a torque of the actuator upon detecting of the
touch, thus mimicking a light turntable.
[0052] The method may further comprise the step of
applying a backspin gesture to the user interface element
and upon detecting of the backspin gesture, temporarily
ramping down the constant reference speed control loop
of the actuator and adding artificial inertia at the same
time, to then switching back to a constant reference
speed control loop once the speed of the user interface
element exceeds a threshold value.

[0053] The method may further comprise the step of
receiving a processing start or stop signal and generating
a haptic effect as artificial inertia and damping thus mim-
icking a heavy turntable.
[0054] The method may further comprise the step of
selecting a jog mode as a mode of the music device,
wherein the initial drive signal to the actuator is zero, and
generating a haptic effect based on emulated friction,
emulating damping and emulated inertia applied to the
drive signal of the actuator upon a movement of the user
interface element.
[0055] The method may further comprise the step of
providing a touch sensor to a top surface of the user
interface element and coupling the touch sensor to the
haptic rendering processor for detecting a touch of user,
and the step of generating different drive signals if a top
surface of the user interface element or if a side surface
of the user interface element is touched.
[0056] The method may further comprise the step of
selecting a haptic hotcue mode as a mode of the music
device and receiving hotcues applied to the audio signal
as data associated with the audio signal or as a user
input to the user interface element and generating a hap-
tic effect included in the drive signal of the actuator such
that if a hotcue is passed in the audio signal, a haptic
effect is outputted to the user interface element.
[0057] The method may further comprise the step of
selecting a haptic beat grid mode as a mode of the music
device and receiving a beat grid of the audio signal as
data associated with the audio signal and generating a
haptic effect included in the drive signal of the actuator
such that if a beat grid line is passed, a haptic effect is
outputted to the user interface element. The method may
further comprise the step of altering the beat grid of the
audio signal upon user interactions applied to the user
interface element. The haptic effect may be a detent or
direction depending damping.
[0058] The method may further comprise the step of
selecting a haptic audio signal mode as a mode of the
music device and generating a haptic effect comprising
a damping or vibration proportional to the envelope of
the audio signal.
[0059] The method may further comprise the step of
selecting a haptic begin or end mode as a mode of the
music device and generating a haptic effect representing
a haptic spring or wall to indicate a beginning or an end
of an audio signal to the user.
[0060] The method may further comprise the step of
selecting a seek mode as a mode of the music device
and driving the actuator with an increased speed.
[0061] The user input may be detected by detecting a
movement of the user interface element, preferably by
detecting a rotational position and/or angular velocity of
the user interface element.
[0062] The user interface element may have the shape
of a turntable with a circular top surface and an inclined
side surface.
[0063] The method may further comprise the step of
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providing a visual rendering processor coupled to the
haptic rendering processor and/or the audio processing
unit, and a visual LED output element coupled to the vis-
ual rendering processor to visually represent the gener-
ated haptic effect and/or data associated with the audio
signal.
[0064] The characteristics, features and advantages
of this invention and the manner in which they are ob-
tained as described above, will become more apparent
and be more clearly understood in connection with the
following description of exemplary embodiments, which
are explained with reference to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0065] In the drawings, same element numbers indi-
cate same elements in each of the views:

Fig. 1 depicts a first embodiment of the invention,

Fig. 2 depicts a second embodiment of the invention,

Fig. 3 depicts a third embodiment of the invention,

Fig. 4 depicts a schematic representation of a music
device according to the invention,

Fig. 5 shows in a further aspect different modes of
an inventive music device according to the in-
vention,

Fig. 6 exemplarily depicts a turntable mode and as-
sociated gestures according to the invention,

Fig. 7 depicts audio signal aspects according to the
invention,

Fig. 8 depicts a further embodiment of the invention,

Fig. 9 depicts a first prior art music device,

Fig. 10 depicts a second prior art music device.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0066] Fig. 9 shows a schematic representation of the
first prior art embodiment, a turntable to play records
pressed on vinyl disks. Passive interface, mechanical
coupling, and driven interface are placed on top of each
other with a common axis of revolution. A high torque
drive motor is the actuator driving the driven interface,
which is the turntable platter. A so called slip map is
placed as mechanical coupling between the turntable
platter and the vinyl. The vinyl disk is both holder of the
recording, anachronistically marked as ’audio file’, and a
passive interface in the sense that it can receive a user
input, but is not driven directly. The user input can also

go to the directly driven turntable platter. It is not possible
to reach the thin slip mat with the vinyl disk on top. Con-
trary to the proportions in the figure, both vinyl disk and
slip mat are very thin and light, compared to a heavy
turntable platter. The audio recording is played back at
the speed of rotation of the vinyl disk and the signal picked
up by the needle is audible by a DJ. The high torque
motor is controlled with a speed control loop from a speed
sensor detecting the speed of the driven interface. An
advanced turntable has adjustable torque. The speed
control is always regulating the motor towards a refer-
ence speed for the driven interface’s rotation. The refer-
ence speed is adjustable with a speed setting by the DJ.
The only feedback, other than audible, is the passive
feedback from the user input is the immediate perception
of the user inputs effect on the movement of the mechan-
ical system.
[0067] Fig. 10 shows a schematic representation of a
second prior art embodiment, a non-motorized jog wheel
controller. The jog wheel is a passively rotating element
with an adjustable damping. A sensor detects the move-
ment of the jog wheel and sends a signal to a digital signal
processor. The signal processor can change the
processing of an audio file and attached markers such
as hotcues. Audio file and attached marker information
are processed by a visual processor and accessible to
the DJ through a visual display. The audio file is also
processed by an audio processor and audible by the DJ
through an audio output. The manual interaction of the
DJ to the passive interface is only followed by a weak
passive feedback.
[0068] From a technical perspective, music, audio and
sound can be used interchangeably as they are distin-
guished by quality not by their technical form. A music
device is a device for creating music, performing music,
playing music, manipulating music, mixing music, com-
posing music, and/or generally controlling processes re-
lated to music. In a music context, the user of a control
device or process is generally a musician, specifically a
performer, DJ, producer, audio technician, or other music
device operator. A user interface, and more specifically
a human machine interface, allows a user to interact with
a music device or a group of connected music devices
by interacting with physical user interface elements. A
rotatable user interface element is an interface element
with at least one axis of rotation like a dial, a knob as
potentiometer or encoder, a jog, a platter, a wheel, a ro-
tating grip, or generally any touchable piece which can
be rotated. Haptics is a field generally relating to interac-
tion with objects accessible to touch, and further, the per-
ception of this interaction by a user, usually tactile per-
ception. Haptic feedback is an actively generated haptic
experience for the user upon a user input to a haptic
interface, in particular to a rotatable user interface ele-
ment. User input to a rotatable user interface element is
in particular the interaction of a part of the user’s body,
or imaginable an extension to a part of the user’s body,
with a mechanical system, where the interaction can be

9 10 



EP 3 617 848 A1

7

5

10

15

20

25

30

35

40

45

50

55

in particular transmitted via momentum transfer between
rotatable user interface element and body part. For in-
stance, the hand of the user is used to manually rotate
a rotatable user interface element around an axis of rev-
olution, and during contact the user feels the movement
of the rotatable user interface element including the im-
mediate effect of the user input on this movement.
[0069] Fig. 1 shows a first preferred embodiment of the
invention for a haptic feedback music device 1. A rotat-
able haptic feedback user interface element 2, in the fol-
lowing for simplification addressed as a user interface
element 2, is provided. The user interface element 2 can
be preferably shaped as a disk with rotational symmetry
to mimic a shape of a turntable. However, other shapes
are possible. The user interface element 2 has a degree
of freedom for a rotational movement around the axis of
revolution, preferably an axis of symmetry. This rotational
movement reacts to both the user input 4 applied thereto
and the drive signal of an actuator 7, which is coupled,
preferably directly coupled without bearings or transmis-
sion to the user interface element 2. The actuator’s drive
depends on a drive signal received from a haptic render-
ing processor 10. Means for detecting a user input 8 or
user input sensor 8 are provided to detect a user input 4
to the user interface element 2. The means for detecting
a user input 8 is preferably a means for detecting move-
ment of the user interface element 2, here rotation of the
user interface element 2. The means for detecting a user
input 8may detect a rotational position and/or an angular
velocity of the user interface element 2. Preferably, this
allows provision of sensor which can be used for identi-
fication of a user input 4 which would influence the rota-
tion speed or rotation direction of the user interface ele-
ment 2, and also for controlling the rotation speed and
rotational direction of the user interface element 2. The
means for detecting a user input 8 is implemented to
carry a signal to the haptic rendering processor 10, pref-
erably including indication of a change to the movement
of the rotational user interface 2 caused by a user input
4. A signal loop originating from the haptic rendering proc-
essor 10 is coupled via the actuator 7 to the user interface
element 2 and via means for detecting a user input 8
back to the haptic rendering processor 10. A signal from
the means for detecting a user input 8 is also connected
to an audio processing unit 14 which is processing an
audio signal 13 to an audio output 15. In a direct interac-
tion a user input 4 can affect the audio processing unit
14 to process the audio signal 13 according to the user
input 4. At the same time the user input 4 is provided as
input to the haptic rendering processor 10. A haptic effect
9 can be rendered or generated in the haptic rendering
processor 10 according to the user input 4. In one non-
limiting example an interference with the signal loop by
the user input 4 is received by the haptic rendering proc-
essor 10. The generated haptic effect 9 is included in the
drive signal for the actuator 7 which applies the haptic
effect 9 to the rotatable user interface 2 where a feedback
loop is completed as the haptic effect feedback is re-

turned on the user input 4 and displayed at the user in-
terface element 2. Favourably, the haptic rendering proc-
essor 10 can render the haptic feedback immediately, i.
e. with a short response time, so the user perceives the
haptic feedback as virtually simultaneous to the user in-
put 4.
[0070] Optionally, a generation of haptic effects 9 may
also depend on the audio signal 13 being processed,
user adjustable parameters of the audio-signal 13, and
user adjustable parameters of the processing of the au-
dio-signal 13, user adjustable haptic settings 11 for ren-
dering a haptic effect (9), and mode selection information.
A parameter of the audio-signal 13 may be a beat grid
of the audio-signal. A parameter of the processing of the
audio signal 13 may be a speed of playback. Haptic set-
tings 11 may refer to the strength of the haptic feedback
provided, its duration etc. Such configurations may be
pre-set in different modes 23 of the music device. Such
haptic settings 11 and modes 23 may be stored in an
optional memory of the music device 1.
[0071] Furthermore, preferably the user interface ele-
ment 2 is directly coupled to the actuator 7, and consists
of a single part or an assembly of parts provided without
any relative movement of its parts with respect to each
other such that all parts of the assembly always perform
the same rotational movement resulting form the direct
coupling to the actuator 7. This is in clear contrast to state
of the art embodiments which require a slip mat to mimic
the behaviour of a turntable. The slip mat is loosely placed
on a turntable platter and can be decoupled from the
movement of the platter, e.g. during scratching.
[0072] Fig. 2 shows a second preferred embodiment
of the invention. The user interface element 2 with an
axis of revolution 5 is mounted on top of a surface of a
haptic feedback music device 1. The shape of the user
interface element 2 is preferred that of a disk with a flat
top surface 16 and an inclined side surface 17, resem-
bling the shape of a turntable platter. Again, the invention
is not limited to such shape. The top surface 16 is covered
by a touch sensor 3, so the whole top surface 16 is sen-
sitive to the touch of a user input 4. However, also only
a part of the top surface 16 may be covered by the touch
sensor 3, for instance only a ring around the centre of
the user interface element 2. A detected touch of the user
input 4 is received by the haptics rendering processor
10. Coaxial to the axis of revolution 5 a rotational actuator
7 drives the rotational movement. The rotational user in-
terface element 2 together with the axis connecting it to
the actuator 7 is preferably a single rigid assembly, with
no relative movement of the internal parts of the assem-
bly, and the actuator’s rotation is directly coupled to this
assembly. In this embodiment, the means for detecting
a user input 8 is a means for detecting the angular velocity
8 of the user interface element 2 such that only one sen-
sor can detect the input and can be used for driving the
user interface element. The means for detecting an an-
gular velocity 8 is measuring the angular velocity directly
or indirectly via measuring the angular position over time,

11 12 



EP 3 617 848 A1

8

5

10

15

20

25

30

35

40

45

50

55

and sending a signal with that information to a haptic
rendering processor 10. However, this means is just one
implementation of the means for detecting a user input
8. The means for detecting an angular velocity can how-
ever also be separate from the means for detecting a
user input 8 . Optionally, a second actuator 6 is connect-
ed with the assembly of the rotational user interface and
drives a movement of this assembly in direction of the
axis of revolution 5, thus always perpendicular to the
plane of the rotational movement driven by the actuator
7. In this optional configuration, the rotational actuator 7
and the second actuator 6 receive independent drive sig-
nals from the haptic rendering processor 10, which each
can include haptic effects 9 generated by the haptic ren-
dering processor 10. The haptic rendering processor 10
may receive a mode selection including haptics settings
11. The haptics rendering processor can receive the au-
dio signal 13 being processed, parameters of the audio
signal 13, and parameters of the audio processing from
an audio processing unit 14. The haptics settings 11 can
be saved from and loaded to the haptic feedback music
device 1 to adjust or customize the generation of haptic
effects 9 by the haptics rendering processor 10. The hap-
tic rendering processor 10 affects the audio processing
unit 14 which is processing the audio signal 13 to an
audio output 15. Optionally and not limiting, a visual ren-
dering processor 18 may be provided which is affected
by both the haptic rendering processor 10 and the audio
processing unit 14 and may render parameters of the
audio signal, modes of the haptic rendering processor
10 or the device 1, and haptic effects to a visual output
element 19. In this preferred embodiment, the audio
processing unit 14 receives a signal indicating the user
input 4 indirectly through the haptic rendering processor
10. However, the user input 4 may also be directly pro-
vided from the means of detecting a user input 4 to the
audio processing unit 14.
[0073] The actuator 7 can be a brushless direct current
electric motor and the drive signal to the actuator 7 may
be a torque signal which is sent to a motor driver. In such
a preferred embodiment, haptics effects included in the
drive signal are modulations of a torque signal. In a similar
embodiment with an intermediate motor driver, the drive
signal could also be a speed signal for a sophisticated
motor drive control function, where the haptic effects
would be modulations of the speed signal. In either case,
haptic effects can be utilized to generate an emulation
of characteristics of a rotating mechanical system, differ-
ent to the actual mechanical system of the rotation user
interface element, including emulated inertia, emulated
damping, and the behaviour of a push or pull against a
mechanical spring or against a mechanical boundary.
This is possible, because a user does not perceive those
properties of rotational mechanics directly. Instead the
mechanical properties of the rotating system are per-
ceived from the reaction of the user interface element 2
to a user. It would require higher torque, or a stronger
tangential push, from the user input 4 to change the

movement of a rotating element with higher inertia. A
rotating element with stronger damping would be harder
to accelerate and slow down a spinning movement by
itself faster. Moving a rotating element against a spring
would have it return to a normal position and the spring
would generate a force proportional to the distance from
that normal position, of course transferred to a torque
pointed towards that normal position in angular coordi-
nates. Rotating the element against a boundary would
be perceived as a hard stop to the movement, and de-
pending on the resistance of boundary it would require
certain strength of the user input 4 to overcome that
boundary, if possible. At this point it seems important to
point out that in this preferred embodiment the haptic
rendering processor 10 could be a digital application run-
ning on a high power CPU. The imaginable complexity
of a haptic effect for an emulation of mechanical charac-
teristics or other haptic effects is virtually limitless, and it
is technically possible to form a superposition of any
number of haptics effects with a drive signal inside the
digital processing environment. In this second preferred
embodiment the drive signal is transferring a simple
torque value to the motor, yet with the haptic feedback
loop from a user input 4 through the haptic rendering
processor 10 and the input of modes 23 which are related
to functions or protocols for the different types of haptic
effects on the haptics rendering processor, the user in-
terface element 2 is adapted to behave like different em-
ulated rotational systems, for example creating the illu-
sion of a much larger and heavier spinning platter or of
a very light passive disk. Further, this illusion can be ex-
tended with additional input from the touch sensor 3
which allows for example a differentiation between a user
input 4 to the top surface 16 and a user input 4 to the
side surface 17. The touch detection may switch a mode
9 of the haptic rendering processor 10. In each of the
modes 23 the haptics rendering processor 10 is set to
generate a different haptic effect 9 upon a user input 4
which results in a different reaction of the user interface
element 2 and thus, the input to these different surfaces
is perceived as an interaction with a rotating element with
different mechanical characteristics. When alternating
the user input 4 between the top surface 16 and side
surface 17 the user would perceive the interactions as
interactions with two separate rotating elements. For in-
stance, for pitch bending audio at the side surface 17 of
the user interface element 2, a user feels a certain torque.
To provide precise control for a pitch bending interaction,
the control torque of the actuator 7 coupled user interface
element 2 is increased to be large enough for "strong"
movements resulting in small pitch bends. As soon as
the user interface element 2 is touched on the top surface
16, the control loop parameters, most prominently the
maximum torque output, are reduced, thus making the
wheel "lighter" to enable effortless scratching. This re-
sults in a cohesive interaction, emulating two independ-
ent parts with different mechanical properties, hence the
illusion of decoupling via a slip mat. It is pointed out that
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the embodiment as described in Fig. 2 can also be driven
with just a single actuator 7 as in Fig. 1.
[0074] It is pointed out that the touch sensor 3 as shown
in Fig. 2 preferably forms a part of all embodiments de-
scribed throughout this description. Preferably a means
for detecting a user input 8 and an additional touch sensor
3 are used throughout the invention. The same holds for
the audio output 15.
[0075] Fig. 3 shows a third preferred embodiment of
the invention in a top view on a haptic feedback music
device 1 in a configuration illustrating the use of such a
device 1 in a DJing context. In DJing the audio signals
13 are usually generated as playback of an audio record-
ing, here saved as a digital audio file. In the centre of the
device is a mixer section which regarding the present
invention has only the purpose of mixing the audio output
from two processed audio signals to a common audio
output 15. On either side of the mixer section is an iden-
tical configuration of interfaces, most prominently a large
user interface element 2. Each of the user interface ele-
ments 2 could be of the type described in the second
preferred embodiment of the invention. Other input ele-
ments on either side are a start/stop selector 25, a fader
for controlling a reference speed 26 and some mode se-
lector inputs 24. As visual output elements 19 both sides
feature a large screen and a controllable illumination
around the respective user interface elements 2. The
haptic feedback music device 1 can be a single physical
device or formed by modular components which are con-
nected. In this preferred embodiment an external
processing unit, specifically a notebook computer or mo-
bile device with powerful CPU, is connected to host the
haptic rendering processor 10 to keep low latency be-
tween user input 4 and haptic feedback. In a functionally
identical configuration, the single physical device could
host the haptic rendering processing for either side. In a
modular configuration either of the side components
could be a haptic feedback music device 1 by itself. The
mixer section itself is not the only means for mixing in a
wider sense. Mixing by a skilled DJ involves many kinds
of interaction with the music device, in particular interac-
tions affecting the processing of the audio signals 13 ac-
cording to a detected user input 4 to the respective user
interface elements 2. The present invention allows new
ways and previously unknown flexibility for this type of
interaction, some of which will be detailed in further pre-
ferred embodiments of the invention.
[0076] Fig. 4 shows a representation schematic repre-
sentation of a music device according to the invention
with a different perspective on the invention. The haptic
feedback music device 1 is a human machine interface
with the rotatable haptic feedback user interface element
2, short user interface element 2, as a bi-directional in-
terface between a user and a digital application. There
are two secondary interfaces, an optional visual output
element 19 and an audio output 15, which are both one-
directional interfaces towards the user. The visual output
element 19 is perceived using the sense of sight. The

audio output is perceived using the sense of hearing. In
a music context, the audio output 15 will often be the
destination of a user interaction, yet the user of the music
device 1 is not a passive consumer of the audio signal
13. The user is actively interacting with the music device
1 and controlling the audio processing by means for in-
teracting with the user interface element 2. The inputs
and outputs to the user interface element 2 are in a mir-
rored relation to either side of the interface. On one side,
a sensor 8 is receiving a superposition of the user input
4 and the drive of the actuator 7. On the other side, the
user is receiving haptic feedback at the time of user input
4 which is again a superposition of the user input 4 and
the drive of the actuator 7 including the haptic effect 9.
To be exact, there is a third component of the movement
received by the user and sensor, namely the passive
mechanical continuation of the rotation from the conser-
vation of rotational energy. On the machine side of the
picture, sensor 8 and actuator 7 are connected to the
haptic rendering processor 10. The haptic rendering
processor 10 affects both the visual processor 18 and
the audio processor 14, which are each connected to
their respective outputs. The haptics rendering processor
10 may receive as inputs data 12 including mode 23 and
haptics settings 11. In the haptic feedback loop, haptic
effects 9 are the result of a user input 4 which is detected
by the means for detecting a user input 8 as part of the
movement of the rotatable user element 2 and processed
by the haptic rendering processor 10. The processing of
the haptic rendering processor 10 depends on its inputs
including the mode 23. The generated haptic effect 9 is
sent to the actuator 7 which is driving the movement of
the user interface element 2.
[0077] Fig. 5 shows in a further aspect different modes
of an inventive music device according to the invention
as an addition to any embodiment of the invention utilizing
mode selection and touch sensor 3. The user can access
a mode selection element 24 to select the mode 23 of
the device 1. There may be four modes 23 available in
this embodiment: a jog mode, a turntable mode, a grid
mode, and an audio mode. More modes are of course
possible. The selected mode 23 determines how the hap-
tic rendering processor 10 reacts to a user input 4. On a
deeper level, the turntable mode may contain four differ-
ent sub modes, in which the haptics rendering processor
10 generates a different drive signal and renders different
haptic effects to this drive signal. Theses turntable sub
modes have in common, that the angular velocity of the
rotatable user interface is proportionally mapped to the
processing speed of the audio processing unit 14. Where
the processing of the audio signal 13 is playback of an
audio signal 13, the angular velocity of the rotatable user
interface element 2 is mapped to the playback speed.
The angular velocity of the rotatable user interface ele-
ment 2 is measured by a sensor as means for detecting
a user input 8, then preferably smoothed over time by a
processor 10 to avoid stutter in the playback, and finally
converted to the processing speed for the audio process-
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ing unit 14. In turntable mode, the device can be set to
a "motor: ON" mode in which the drive signal is continu-
ously regulated in a control loop with the measured an-
gular velocity. For a set reference speed, again techni-
cally an angular velocity value like 45 revolutions per
minute, the detected effective angular velocity is com-
pared to this reference speed and depending on the dif-
ference; the drive signal is adjusted accordingly. Where
the drive signal is a torque signal, the torque value is
increased for speeding up towards the reference speed,
and the torque value is decreased for slowing down. In
this mode 23, without user interference, the rotation of
the interface element 2 will stabilize at the reference
speed. The behaviour of the user interface element 2 to
a user input 4 may optionally depend further on the po-
sition of the user input 4 on the surface of the interface
element 2. A user input 4 to the top surface 16 will be
detected by the touch sensor 3, thus the haptic effect 9
generated by the haptic rendering processor 10 can be
specific for this part of a turntable emulation, for instance
and not limiting the emulation of an interaction with a vinyl
disk which is coupled by friction to a driven turntable plat-
ter, and where the vinyl disk will furthermore perform a
slipping motion relative to the platter. For the vinyl inter-
action emulation, emulated inertia and emulated damp-
ing are low, and the rotatable user interface element 2
will follow the user input 4 easily, allowing very dynamic
movements like scratching techniques popular in some
genres of DJing. A user input 4 to the side surface 17
however will not trigger a detection by the touch sensor
3, thus the haptic effect 9 generated by the haptic ren-
dering processor 10 can be different. For instance, a turn-
table emulation can be achieved, namely the emulation
of an interaction with the rim of a turntable platter. For
the platter interaction emulation, emulated inertia and
emulated damping will be high, and the rotatable user
interface element 2 will follow the user input 4 only reluc-
tantly and use higher torque to return to the reference
speed, allowing for more careful adjustments to the
movement of the rotatable user interface element 2 like
nudging small steps forward or backward. The device
can also be set to "Motor: OFF" mode, where the refer-
ence speed for the rotation is set to zero. Again, this
mode 23 has the same or similar haptic effects 9 for a
light vinyl interaction for a user input 4 to the top surface
16 and a heavy platter interaction for a user input 4 to
the side surface 17. The user can switch between "Motor:
ON" and "Motor: OFF" using a start/stop selector input
element 25. The user can adjust the reference speed
using a reference speed control input element 26. Tran-
sitions between these mode changes and reference
speed changes are also rendered by the haptic rendering
processor 10 to emulate characteristic starting or break-
ing behaviour of a turntable.
[0078] Fig. 6 shows a schematic representation of a
turntable mode and associated gestures according to the
invention which is adding the functionality of haptic ges-
tures to the haptic feedback music device 1. Simple hap-

tic feedback is the immediate behaviour of the user in-
terface element 2 to a user input 4. In more advanced
functionality, the haptic rendering processor 10 can proc-
ess complex or enduring user input 4 detected by means
for detecting a user input 8 as a characteristic user input.
According to a mode 23, the haptic rendering processor
10 will recognize this characteristic user input 4 and gen-
erate a corresponding haptic effect 9 which is included
in the drive signal of the actuator 7, and may be also used
to change the mode 23. Extending for instance the ex-
ample of the fifth preferred embodiment of the invention,
Fig. 6 also shows three gestures for a turntable mode. A
starting gesture is only active in "Motor: OFF" sub mode.
In this mode the reference speed is zero and without a
user input 4 the user interface element 2 does not rotate.
Is a characteristic user input 4 recognized by a gesture
recognition unit 20, for instance as a movement of the
user interface element 2 in clockwise direction, which is
the natural rotation direction of a turntable, preferably
over a defined minimum angular segment in a certain
time, the motor is turned on. Now the haptic rendering
processor 10 will react to the mode change and render
a starting behaviour of the user interface element 2 to-
wards the reference speed, possibly during a continued
user interaction with the user interface element 2. A back-
spin gesture is available in turntable mode in "Motor: ON"
sub mode. A characteristic user input 4 to the top surface
16 is recognized as a fast reverse movement against the
direction of the reference speed and this movement is
passing a certain angular segment in a certain time. In
an actual backspin on a turntable, the coupling between
vinyl and platter is effectively only dynamic friction and
the driven movement becomes de-coupled. Thus, in the
haptic effect 9 following the recognition of a characteristic
backspin user input, is not a fast return to the reference
speed, but rather the emulation of the inertia and behav-
iour of a light freely spinning disk. After some time, the
return to the reference speed is also emulated by the
haptic rendering processor 10. Alternatively, the motor
is stopped and the user interface element 2 spins out
with an emulated damping. Fig. 7 shows a schematic
representation of audio signal aspects according to the
invention. An audio signal 13 can be represented as a
waveform, which is the plot of signal amplitude over time,
where for a digital audio file the time axis is actually dis-
crete, divided in samples. In a preferred embodiment of
the invention the audio signal 13 is associated with pa-
rameters of the audio signal 13 which are related to points
in time of the audio signal’s original time axis. These time
position markers can be references to the musical phras-
ing or measure in the audio signal 13, for example the
beat division of a song. The sum of all beat dividers of a
song, like a metronome for timing, forms the so called
beat grid, which is not necessarily regularly spaced over
the entire audio signal 13. Manually placed markers for
suitable entry points in timeline of an audio signal 13 are
called cue points, and in DJing often hotcues. In a pre-
ferred embodiment of the invention, the audio processor
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14 is playing back the audio signal 13 at a processing
speed, which can differ from the audio signals original
speed for faster or slower playback. Time position mark-
ers as parameters of the audio signal 13 are also proc-
essed at the same processing speed. Whenever a time
position marker, for example a beat in the beat grid or a
hotcue, is passed, this event is detected and the detection
is received by the haptics rendering processor 10. A hap-
tic effect 9 is generated by the haptic rendering processor
10 and included into the drive signal to the actuator 7
which is exerting the haptic effect 9 to the rotatable user
interface element 2. During user input 4 this haptic effect
9 will be experienced by the user, alerting the user of the
event. This is particular useful for finding cue points when
browsing fast through an audio signal 13. Additional hap-
tic effects 9 like the emulation of the rotatable elements
2 movement are generated in the haptic feedback loop
from the rotatable user interface element 2 via means of
detecting a user input 8 to the haptic rendering processor
10. These other haptic effects 9 can be superposed with
the haptic effects 9 of the parameters of the audio signal
13 as they can be included together in the drive signal
to the actuator 7. The haptic effects 9 for passing a tick
of the beat grid or a hotcue can be emulated damping or
a vibration of the rotatable user interface element 2.
[0079] Fig. 8 shows a schematic representation of an
eighth preferred embodiment of the invention. The rotat-
able user interface element 2 is shaped like a wheel ro-
tating around an axis of revolution 5. A part of the wheel
2, which is above the surface of a music device 1, is
accessible to a user input 4. In a preferred embodiment
of the invention, the axis of revolution is placed parallel
to the surface of the music device 1 and also below the
surface of the music device 1. In a preferred embodiment
of the invention, the rotatable user interface element 2 is
shaped as only a segment of a wheel, which would then
only allow a movement range limited to a fraction of a full
revolution. The rotational movement of the rotatable user
interface element 2 is driven by an actuator 7 and a signal
for the movement of the user interface element 2 is re-
ceived by the haptic rendering processor 10, which gen-
erates a haptic effect 9 to be included in the drive signal
of the actuator 7. One application for the eighth preferred
embodiment of the invention would be the use as a haptic
pitch bend or modulation wheel as left-hand expression
controller on a music device with keys, especially a con-
troller keyboard. In such an application, the audio signal
13 would typically be the result of a different input, to be
specific by playing the keys of the keyboard with a hand.
In a likely fully digital implementation of such an applica-
tion, both generation and processing 14 could be part of
a single sampler or synthesizer engine, where sampler
generate sound from existing audio signal 13 and syn-
thesizers create the audio signal 13 from miscellaneous
processes.
[0080] To conclude, a music device with a rotatable
haptic user interface element is provided extended with
a motor. The construction is preferably still a one-part

user interface element but can nevertheless be operated
by a DJ similar to a turntable. By utilizing, in a preferred
embodiment, a touch sensor in conjunction with force
feedback an illusion of two mechanically different behav-
ing parts is presented. The user interface element can
be driven to rotate at certain, constant speed. Its haptic
character can be varied by the user and includes options
for emulated damping, inertia, vibration, and rotation pa-
rameters. Also other contextual information can be ren-
dered haptically. Different modes 23 of the music device
can be defined to influence the rendering of a haptic effect
9. Haptic gestures can be defined to select the different
modes 23 or to alter the rendering process and the data
to be haptically rendered.
[0081] It is clear from the description that the embod-
iments are interrelated and not meant to replace each
other. Rather, the embodiments show aspects of the in-
vention which could be present in any one of the embod-
iment.
[0082] While this invention has been described in con-
nection with what is presently considered to be practical
exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifi-
cations and equivalent arrangements included within the
scope of the appended claims.
[0083] List of reference signs

1 haptic feedback music device
2 rotating user interface element
3 touch sensor
4 user input
5 axis of revolution
6 second actuator
7 actuator
8 means for detecting a user input
9 haptic effect
10 haptic rendering processor
11 haptics settings
12 further input data for haptic rendering processor
13 audio signal
14 audio processing unit
15 audio output
16 top surface
17 side surface
18 visual rendering processor
19 visual output element
20 gesture recognition unit
23 mode
24 mode selector
25 start/stop selector
26 reference speed control

Claims

1. A haptic feedback music device (1) comprising:
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a rotatable haptic feedback user interface ele-
ment (2) coupled to an actuator (7) configured
to actively drive the user interface element (2),
at least one means for detecting a user input (8),
an audio processing unit (14) adapted to proc-
ess an audio signal (13) according to the detect-
ed user input (4) and to output the audio signal
(13) via an audio output (15),
characterised in that
a haptic rendering processor (10) is provided
coupled to the means for detecting a user input
(8), the actuator (7) and the audio processing
unit (14), wherein the haptic rendering proces-
sor (10) is adapted:

to receive as input the detected user input
(4),
to generate a haptic effect (9) based on the
received input, and
to output a drive signal to the actuator (7),
the drive signal including the generated
haptic effect (9) such that a haptic feedback
is generated at the user interface element
(2).

2. The device of claim 1, wherein the user interface
element (2) is directly coupled to the actuator (7),
and consists of a single part or an assembly of parts
provided without any relative movement of its parts
with respect to each other such that all parts of the
assembly always perform the same rotational move-
ment resulting form the direct coupling to the actuator
(7).

3. The device of claim 2, wherein the haptic rendering
processor (10) is adapted to receive as further input
at least one of:

the audio signal (13) being processed,
user adjustable parameters of the audio-signal
(13),
user adjustable parameters of the processing of
the audio-signal (13),
user adjustable haptic settings (11) for rendering
a haptic effect (9), and
mode selection information.

4. The device of any one of the previous claims, further
comprising a haptic gesture recognition unit (20) to
map the detected user input (4) to pre-defined haptic
gestures, wherein

the haptic rendering processor (10) is adapted
to render a specific haptic effect (9) based on
the recognized haptic gesture, and/or
the device (1) is adapted for selection of a spe-
cific device mode (23) or to alter a specific haptic
setting (11) based on the recognized haptic ges-

ture.

5. The device of claim 4, wherein the haptics gesture
is a backspin gesture and the corresponding user
input (4) is a fast movement in reverse direction with
respect to a reference speed and direction, wherein
the associated haptic effect (9) is an emulated inertia
for a continued spinning of the user interface element
(2) in reverse direction.

6. The device of claim 4, wherein the haptics gesture
is a tempo gesture and the corresponding user input
(4) is a pronounced movement in direction or oppo-
site to a reference speed and direction in order to
speed up or slow down an effective speed of the user
interface element (2) for a pre-defined time, and
wherein the haptic effect (9) is an adjustment of the
rotation speed towards the effective speed during
the user input (4), preferably averaged over a pre-
defined time before the user input (4) ends.

7. The device of claim 4, wherein the haptics gesture
is a starting gesture where the initial rotation speed
of the user interface element (2) is zero and the cor-
responding user input (4) is a movement of the user
interface element (2) in clockwise direction, wherein
the associated haptic effect (9) is sending a start
signal to the haptics rendering processor (10) result-
ing in a continuation of the rotation towards a non-
zero reference speed.

8. The device of any one of the previous claims, where-
in the haptic effect (9) results from an alteration of
the drive signal applied to the actuator (7), preferably
from an application of at least one of a speed mod-
ulation of the actuator (7), a torque modulation, an
emulated inertia, an emulated damping, emulated
springs or emulated boundaries.

9. The device of any one of the previous claims, where-
in at least a part of one surface of the user interface
element (2) comprises a touch sensor (3) coupled
to the haptic rendering processor (10) for detecting
a touch input of user, preferably the touch sensor (3)
being arranged on a top surface (16) of the user in-
terface element (2) or a side surface (17) of the user
interface element.

10. The device of claim 9, wherein haptic rendering proc-
essor (10) is adapted to generate different drive sig-
nals if a surface having the touch sensor (3) is
touched or a surface not having the touch sensor (3)
of the user interface element (2) is touched.

11. The device of claim 3, wherein a selected mode (23)
of the music device (1) is a turntable mode, and the
haptic rendering processor (10) is configured to drive
the actuator (7) towards a reference speed in a con-

21 22 



EP 3 617 848 A1

13

5

10

15

20

25

30

35

40

45

50

55

trol loop, wherein the effective speed of the user in-
terface element (2) is continuously mapped to the
processing speed of the audio signal (13).

12. The device of claim 3, wherein a selected mode (23)
of the music device (1) is a jog mode, wherein the
initial drive signal to the actuator (7) is zero, and the
haptic rendering processor (10) is configured to gen-
erated a haptic effect (9) based on emulated friction,
emulating damping and emulated inertia applied to
the drive signal of the actuator (7) upon a user input
(4) to the user interface element (2).

13. The device of claim 3, wherein the haptic rendering
processor (10) is configured to receive hot cue infor-
mation applied to the audio signal (13) or a beatgrid
of the audio signal (13) and to generate a haptic ef-
fect (9) such that if a hotcue or a beatgrid is passed
in the audio signal (13), a corresponding haptic effect
(9) is provided to the user interface element (2), pref-
erably the haptic effect (9) being a detent or direction
depending damping.

14. The device of any one of the previous claims, where-
in the haptic rendering processor (10) is configured
to alter a beatgrid of the audio signal (13) upon a
user interaction applied to the user interface element
(2).

15. The device of any one of the previous claims, where-
in the means for detecting a user input (8) is a means
for detecting movement of the user interface element
(2), preferably a means for detecting rotational po-
sition and/or angular velocity of the user interface
element (2).

16. The device of any one of the previous claims, where-
in the user interface element (2) has the shape

of a turntable platter with a circular top surface
(16) and an inclined side surface (17), the top
surface (16) of the user interface element (2)
being preferably mounted parallel to a surface
of the haptic feedback music device (1), or
of a wheel or wheel segment with an axis of rev-
olution parallel to a top surface (16) of a haptic
feedback music device (1).

17. The device of any one of the previous claims, further
comprising a visual rendering processor (18) cou-
pled to the haptic rendering processor (10) and/or
the audio processing unit (14), and at least one visual
output element (19) coupled to the visual rendering
processor (18) to visually represent at least one of
the generated haptic effect (9), parameters of the
audio signal (13), parameters of the processing of
the audio signal (13), haptic settings (11), and a
mode selection.

18. The device of any one of the previous claims, where-
in the device is a device (1) for playback of an audio
signal (13) and the processing of the audio signal
(13) relates to processing of a playback of an audio
signal (13).

19. The device of any of the previous claims, wherein a
second actuator (6) is provided to drive the user in-
terface element (2), and the haptic rendering proc-
essor (10) is adapted to output a second drive signal
to the second actuator (6), preferably to render vi-
bration effects perpendicular to a rotational motion
of the user interface element.

20. A method of controlling music comprising:

processing an audio signal (13) by and audio
processing unit (14),
providing a rotatable haptic feedback user inter-
face element (2) rotatable by an actuator (7),
applying a user input (4) to the user interface
element (2),
detecting a user input (4),
inputting to a haptic rendering processor (10)
the detected user input (4) and data associated
with the audio signal (13),
generating a haptic effect (9) by the haptic ren-
dering processor (10) based on the revived in-
put, and
outputting a drive signal to the actuator (7)
through the haptic rendering processor (10), the
drive signal including the generated haptic effect
(9) such that a haptic feedback is generated at
the user interface element (2).
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