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motor, a suitable additional signal is generated and overlaid
on the motor actuating signal when the motor actuating signal
is transmitted to the motor.
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METHOD AND DEVICE FOR OPERATING AN
ELECTRIC MOTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a U.S. National Stage Applica-
tion of International Application No. PCT/EP2010/068743
filed Dec. 2, 2010, which designates the United States of
America, and claims priority to German Application No. 10
2009 056 784 .4 filed Dec. 3, 2009, the contents of which are
hereby incorporated by reference in their entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the operation of
electric motors and in particular a method of operating an
electric motor, in which a motor drive signal is generated and
transferred to the motor directly or indirectly (via a motor
driver).

BACKGROUND

[0003] Noise occurring during such a mode of operation is
perceived as particularly disturbing in many areas. This par-
ticularly applies to the area of vehicle technology for operat-
ing noise of electromechanically driven vehicle components
(e.g. electric window lifters) or electrohydraulically driven
vehicle components (e.g. automatic hood of a cabriolet). In
order to reduce this interference noise, the electric motors are
often mounted on elastic elements for damping a transfer of
noise in solids and/or are at least partly encased in sound
damping, the latter often together with parts of a drive mecha-
nism (e.g. a gearbox). Such insulation devices are particularly
suitable for attenuating higher frequency components in the
spectrum of the noise. For lower frequencies such insulation
devices are large, bulky and expensive.

[0004] From the prior art, moreover, the method of the
controlled compensation of background noise by active
superposition of noise with opposite phase (antinoise) is
known. Such active noise attenuation is described e.g. in U.S.
Pat. No. 4,677,677 and EP 0 471 290 B1.

[0005] However, the range of applications of such active
systems for noise suppression, frequently also known as ANC
(“Active Noise Cancellation”) systems, is limited in practice.
[0006] Apart from the cost of assembly or placement of a
device for the active generation of antinoise (loudspeaker),
there is a serious fundamental problem in that destructive
interference of background noise and antinoise can usually
only be achieved for more or less small geographic areas, but
not for a long-range environment around the relevant noise
sources. Thus such known active noise suppression systems,
for example, are hardly suitable for compensation of the
operating noise of an electric window lifter in the entire
passenger compartment in a motor vehicle. A practical appli-
cation also fails in this case because a sound sensor that is
required for this purpose (microphone) cannot be arranged in
a position (e.g. on a passenger’s head), which would be par-
ticularly suitable for optimal operation of the system. Finally,
the functionality of known active noise suppression systems
is also adversely affected by the quite frequently occurring
circumstance that there is not only one well localized sound
source, but multiple spatially distributed sound sources. In
this case, in particular mechanical transmission devices are to
be considered, which are driven by the electric motor con-
cerned and are therefore arranged after it.
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SUMMARY

[0007] Inone embodiment, a method of operating an elec-
tric motor is provided, in which a motor drive signal is gen-
erated and transferred to the motor or a motor driver, wherein
an auxiliary signal suitable for reducing noise generated by
motor operation is generated and superimposed on the motor
drive signal during its transfer to the motor or to the motor
driver.

[0008] Ina further embodiment, the auxiliary signal is gen-
erated using a sound signal detected by means of a sound
sensor. In a further embodiment, the auxiliary signal is gen-
erated using a vibration signal detected by means of a vibra-
tion sensor. In a further embodiment, the auxiliary signal is
generated using the motor drive signal and/or a signal corre-
lated with it. In a further embodiment, the manner of using the
motor drive signal or the signal correlated with it during the
generation of the auxiliary signal is varied depending on at
least one motor operating parameter. In a further embodi-
ment, the motor is a DC motor. In a further embodiment, the
motor drive signal is transferred to a PWM motor driver,
which generates from it a PWM voltage to be transferred to
the motor.

[0009] Inanotherembodiment, an apparatus is provided for
implementing any of the methods disclosed above, the appa-
ratus comprising a drive device for generating a motor drive
signal and a drive path for transferring the motor drive signal
to an electric motor or to a motor driver, and a controller for
generating an auxiliary signal and a superimposition device
arranged in the drive path for superimposing the motor drive
signal and the auxiliary signal.

[0010] In a further embodiment, the apparatus also com-
prises a sensor for detecting a sound signal, on the basis of
which the controller generates the auxiliary signal.

[0011] Inanother embodiment, an adjustment arrangement
for a vehicle includes the following features: an automatically
operable vehicle component; an electric motor, which inter-
acts mechanically with the vehicle component to actuate it;
and an apparatus as claimed in one of the claims 8 or 9 for
driving the electric motor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Example embodiments will be explained in more
detail below with reference to figures, in which:

[0013] FIG. 1 a block diagram of an example system for
operating an electric motor, according to one embodiment,
[0014] FIG. 2 arepresentation for illustration of interfering
noise generation through the operation of the electric motor
of FIG. 1, and

[0015] FIG. 3 arepresentation for illustration of a reduction
of generated interfering noise, according to an example
embodiment.

DETAILED DESCRIPTION

[0016] Some embodiments provide a novel way to reduce
interference noise generated by motor operation, whereby the
solution may be suitable, e.g., for long-range noise suppres-
sion and for applications with spatially distributed interfer-
ence noise sources.

[0017] In some embodiments, an auxiliary signal suitable
for reducing noise generated by motor operation is generated
and superimposed on the motor drive signal during its transfer
to the motor.
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[0018] Certain embodiments make use of the concept that
the already present electric motor is not exclusively used for
drive purposes, but also as an “actuator” in order to achieve
noise suppression by suitable control of this actuator. In this
respect, certain embodiments are similar to known active
noise cancellation systems, but in contrast to such systems,
require no (loudspeaker) device for generating antinoise.

[0019] Further, in some embodiments, the “actuator” used
for noise reduction also requires no electrical cabling,
because the control signal provided for actuator operation is
simply superimposed as an “auxiliary signal” on the actual
motor drive signal. The auxiliary signal is thus transferred
together with the motor drive signal without any extra cost
over an already present electrical cable system to the motor
(or motor driver).

[0020] Moreover, in some embodiments, the interference
noise can already be counteracted at the original location of
its generation (electric motor), so that on the one hand a
particularly long-range noise suppression can already be
implemented according to the physical principle, and on the
other hand the otherwise present problem of spatially distrib-
uted noise sources is also reduced. That is to say, if the electric
motor is already generating less noise, especially noise in
solids, then this correspondingly reduces the stimulation of
vibrations in downstream mechanical components (e.g. a
gearbox or similar), even before these vibrations can cause
particularly disturbing airborne sound generation.

[0021] In contrast to a conventional ANC system with a
separate actuator for the generation of antinoise, embodi-
ments disclosed herein allow such a separate actuator to be
dispensed with and the electric motor itself can be used as the
actuator. Here the noise spectrum can be cancelled, by super-
imposing the auxiliary signal, e.g., selectively for single fre-
quencies where otherwise a disturbing resonant noise devel-
opment would occur.

[0022] Drive motors are frequently operated by means of a
PWM drive. According to certain embodiments the option
can be used here to superimpose an alternating signal on the
normal drive voltage for operating the motor, which is gen-
erated in such a way that a reduction occurs in the emitted
operating noise. In one embodiment this superimposition
already takes place before the PWM motor driver. For
example, PWM motor drivers are known to which an analog
voltage value is input as a motor drive signal, which defines
the PWM duty cycle of the PWM motor drive signal (PWM
voltage) to be output from the PWM motor driver then to the
motor. Here the auxiliary signal can therefore be superim-
posed as early as on the input signal of the motor driver.

[0023] However, it cannot be ruled out that in some
embodiments, even in the case ofthe use of a motor driver, the
superimposition only takes place after this motor driver. Fora
PWM drive of the above-mentioned type this would mean
that the auxiliary signal (auxiliary voltage) is superimposed
on the PWM motor drive signal (PWM voltage) output by the
PWM motor driver.

[0024] There are various possibilities for the specific man-
ner of generation of the auxiliary signal.

[0025] An objective of the generation of the auxiliary signal
includes taking into account the electromechanical transfer
function of the “actuator” implemented by the electric motor,
i.e., the characteristic of the conversion of the auxiliary elec-
trical signal into “auxiliary mechanical signals or vibrations”,
generating an auxiliary signal that causes at least partial com-
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pensation of the unwanted mechanical signals or vibrations
caused by the drive signal, which is provided essentially only
to drive the electric motor.

[0026] Against this background, during the generation of
the auxiliary signal it can be advantageous, e.g., to resort to a
measure that is known as such with conventional active noise
suppression systems. In an embodiment relevant to this, it is
provided that the auxiliary signal is generated using a sound
signal detected by means of a sound sensor.

[0027] The sound sensor can be arranged, e.g., in the vicin-
ity of the electric motor or the electromechanical or electro-
hydraulic drive that is formed by it, in order to thus produce a
sound sensor signal that is representative of the superimpo-
sition of the airborne sound components at the location of the
sound sensor, which on the one hand are generated by the
motor drive signal and on the other hand by the auxiliary
signal, taking into account the transfer function from the
electrical input of the electric motor to the location of the
sound sensor. The sound sensor signal can then control or
influence the generation of the auxiliary signal via feedback,
so that the interference noise is minimized. In this way sound
sensor signals originating from several sound sensors can also
be used.

[0028] In some embodiments the auxiliary signal may be
alternative or additionally generated using (at least) one
vibration signal detected by means of a vibration sensor.

[0029] In this case, the (at least one) vibration sensor may
be arranged on a component of the electric motor, such as, for
example, a housing section of the motor or a bearing section
for supporting a rotor of the motor. Alternatively or addition-
ally, at least one vibration sensor can also be arranged in the
vicinity of a gearbox of an electromechanical drive arranged
after the electric motor. As previously explained for the sound
sensor signal or signals, a detected vibration signal can like-
wise be used in the context of feedback for controlling the
generation of the auxiliary signal and thus for regulated mini-
mization of the interfering noise.

[0030] Insituations in which the interfering frequencies are
known previously, feedback can sometimes be completely
dispensed with.

[0031] Inthis respect, it is alternatively or additionally also
possible in the context of certain embodiments, e.g., that the
auxiliary signal is generated using the motor drive signal
and/or a signal correlated with it. If, for example, the motor
drive signal reaching the motor is provided as a PWM (pulse
width modulated) voltage signal, a signal correlated with it
can e.g. be formed from a drive signal (input signal) of a
PWM driver (e.g. inverter), which generates the PWM motor
drive signal.

[0032] Such an embodiment may provide that at least par-
tial compensation of the interfering noise takes place as early
as “at the electrical level” as it were, before the interfering
noise exists at all (first as a vibration or sound in solids and
then as airborne sound).

[0033] Forpractical implementation of this measure, a con-
troller may be provided, which generates an auxiliary signal
suitable for reducing the noise generated by the motor opera-
tion, based on the motor drive signal or the signal correlated
with it and using a defined algorithm (e.g. program con-
trolled). An algorithm suitable for this can be previously
determined, e.g., using a suitable mathematical model of the
interfering noise generation and/or in an experimental man-
ner.
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Inone embodiment it is provided that the motor is a DC motor
and/or the motor drive signal is generated as a PWM drive
voltage.
[0034] Especially when a PWM drive voltage is provided,
the motor drive signal or a signal correlated with it can be used
or taken into account during the generation of the auxiliary
signal. A PWM signal generally includes a time sequence of
PWM pulses, whose rising edges are e.g. arranged equidistant
in time.
[0035] During the operation of rotating electric motors
there is often unavoidably an interfering noise at an integral or
non-integral multiple of the motor revolution rate. Through
mechanical resonances, in particular close to the mechanical
components of the motor or the electromechanical or electro-
hydraulic drive formed by it, further vibration sound frequen-
cies and thus disturbance sound frequencies can be generated.
Once such mechanisms of disturbing sound generation are
known or can be determined for each specific construction by
modeling and/or experimentally, a suitable auxiliary signal
can then be readily generated with knowledge of the PWM
motor drive signal or generally the parameters of a current
PWM drive. An auxiliary signal is often useful which com-
prises, for example, a dominant frequency component at the
motor revolution rate. With the superimposition of the auxil-
iary signal and the motor drive signal, e.g., in a simple addi-
tive superimposition of voltage signals, the auxiliary signal
must be superimposed with the appropriate phase (e.g., phase
shifted relative to the revolution rate signal). If using the
motor drive signal or a signal correlated with it, alternatively
oradditionally also using certain motor operating parameters,
such as the already mentioned motor revolution rate, a motor
torque and/or similar, information relating to expected stimu-
lated vibration frequencies can be determined, the stimula-
tion of such vibrations can be counteracted by controlled
generation of the auxiliary signal with at least one of these
frequencies. For example, a PWM drive voltage of a motor
driver at such interfering frequencies (or a multiple thereof)
can be modulated by the auxiliary signal (with suitable ampli-
tude and phase), in order to inhibit the formation of at least
one such resonance or to at least strongly reduce it.
[0036] For implementing a method of the type described
above, an apparatus for operating an electric motor may com-
prise:

[0037] adrive device for generating a motor drive signal,

in particular a PWM voltage,

[0038] adrive path for transferring the motor drive signal
to a motor driver (or directly to a motor),

[0039]

[0040] a superimposition device arranged in the drive
path for superimposing the motor control signal and the
auxiliary signal.

[0041] According to another aspect, an adjustment arrange-
ment for operating an automatically operable vehicle compo-
nent, such as a vehicle window, sliding roof, external mirror
etc. may be provided with an apparatus as described herein.

[0042] FIG. 1 illustrates a system 10 for operating an elec-
tric motor 12, which together with a mechanical gearbox 14
connected after it forms an electromechanical drive for an
automatically operable vehicle component, such as e.g. a
vehicle window, a sliding roof, an external mirror, a vehicle
seat, a trunk lid etc. (not shown). Alternatively, the illustrated
components 12 and 14 can also represent e.g. an electropneu-
matic or electrohydraulic drive of a vehicle component.

a controller for generating an auxiliary signal and
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[0043] The system comprises a first controller 16, e.g. a
microcontroller, which generates a driver drive signal W for
driving a power amplifier or PWM driver 18.

[0044] Based on the drive signal W, the driver 18 generates
a PWM motor drive signal (voltage signal) Up, which is
transferred to the motor 12. In the illustrated embodiment, the
drive signal W is an analog voltage signal, whose value
defines the duty cycle of the signal Up to be output by the
PWM driver 18. The drive signal W is, however, not fed
directly to the input of the driver 18, but as a signal S, which
is formed by superposition in a drive path 20 between the
controller 16 and the driver 18, which will be discussed fur-
ther in detail below.

[0045] A motor armature current la is flowing, which is
converted into a driving torque at a rotor of the motor 12,
which in this case is e.g. in the form of a DC motor; said
driving torque opposes a load torque and thus causes a rotary
motion. The torque or the rotary motion is transferred to an
input of the gearbox 14. Mechanical vibrations are generated
in the vicinity of this mechanical transfer path and in the
vicinity of the coupling of a load torque Ml to the relevant (not
shown) vehicle component. Said generation is symbolized in
FIG. 1 by Block 22. The vibration itself is represented by a
vibration acceleration “av”.

[0046] The vibration av leads inevitably to sound genera-
tion (symbolized by Block 24) and thus to a noise generated
by the motor operation (symbolized by an acoustic pressure
Pv). Such noise Pv is perceived as disturbing by the passen-
gers of the vehicle involved.

[0047] Itis often a characteristic of the noise development
that discrete lines in the stimulation spectrum, e.g. caused by
load torque fluctuations of the electric motor or the coupled
mechanical apparatus, are amplified at another position in the
drive by resonance and output as airborne sound or sound in
solids.

[0048] Additional components of the system 10 are
described below as examples, with which a reduction of the
disturbance noise Pv is achieved in the illustrated embodi-
ment.

[0049] A second controller 26 is essential for this noise
reduction (which could be implemented by the first controller
16 or a functional part thereof), which generates an auxiliary
signal Us (voltage) and outputs it to a summation node 28
arranged in the drive path 20, so that the auxiliary signal Us is
additively superimposed on the motor drive signal W at this
summation node 28 and the signal S resulting from this super-
imposition is fed to the electric motor 12 via the PWM driver
stage 18.

[0050] Inthe illustrated embodiment, the resulting signal S
is a DC voltage signal W proportional to the effective motor
voltage, on which an AC voltage signal Us with significantly
smaller amplitude is superimposed.

[0051] The resulting motor drive signal Up passing to the
motor 12, which is generated by the PWM driver 18, thus
includes a PWM—voltage signal, whose duty cycle or pulse
pause ratio is proportional to W, but is modulated in pulse
width in proportion to Us.

[0052] The amplitude of Us may be less than 20% of the
amplitude of S, and thus the modulation amplitude of the
PWM signal, which is proportional to Us, is likewise less than
20%.

[0053] The generation of the auxiliary signal Us suitable
for reducing the disturbance noise takes place in the illus-
trated embodiment as follows:
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[0054] Thenoise Pv emitted by the electromechanical drive
is detected by a microphone 30 that may be arranged in the
immediate vicinity of the drive and subjected as a microphone
signal to filtering by an (active or passive) filter 32. The
resulting low pass filtered signal is input to the controller 26,
which generates the auxiliary signal Us based on this input
signal.

[0055] As shown in dashed lines in FIG. 1, during this
generation of the auxiliary signal Us, a sensor signal repre-
sentative of the vibration av and/or a signal correlated with the
motor drive signal W can be used alternatively or additionally.
A vibration sensor can be used for this within the electrome-
chanical drive, for example.

[0056] Insummary, an already present motor driver (in this
case: PWM controller) is thus used with the system 10, with
which a mechanism is driven from the motor drive signal Up
(or W), which finally produces a vibration acceleration av that
is partly converted into an acoustic pressure Pv. The micro-
phone 30 is used to convert the acoustic pressure Pv of the
interfering vibration into an electrical signal, which may then
be filtered and fed to the controller 26 as a digital signal, e.g.,
in analog-to-digital converted form.

[0057] The controller 26 can in particular be designed to
implement a suitable adaptive control algorithm (in particular
adigital control algorithm), as is known, for example, as such
or at least in similar form, from the field of conventional
active noise cancellation systems (ANC systems). The typical
known ANC algorithms operate quasi-linearly: only one
interfering component is combated by superimposing a fre-
quency. In some embodiments, such algorithms can, how-
ever, be used advantageously in modified form, so that con-
trasting and improving nonlinear forms are conceivable, with
which, alternatively or additionally, harmonics and sub-har-
monics of a disturbing component can be suitably influenced,
whilst applying (PWM) control, e.g., at yet another fre-
quency.

[0058] In particular, the control algorithm can be designed
to minimize the mean power of the input signal fed to the
controller 26 in a defined spectral range, so that the acoustic
pressure Pv and the associated vibration stimulation in this
spectral range are also minimized.

[0059] Forthe specific design of the control algorithm to be
used, it is useful to start, at least “to a first approximation”,
from a typical conventional control algorithm, such as e.g. the
so-called LMS (“least mean square”) algorithm or its modi-
fications (e.g. Filtered-X LMS or RLS etc.), as also used in
conventional active noise reduction systems. Some embodi-
ments utilize a non-linear learning algorithm.

[0060] As already explained, alternatively to the acoustic
pressure Pv of the interfering noise, the vibration functionally
linked to the noise can already be detected and fed to the
controller 26 or to the filter formed by it.

[0061] With regard to the above-mentioned possibility of
using the motor drive signal W for the generation of the
auxiliary signal Us, the following implementation is possible,
for example: by an experimental reference measurement of
the interfering noise depending on a plurality of possible
motor drive signals W, and subsequent determination of a
respective auxiliary signal Us suitable for noise suppression,
a suitable control algorithm can be identified and, e.g., pro-
grammed into a controller 26 in the form of a microcontroller
or microcontroller functionality. Such an algorithm then pro-
vides the respective suitable generation of the auxiliary signal
Us during actual motor operation. It is in principle conceiv-
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able that sensor signals such as a microphone signal or vibra-
tion sensor signal can be dispensed with entirely.

[0062] The suitable auxiliary signal Us can especially be
generated by a certain number of spectral Fourier compo-
nents, each with a fixed magnitude and fixed phase, in order
thus to achieve a noise reduction without having to measure
and evaluate the interfering noise during motor operation.
The magnitudes and phases of the Fourier components can be
varied, e.g. depending on the motor drive signal or on a signal
correlated with it (e.g. a driver drive signal S or one or more
operating parameters of motor operation).

[0063] A control algorithm of this type provided indepen-
dently of an actual noise measurement during motor opera-
tion is explained below with reference to FIGS. 2 and 3.
[0064] FIG. 2 shows by way of example frequency spectra
of the vibration av arising during motor operation and the
interfering noise Pv resulting from it with deactivated noise
reduction (or for a system without the above explained com-
ponents for noise reduction). The motor drive results in a
series of stimulated vibration resonances at whose frequen-
cies there are therefore also significant lines in the spectrum
of' the interfering noise Pv.

[0065] FIG. 3 shows the situation with activated noise
reduction in an illustration corresponding to FIG. 2. Here the
controller 26 forms the auxiliary signal Us based on the input
signals, which in the example illustrated includes two discrete
lines in the frequency spectrum. The superimposition of this
auxiliary signal Us in the motor driver especially results in a
reduction of the corresponding lines in the stimulation spec-
trum of the vibration av. This in turn also reduces the stimu-
lation of other lines in the spectrum of the vibration av. This
effect illustrates the generally non-linear system behavior
(transfer function from Us to av). The reduction of other lines
in the vibration spectrum relates in the illustrated example
especially to integral multiples (harmonics) of the two fre-
quencies concerned. This consequently finally also results in
asignificant reduction of a plurality of lines in the spectrum of
the interfering noise Pv.

[0066] Finally it is to be noted that with systems according
to the invention of the type described above, in contrast to a
conventional ANC system, in which the interfering sound
arises first and is only then attenuated by superimposition
with the antinoise wave, the vibration can already be at least
partly compensated as it arises by an anti-vibration. More-
over, suppression as early as the emergence of a mechanical
vibration is also advantageously possible.

LIST OF REFERENCE NUMERALS

[0067] 10 system

[0068] 12 electric motor
[0069] 14 gearbox

[0070] 16 controller

[0071] 18 PWM driver

[0072] 20 drive path

[0073] 22 vibration generation
[0074] 24 sound generation
[0075] 26 controller

[0076] 28 summation node
[0077] 30 microphone

[0078] 32 filter

[0079] Up motor drive signal
[0080] Us auxiliary signal
[0081] av vibration acceleration
[0082] Pv acoustic pressure
[0083] ffrequency
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What is claimed is:

1. A method of operating an electric motor, comprising:

generating and transferring a motor drive signal to the

motor or to a motor driver; and

providing a controlled compensation of interference noise

generated by the motor by:

generating an auxiliary signal for antinoise; and

superimposing the auxiliary signal for antinoise on the
motor drive signal during the transfer of the motor
drive signal to the motor or to the motor driver.

2. The method of claim 1, whereby the auxiliary signal is
generated using a sound signal detected by means of a sound
Sensor.

3. The method of claim 1, wherein the auxiliary signal is
generated using a vibration signal detected by means of a
vibration sensor.

4. The method of claim 1, wherein the auxiliary signal is
generated using at least one of the motor drive signal and a
signal correlated with it.

5. The method of claim 4, comprising varying the manner
of'using the motor drive signal or the signal correlated with it
during the generation of the auxiliary signal based on at least
one motor operating parameter.

6. The method of claim 1, wherein the motor is a DC motor.

7. The method of claim 1, comprising transferring the
motor drive signal to a PWM motor driver, which generates
from ita PWM voltage to be transferred to the motor based on
the motor drive signal.

8. An apparatus for operating an electric motor comprising:

a drive device configured to generate a motor drive signal

and a drive path for transferring the motor drive signal to
an electric motor or to a motor driver,

a controller configured to generate an auxiliary antinoise

signal, and

a superimposition device arranged in the drive path and

configured to superimpose the auxiliary antinoise signal
onto the motor drive signal.

9. The apparatus of claim 8, further comprising a sensor
configured to detect a sound signal, wherein the controller
generates the auxiliary antinoise signal based on the detected
sound signal.
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10. An adjustment arrangement for a vehicle, comprising:
an automatically operable vehicle component;

an electric motor that interacts mechanically with the
vehicle component; and

an apparatus for driving the electric motor and comprising:

a drive device configured to generate a motor drive sig-
nal and a drive path for transferring the motor drive
signal to an electric motor or to a motor driver,

a controller configured to generate an auxiliary signal,
and

a superimposition device arranged in the drive path and
configured to superimpose the auxiliary signal onto
the motor drive signal.

11. The apparatus of claim 8, further comprising a vibra-
tion sensor configured to detect a vibration signal, wherein
the controller generates the auxiliary antinoise signal based
on the detected vibration signal.

12. The apparatus of claim 8, wherein the auxiliary anti-
noise signal is generated using at least one of the motor drive
signal and a signal correlated with it.

13. The apparatus of claim 12, wherein the manner of using
the motor drive signal or the signal correlated with it during
the generation of the auxiliary antinoise signal is varied
depending on at least one motor operating parameter.

14. The apparatus of claim 8, wherein the motor is a DC
motor.

15. The apparatus of claim 8, further comprising a PWM
motor driver configured to receive the motor drive signal and
generates from the motor drive signal a PWM voltage to be
transferred to the motor.

16. The apparatus of claim 8, wherein the auxiliary anti-
noise signal is generated without the use of a sound or vibra-
tion sensing device.

17. The method of claim 1, comprising generating the
auxiliary antinoise signal without the use of a sound or vibra-
tion sensing device.



