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(54) A DEVICE FOR ACTIVE ATTENUATION AND CONTROL OF AMBIENT NOISE

(57) An active ambient noise attenuation and control
device, which operates selectively by generating an am-
bient noise attenuation signal with 180° phase shift of the

detected noise and, furthermore, means correcting the
signal generated by the feedback of a residual noise sig-
nal.
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Description

Sector of the invention

[0001] The invention relates to a device for the active
attenuation and control of noise sources and in particular
a device for reducing the ambient noise in workplaces.

Prior art

[0002] It is known that, particularly in workplaces, noise
produces significant damage to hearing, sometimes only
detectable after many years, and that, although not being
a direct cause of death, serious accidents have occurred
in which the noise present in the work environment did
not allow the prevention of the event. Detailed noise anal-
ysis carried out in factories, on critical workstations, re-
vealed noise levels between 85 and 87 dB.
[0003] Such levels lead to social costs related to noise,
which determines a deterioration in the quality of life,
while costs related to occupational diseases arise in the
long term.
[0004] Personal protective equipment ("PPE") is used
to deal with these problems. However, it is a costly pal-
liative that enterprises adopt essentially to comply with
legal requirements, but which have little impact on the
wellbeing of workers.
[0005] It is also known that technological evolution in
digital signal and information management has now led
to the development of active electronic noise reduction
systems by virtue of real-time adaptive algorithms.
[0006] At present, however, electronic noise suppres-
sion systems are known which are available only for par-
ticular applications but are functionally critical when ap-
plied in a wider range of applications, highlighting limits
in achieving and maintaining the results in terms of noise
attenuation.
[0007] The technological limitations, in addition to lim-
ited social and cultural sensitivity, have limited the devel-
opment of electronic noise suppression systems over the
years, in practice favoring their application mainly in
headphones and luxury cars.
[0008] Therefore, there is a need for an active noise
reduction system, particularly in workplaces.

Object of the invention

[0009] It is a first object of the present invention to over-
come the limits of the solutions available today and to
suggest a device for active noise reduction capable of
generating an opposite sound relative to the ambient
noise source, thus reducing the perceived disturbance.

Summary of the invention

[0010] For these and other objects, a device was
achieved for the active attenuation and control of noise
according to any one of the appended claims.

[0011] According to a first aspect of the invention, the
device works selectively by generating an ambient noise
attenuation signal with 180° phase shift of the detected
noise and also, by means of feedback of a residual noise
signal, to correct the generated signal.
[0012] A first advantage of the invention is in that the
device can ensure the correction of errors in the gener-
ated attenuation signal relative to the noise present,
thereby solving the safety problems in work contexts re-
lated to the presence of noise also in dynamic conditions.
[0013] A further advantage of the invention is in that
the signals detected by the device can allow, either di-
rectly or through the network, optimizations in the oper-
ation of machines present in the working environment
with benefits on energy consumption, detection, and sig-
naling of working anomalies which could compromise
both product quality and machine reliability.
[0014] Furthermore, an advantage of the invention is
that it can be configured to adapt to various applications,
even the most complex, in both the industrial and service
sectors.
[0015] A further advantage of the invention is in the
possibility of providing a vibration sensor and to intercon-
nect on Ethernet network (or as WiFi, RS232 option, etc.),
allowing the control of further parameters and the con-
nectability in 4.0 enterprise networks, allowing an enter-
prise resource planning system connected to the device
(either on enterprise or machine level) to emit signals or
to induce useful corrections to the provided processes.
[0016] For example, in case of vibrations, the enter-
prise resource planning system can signal or implement
a different automatic processing mode.
[0017] Furthermore, in case of machines that produce
vibrations, such as presses, the presence of a vibration
control makes it possible to highlight, e.g. if the processed
product is not ejected, a different noise that is linked to
the presence of the residual piece. Therefore, in auto-
matic operation, the machine stops thus avoiding dam-
ages and warns, through the enterprise resource plan-
ning system, that the machine has stopped even when
there is no operator. Another application is that of ma-
chine tools, in which, in case of tool wear, the vibrations
change, and through the suggested system it is possible
to detect and highlight the anomaly with consequent sig-
naling to the operator and the product quality control be-
fore subsequent phases or delivery to the customer.
[0018] A further advantage of the invention consists in
the possibility of providing a modular structure which
makes it possible to install the device aftermarket.
[0019] A further advantage of the invention is in that
the device can be set to select the fundamental frequen-
cies of the noise source to manage signal generation
stably and avoid undesirable system operations which
could thwart the achievement of the results.

List of drawings

[0020] These and further advantages will be better un-
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derstood by a person skilled in the art from the description
that follows and the accompanying drawings, provided
by way of non-limiting example, in which:

- fig.1 diagrammatically shows a device according to
the invention;

- fig. 2 shows the flow chart of a possible attenuation
algorithm according to the invention.

Detailed description

[0021] With reference to the accompanying drawings,
a device for the active attenuation and control of ambient
noise according to the invention is described in Fig. 1.
The device comprises an ambient microphone 1 which
converts the detected ambient noise into a corresponding
electrical, analog, or digital signal.
[0022] The electrical signal coming from the micro-
phone is then shared and applied in parallel to various
band-pass filters, e.g. three filters 2, 3, 4, with configura-
ble frequency bands adaptable according to the noise
signal and its predominant frequencies.
[0023] Advantageously, the predominant frequencies
can be identified by means of preliminary ambient noise
measurement, performed with specific meters or with the
device itself used in ambient learning mode, followed by
spectral analysis of the noise itself, performable by the
same invention. The band-pass filters 2, 3, 4 are then
centered on the predominant frequencies identified so
that they can pass without appreciable attenuation, but
with the elimination of the noise and off-band compo-
nents which would cause errors in the exact identification
of the disturbance.
[0024] Although in various embodiments of the device,
the filters 2-4 can be either analog or digital, digital filters
are preferable because they are easier to reconfigure.
[0025] Phase shifters 5,6,7, also configurable, are con-
nected to the output of each band-pass filter and are
adapted to introduce a suitable phase on the correspond-
ing signal from each filter.
[0026] In particular, the phase to be introduced at the
output of the individual filters will preferably be either
equal or close to 180°, where the approximation takes
into account the phase shifts of the downstream circuits,
the phase shift as a function of frequency, and the spatial
propagation delay after the electro-acoustic conversion.
[0027] As for the microphone and filters, the phase
shifters can also be either analog or digital, providing they
are configurable.
[0028] After the filtering operation by means of the fil-
ters 2-4 and the introduction of the correct phase by
means of the phase-shifters 5-7, chosen according to the
features of the noise signal to be reduced, the individual
portions of the signal from the phase shifters are recom-
bined in a sum node 8, which may also be either analog
or digital.
[0029] The reproduced signal from the node 8 is then
applied both to a variable gain preamplifier 10 followed

by a first power amplifier 12 which drives the first loud-
speaker 14 and to a further configurable phase shifter 9
followed by a second amplification chain comprising a
second variable gain preamplifier 11 followed by a sec-
ond power amplifier 13 which drives a second loudspeak-
er 15.
[0030] The loudspeakers 14, 15, fed by the input sig-
nals filtered, rephased, and amplified according to the
features of the ambient noise detected by the microphone
1, thus emit an acoustic attenuation signal at the same
frequencies and in counter-phase to the original ambient
noise.
[0031] According to the invention, the remaining por-
tion of ambient noise is then measured in two or more
points by means of ambient feedback microphones
18,19, followed by the preamplification chain 17,20, and
the respective analog digital converters 16, 21 necessary
in case a digital control unit is chosen. Obviously, such
converters are not present in the case of analog control
units.
[0032] According to the invention, the signals from the
feedback microphones 18, 19, are received by a control
unit 23 (either analog or digital), which acquires and nu-
merically processes the signals.
[0033] The unit 23, which is connected at least to the
filters 2-4, the phase shifters 5-7 and 9, and the variable
gain preamplifiers 10-11, as shown by the dashed con-
nection lines in figure 1, is also in charge of controlling
of the phase and amplitude selection of the attenuation
signals, which is performed according to a control algo-
rithm suggested for this purpose.
[0034] Advantageously, the use of configurable band-
pass filters 2,3,4 makes it possible to apply and focus
the noise reduction algorithm on the frequency band
where it is predominant.
[0035] This makes it possible to optimize performance
by avoiding the generation of spurious signals, which
may constitute additional noise, in turn.
[0036] During operation, after having identified and se-
lected the frequency band(s) in which the noise is pre-
dominant, the system sets the correct phase on the
band(s) of interest to synthesize the correct signal to be
sent to the external loudspeaker 14, after the appropriate
amplification.
[0037] The signal produced in counter-phase relative
to the noise signal, either reduces it or cancels it com-
pletely.
[0038] The ambient microphones 18,19 measure the
residual noise level by providing information to the control
unit which dynamically and in real-time corrects the phas-
es on the individual bands, the output chain, and the sig-
nal amplitude to be applied on the main output 14.
[0039] The control unit selects microphones 18 or 19
according to the zone in which to focus the noise reduc-
tion. The number of such detectors may be arbitrary and
positioned at various points in the space of interest.
[0040] The section which ends with the loudspeaker
15 is used if it is necessary to cancel the ambient noise
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in a region of the space which is not orthogonal to the
main loudspeaker 14.
[0041] For this purpose, by carefully selecting the
phase shift 9 and preamplifier gain 11, it is possible to
change the direction of the noise attenuation wave.
[0042] The invention may also provide the use of a
higher number of outputs.
[0043] In a preferred embodiment, the device of the
invention further provides one or more vibration sensors
27 to be able to intervene on the corresponding machine
in the working environment, thus optimizing performance
in terms of energy and sound.
[0044] Advantageously, the device will be able to com-
municate via an IP 22 interface, with the possibility of
working in the Cloud and interacting operatively with oth-
er possible devices, either located in the same working
environment or remotely.
[0045] A communication port may also be present, e.g.
RS232-USB 24 and/or a WiFi module for wireless con-
nection 25.
[0046] The device may also interact with other systems
or machines using analog and/or digital input/output sig-
nals 26.
An attenuation algorithm usable according to the inven-
tion is described by way of example.
The suggested algorithm provides the following steps,
summarized in the flow chart in Fig. 2:

1) frequency analyzing the noise components
through an FFT (Fast Fourier Transform) on the sig-
nal from the microphone 1 performed by means of
the invention suggested in ambient learning mode;
2) identifying the predominant noise frequency com-
ponents, through the comparison with a predeter-
mined threshold of the modules of components cal-
culated in step (1);
3) setting the central frequencies of the band-pass
filters 2,3,4 by the control unit 23 according to the
analysis in step (2). In the numerical version, these
are FIR (Finite Impulsive Response) filters in which
the band is changed by changing the filter coeffi-
cients;
4) introducing a phase on each filtered line equal to
180° plus or minus a variable rate, the amount of
which is proportional to the amplitude of the compo-
nent of residual noise measured at that predeter-
mined frequency;
5) recomposing as a sum 8 of the signals from the
branches 2,3,4 to generate an attenuation signal;
6) amplifying with variable gain 10 the attenuation
signal followed by power amplification 13 to drive the
ambient loudspeaker 15;
7) acquiring the residual noise through the micro-
phone 17;
8) processing the residual noise in step (7) by means
of the control unit 23. Such processing, preferably
carried out numerically, consists of a further frequen-
cy analysis using an FFT algorithm adapted to iden-

tify both the amplitude and phase of the residual
noise frequency components. Said components, in
stationary state, have frequencies similar to those
selected as the central frequencies of the band-pass
filters of step (3). If the difference between the fre-
quencies identified in step (1) and those identified
on the residual noise is greater than a predefined
threshold, the control unit varies the central frequen-
cies of the filters in step (3). In any operating case,
such variation occurs with a time constant which is
much slower than the typical processing time in the
perspective to avoid the instability of the algorithm;
9) defining, by the control unit, the correct phases of
the phase shifters 5,6,7 of the step (4) and of the
amplification factor 10.

The addition or subtraction of a phase delta relative to
the 180° of step (4) corresponding to the i-th bandpass
line is proportional to the amplitude of the corresponding
residual noise harmonic of steps (7) and (8). The gain
coefficient G, 10 is calculated according to the amplitude
of the residual noise signal measured at step (7).
[0047] In an advantageous aspect of the invention, the
described device allows the optimization of the perform-
ance of the machines for industrial use operationally con-
nected to it, with an increase in their reliability, the reduc-
tion of energy consumption, the increase in industrial pro-
ductivity as well as the reduction of noise produced in
the working environment.
[0048] By virtue of the possibility of interfacing the de-
vice with the machines involved in the production proc-
esses, the device itself can operate as a process interface
to the enterprise resource planning system.
[0049] Indeed, the analysis of noise and vibration is
useful information for controlling both the production
process, e.g. to highlight drifts from the correct operation
of the machine and/or machining tools. Furthermore, by
interfacing the device which is the object of the invention
appropriately with the machine, it is possible to optimize
the working conditions and, given the network connec-
tion, to interface the machine itself in an industry 4.0 sys-
tem. The communication protocols will be of standard
type, such as MQTT or equivalent.
[0050] The components used and the construction log-
ic also allow both software and hardware components to
make the necessary configurations for optimizing and
adapting the device to the specific purpose of use.
[0051] The described invention thus achieves impor-
tant advantages.
[0052] A first advantageous aspect of the present in-
vention is that the control system, by being able to inter-
face both with the machines and with the enterprise re-
source planning system, can manage noise reduction
efficiently and reliably by interacting with the machines
and/or the enterprise network and makes it possible to
optimize the operation of the machines themselves also
relative to noise, and this both individually and in a more
complex context.
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[0053] Assuming an enterprise network, consisting of
multiple machines and associating a device which is the
object of the present invention with each machine, in ad-
dition to noise reduction, it is possible, through the en-
terprise resource planning system, to modulate the opti-
mal management of each machine to improve production
performance by reducing both noise and energy con-
sumption, to the benefit of product quality and less ma-
chine wear.
[0054] A further advantageous aspect is that the de-
vice, with or without control of the enterprise resource
planning system, can provide functional references to
the PLC or CNC of a machine associated with it to vary
the operating conditions of the machine itself within an
appropriate range. Furthermore, if the machine allows it,
it can transmit some fundamental information for control
in industry 4.0 perspective to the enterprise resource
planning system. In particular, if the device shows vari-
ations in noise or vibration, the available data can be
used by the production control to prevent a faulty product
from continuing in the production flow.
[0055] By virtue of the availability of different outputs,
the invention further allows a spatial selectivity of noise
abatement levels according to the areas of interest.

Experimental results

[0056] Laboratory tests carried out with stationary test
signals, through instrumental measurements on a simu-
lated station, showed a noise reduction of about 4.5 dB.
Furthermore, on a machine operating in stationary mode,
it was possible to generate an attenuation signal, also
not electronically controlled, which produced a noise re-
duction of about 3.7 dB.
[0057] The simulations and field measurements allow
the device presented herein, a noise reduction of be-
tween 3 and 6 dB with high reliability.
[0058] Therefore, the suggested device allows the use
of lightweight earphones instead of headphones at these
locations, thereby reducing the frequency of medical
check-ups and reducing occupational hearing-related
diseases.
[0059] For this reason, the minimum objectives set
would be sufficient to achieve significant benefits for the
wellbeing of workers.
[0060] Furthermore, the use of networked sensor-op-
timized adjustment controls on the motors of the process-
ing machines has resulted in a reduction of about 2.8 dB
in the produced noise.
[0061] In addition, it has been found in the motors of
the processing machines that even a 10% speed reduc-
tion allows energy savings of 10% to 20% compared to
normal conditions of use. This is because the machines
themselves have adjustment time margins relative to ex-
pected productivity or product flow.
[0062] The present invention was described according
to preferred embodiments, but equivalent variants may
be devised without departing from the scope of protection

of the invention.

Claims

1. An active ambient noise attenuation and control de-
vice, comprising:

an ambient microphone (1) to detect an ambient
noise comprising one or more predominant fre-
quencies and convert the ambient noise detect-
ed into a corresponding electric attenuation sig-
nal,
one or more band-pass filters (2, 3, 4) connected
in parallel to said microphone (1) to receive the
output electric signal from the microphone,
wherein said filters (2, 3, 4) are centered on fre-
quency bands which are configurable and
adaptable according to the noise signal and the
predominant frequencies thereof,
one or more phase shifters (5, 6, 7), each con-
nected at the output to a respective band-pass
filter (2, 3, 4), wherein said phase shifters are
configurable to introduce a phase on the corre-
sponding signal output from each filter either
equal or close to 180° and output corresponding
shifted signals,
a sum node (8) connected at the output to said
phase shifters to recombine the respective sig-
nal rates and output a recombined signal,
at least one recombined signal amplification
chain, comprising a variable gain preamplifier
(10, 11) followed by a power amplifier (12, 13),
for outputting an amplified signal,
at least one loudspeaker (14, 15) fed by said
amplified signal to convert the amplified signal
into an acoustic ambient noise attenuation sig-
nal,
one or more feedback ambient microphones
(18, 19) to detect a residual ambient noise rate
and convert it into an electric feedback signal,
at least one preamplification chain (17,20) to
amplify said feedback signals,
at least one control unit (23) configured to ac-
quire said feedback signals and operatively con-
nected to control the configuration of at least
said filters (2-4), said phase shifters (5-7) and
said variable gain preamplifier (10-11), wherein
the control unit (23) is arranged to numerically
process the acquired feedback signals and con-
figure the phases and amplitudes of the attenu-
ation signal according to an attenuation algo-
rithm executed in response to the acquired feed-
back signal processing.

2. A device according to claim 1, wherein said node (8)
is connected at the output to a further configurable
phase shifter (9) followed by a second amplification
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chain comprising a second variable gain preamplifier
(11) followed by a second power amplifier (13), which
drives a second loudspeaker (15) to convert the am-
plified signal into a further acoustic ambient noise
attenuation signal, wherein said further phase shifter
(9) and said second variable gain preamplifier (11)
are operatively connected to said control unit (23) .

3. A device according to claim 1 or 2, comprising one
or more vibration sensors (27) connected to said
control unit (23) to send signals associated with the
vibrational state of one or more machines present in
the ambient.

4. A device according to one of the preceding claims,
comprising an IP interface (22) connected to said
control unit (23).

5. A device according to one of the preceding claims,
comprising a communication port and/or a Wi-Fi
module (25) for wireless connection.

6. A device according to one of the preceding claims,
comprising input/output analog and/or digital signal
lines (26) to interface with other devices or with other
systems or machines.

7. A device according to any one of the preceding
claims, wherein said control unit (23) is configured
to execute an attenuation algorithm comprising the
following steps:

frequency analyzing the noise components
through an FFT transform on the signal from the
microphone (1);
identifying the predominant noise frequency
components, through the comparison with a pre-
determined threshold of the modules of compo-
nents calculated during said step of frequency
analyzing;
setting the central frequencies of the band-pass
filters (2,3,4) according to the frequency com-
ponents identified in said step of identifying;
introducing a phase on each filtered line equal
to 180° plus or minus a variable rate, the amount
of which is proportional to the amplitude of the
component of residual noise measured at that
predetermined frequency;
recomposing as a sum of the signals from the
branches (2,3,4) and generating an attenuation
signal;
amplifying with variable gain of the attenuation
signal followed by power amplification in order
to drive the ambient loudspeaker (15);
acquiring the residual noise through the micro-
phone (17);
processing the acquired residual noise and
identifying the residual noise frequencies;

if the difference between the frequencies iden-
tified in said step of frequency analyzing the
noise components and those identified in said
step of processing the acquired residual noise
is greater than a predetermined threshold,

varying the central frequencies in said step
of setting the central frequencies of the
band-pass filters;
defining, in said step of introducing a phase
on each filtered line, the correct phases of
the phase shifters (5,6,7) and a correct am-
plification factor in said step of amplifying
the attenuation signal.

8. A device according to claim 7, wherein in said step
of introducing a phase on each filtered line, the ad-
dition or subtraction of a phase delta with respect to
180°, corresponding to the i-th band-pass line, oc-
curs proportionally to the amplitude of the corre-
sponding residual noise harmonic.

9. A device according to claim 7 or 8, wherein in said
step of amplification, the gain coefficient is calculated
according to the amplitude of the acquired residual
noise signal.

10. A device according to any one of claims 7-9, wherein
said residual signal is numerically processed by
means of FFT algorithm frequency analysis adapted
to identify both the amplitude and the phase of the
residual noise frequency components.

11. A device according to one of claims 7-10, wherein
said steps of frequency analyzing and identifying the
predominant noise frequency components are pre-
liminarily performed in ambient learning mode.
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