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(57) Abstract: Systems and methods are provided for noise reduction. An input audio signal is received. A target gain corresponding
to a target volume level is determined. One or more increments of gain change are determined to reach the target gain. A first non-
zero amplitude in the input audio signal is detected. The first non-zero amplitude is not within a predetermined range of zero amp -
litude. Upon the detection of the first non-zero amplitude in the input audio signal, the one or more increments of gain change are
applied at one or more zero-crossing points of the input audio signal. The input audio signal is within the predetermined range of
zero amplitude at the one or more zero-crossing points. An output audio signal is generated.
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Systems and Methods for Noise Reduction

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001]  This disclosure claims priority to and benefit from U.S. Provisional Patent Application
No. 61/862,620, filed on August 6, 2013, the entwrety of which is incorporated herein by

reference.
FIELR
{G002]  The technology described in this patent document relates generally to audio systeros

and more particularly to noise reduction in audio systems.

BACKGROUND

{66031  In audio systoms, the output of an audio device 18 often provided to a speaker or an
earphone. Volume contrel in the audio device is usually achieved using an audio gain conirol
circuit. When a sudden gain change is applied by the gain control circuit in the audio device,
undesirable artifacts may be produced at the output of the speaker or the earphone. At andio

frequencies, such artifacts are often clearly audible, resulting 1 a pop noise or a seft c¢lick.

SUMMARY
18004} In accordance with the teachings described herein, systems and methods are provided
for noise reduction.  An input audio signal is received. A target gain corresponding to a target
volume level 1s determuned. One or moore increments of gain change are determined to reach the
target gain. A first non-zero amplitude tn the input audio signal is detected. The first non-zero

amplitude is not within a predetermined range of zero amplitude. Upon the detection of the first
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non-zero amplitude in the input audio signal, the one or more increments of gain change are
applied at one or more zZero-crossing points of the mput audio signal. The input audio signal is
within the predetermuned range of zero amphiude at the one or more Zero-crossing points. An
output audio signal is generated.

18065]  In onc embodiment, a device for noise reduction includes: a volume control component
configured to determine a target gain corresponding to a target volume level and determine one
or more ncrements of gain change to reach the target gain; a detection component configured to
detect a first non-zero amplitude tn the nput andio signal, the first non-zero amplitude being not
within a predetermined range of zero amplitude; and a gain circuit configured to, upon the
detection of the first non-zero amplitude in the nput audio signal, apply the one or more
increments of gain change at one or more zero-crossing points and generate an ouipul audio
signal, the 1oput audio signal being within a predetermined range of zero amplitude at the one or
MO ZErs-Crossing points.

{0066] In another embodiment, a system for notse reduction includes: one or more data
processors configured to: determine a target gain corresponding to a target volume level for an
input audio signal, determine one or more increments of gain change to reach the target gain,
detect a first non-zere amplitude in the input audio signal, the first non-zero amplitude being not
within a predetermined range of zero amphitude, and upon the detection of the first non-zero
amplitude 1o the input audio sigoal, apply the one or wore ncrements of gaim change at one or
more zero-crossing points to generate an output audio signal. The input audio signal is within
the predetermined range of zero amplitude at the one or more zero-crossing points.  The system
further includes one or more computer-readable storage media configured to store the target gain

and the one or more 1ncrements of gain change.

.
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BRIEF DESCRIPTION OF THE DRAWINGS

180671 FIG. 1 depicts an example timing diagram of an input audio signal.

[0808] FIG. 2 depicts another example timing diagram of an input audio signal.

[6009]  FIG. 3 depicts another exanple timing diagram of an foput andio signal.

{8016} FIG. 4 depicts an example diagram showing a device for noise reduction.

{6611} FIG. 5 depicts another example diagram showing a device for noise reduction.
[@012] FIG. 6 depicts yet another example diagram showing a device for noise reduction.

{8613}  FIG. 7 depicts an example flow chart for nowse reduction.

DETAILED DESCRIPTION

{0014} Audio artifacts caused by sudden gain change for volume control may be reduced by
volume ramping n combination with zero crossing detection.  Volume ramping creates small
steps {e.g., increments) of gain change to avoid any sudden (e.g., a large step} gain change. In
addition, the small steps {e.g., increments) of pgain change are synchronized with zero-crossing
potnts of an input audio signal. As the wput audio signal has approximately zero amplitude (e.g.,
within a predetermined range of zero amplitude) at the zero-crossing points, ideally the audio
artifacts caused by a small step of gain change should be negligible.

{G015] FIG. 1 depicts an example timing diagram of an input audio signal. As shown i FIG.
I, increments of gain change are applied at five zero-crossing points {e.g., zcl, 2¢2, 2¢3, zc4 and
zcS) to reach a target gain. Specifically, the zero-crossing points (e.g., zcl, ze2, zc3, zc4 and z¢5)
are detected in the input audio signal 102, where the zero-crossing points are separated by an
approximately sarac time interval (e.g., At). At cach zero-crossing point, an increment of gain

change 1s applied, until a target gain 104 is reached at the zero-crossing point z¢3.
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{#616] However, for certain input audio signals, volume ramping in combination with zero
crossing detection may not cffectively reduce audio artifacts. As shown in FIG. 2, before real
audio data in an ioput aodio signal 202 arrives, the wmput audio signal 202 remains at
approximately zero amplitude (e.g., full zero data} during a time period Ty, H increments of gain
change arc applied during the time period Ty, ¢.g., at the zero-crossing points zcl, z¢2, z¢3, and
zcd, the accumulated gam change is negligible. Then, when the real data i the input audio
signal 202 arrives, the gain change applied at the zero-crossing points 2¢S corresponds in effect
to a large step in order to reach the target gain, which may cause undesirable noise.

{6617} FIG. 3 depicts another example timing diagram of an input audio signal. As shown in
FIG. 3, a first non-zero amplitude 302 is detected in an tnput sudio signal 304, and upon the
detection of the first von-zero amplitude 302, volurme ramping and zero~-crossing detection begin
to be applied for volume control.

18018] Specifically, before real audio data in the input audio signal 304 arrives, the input
audio signal 304 remains at approximately zero amplitude (e.g., within a predetermined range of
zero arnphitode) during a time period T, No gatn change 1s applied during the time period T..
Amplitude detection is performed to detect the first non-zero amplitude 302 (e.g., not within the
predetermined range of zero amplitude}. For example, the tnput audio signal 304 s sampled ata
particular frequency for non-zero araplitude detection,

[8619] Ounce the first nov-zero amplitude 302 is detected, increments of gain change are
applied at various zero-crossing points (2.g., z¢l, zc2, z¢3, zed, and ze5) of the input audio signal
304. The zero-crossing points zcl, z¢2, ze3, zed, and zc5 of the mnput audio signal 304 are
detected one by one, and an incrernent of gain change is apphied upon the detection of cach zero-

crossing point yontid a target gamn 306 1s reached. For example, the zero-crossing points are
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detected by sampling the input audio signal 304 at a predetermined frequency which may be
different from the frequency for detecting the first non-zero amplitude 302,

[8628] FIG. 4 depicts an example diagrara showing a device for voise reduction. As shown in
FIG. 4, the device 400 performs volume control by applying volume ramping at zero-crossing
points of an input audio signal 402 after a first non-zero amplitude of the tnput audio signal 402
1s detected.

[6621]  Specifically, a volume control component 404 determines a target gain corresponding
to a target volume level {e.g., determined by user input) and determines one or more increments
of gain change to reach the target gain. A detection component 406 detects the first non-zero
amplitude {c.g., not within a predetermined range of zero amplitude) 1 the input audio signal
402. A zero-crossing detector 414 detects, upon the detection of the first von-zero anplitude,
one o More zero~-crossing points at which the input audio signal 402 is within the predetermined
range of zero amplitude. A gain circuit 408 applics the one or more increments of gain change at
the detected zero-crossing points and generates an output audio signal 410, For exaraple, a ratio
related to the output andio sigonal 410 and the wnput andio signal 402 1s approximately equal to
the target gain.

{¢622] In some embodiments, the first non-zere amplitude is preceded by a time period during
which the input audio signal 402 rernains within the predetermined range of zero amplitude. The
gain circuit 408 applies no gain change during the time period.

{B623] FIG. 5 depicts another example diagram showing a device for noise reduction.  As
shown in FIG. 3, the gain circuit 408 includes a gain controller 502, a digital gain component
504, and a digital-analog converter (BAC) 506. The gain controller 502 controls the digital gain

component 534 to apply increments of gain change at zero-crossing poits in the input audio

Lh
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signal 402. The output of the digital gain component 504 is converted to the output audio signal
410 by the DAC 506,

18624]  Specifically, the gain controlier 502 controls the digital gain component 504 so that the
digital gain component 5304 does not apply any gain change uuntil the first non-zero amplitude in
the input audio signal 402 is detected by the detection component 406. In addition, after the first
non-zero amplitude in the input sudio signal 402 1s detected, the gain controller 502 controls the
digital gain component 504 to apply the increments of gain change determined by the volume
control component 404 at the detected zero-crossing points detected by the zero-crossing
detector 414.

[B825] FIG. 6 depicts yvet another example diagram showing a device for noise reduction. As
shown in FIG. 6, the gain circuit 408 further includes an analog gain coroponent 308, The gain
controller 502 controls the analog gain component 50K to amplify the output of the DAC 506 to
generate the output audio signal 410. For example, the analog gain component 508 includes an
amplificr. The gain controller 502 may control the analog gain component 508 as well as the
digital gain component 504 to reach the target gaiu.

{8026] FIG. 7 depicts an example flow chart for noise reduction. At 702, an input audio signal
is received. At 704, a target gain corresponding to a target volume level is determined. At 706,
onc or more nerements of gain change arce deternuned to reach the target gain. At 708, a first
non-~zero amplitude 1o the input audio signal is detected. The first non~zero amplitude is vot
within a predetermined range of zero amplitude. At 710, upon the detection of the first non-zero
amplitude in the input audio signal, the one or more increments of gain change are applied at one

or more zero-crossing points of the mput audio signal. The input audio signal 18 within the

6
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predetermined range of zero amplitude at the onc or more zero-crossing points. At 712, an
output audio signal is generated.

186271 This written description uses exaraples to disclose the wvention, inchude the best mode,
and also to enabie a person skilled in the art to make and use the invention. The patentable scope
of the invention may include other examples that occur to those skilled in the art. Other
implomentations may also be used, however, such as firmware or appropriately designed
hardware configured to carry out the methods and systerns described herem.  For example, the
systems and methods described herein may be implemeunted in an independent processing engine,
as a co-processor, or as a hardware accelerator. In yet another example, the systems and
methods described herein may be provided on many different types of computer-readable media
welading computer storage mechamsms {e.g., CD-ROM, diskette, RAM, flash memory,
computer’s hard drive, efc.) that contain instructions {e.g., software} for use in execution by one
or more processors to perform the methods’ operations and implement the systems described

herein.
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CLAIMS

What 1s claimed 1s:

1. A method for noise reduction, the method comprising:

receiving an input audio signal;

determining a target gain corresponding to a target volume level;

determining onc or more increments of gain change to reach the target gain;

detecting a fivst non-zero amplitude 1o the input audio sigoal, the first non-zero araplitude
being not within a predetermined range of zero amplitude;

upon the detection of the first non-zere amplitude in the input audio signal, applying the
onc or more increments of gain change at one or more zero-crossing potnts of the input audio
signal, wherein the 1oput audio signal is within the predetermined range of zero amplitude at the
one Of MOoTe Zero-Ccrossing points; and

generating an output audio signal.

2. The method of claim 1, wherein the first non-zero amplitude s preceded by a time

period during which the input audio signal remains within the predetermined range of zero

amplitude.

3. The method of claim 2, wherein no gain change ts apphied to the 1oput audio

signal daring the time pertod.

4. The methoed of claim 1, further comprising:
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detecting the one or more zero-crossing points in response to the first non-zero amplitude

being detected.

5. The method of claim 1, wherein:
the one or more increments of gain change include a first increment and a second
increment,
the applying the one or more wcrements of gain changes at one or WoOre ZEro-Crossing
points of the input audio signal includes:
applying the first increment of gain change and the second increment of gain

change at a first zero-crossing point and a second zero-crossing point respectively.

6. The method of claim 1, wherein a ratio related to the output audio signal and the

input audio signal corresponds to the target gain.

7. The method of claim 1, wherein:

the one or more zero-crossing points are detected by sampling the tnput audio signal ata
first frequency; and

the first non-zero amplitude is detected by sampling the input audio signal at g second

frequency, the second frequency being different from the fivst frequency.

8. A device for noise reduction comprising:

a volume control component configured to determine a target gain corresponding 1o 2

target volume level and determine one or more increments of gatn change to reach the target gain;

9
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a detection component configured to detect a first non-zero amplitude in the input audio
signal, the first non-zero arplitude being not within a predetermined range of zero amplitude;
and

a gain circuit configured to, upon the detection of the first non-zero amplitude in the mput
audio signal, apply the onc or more increments of gain change at one or more zero-crossing
points and generate an output audio signal, the input audio signal being within a predeterroined

range of zero amplitude at the one or more zero-crossing points.

. The device of claim &, wherein the first non-zero amplitude is preceded by a time
period during which the input audio signal remains within the predetermined range of zero

amplitude.

10, The device of claim 9, wherein the gain circuit is further configured to apply no

gain change during the time period.

i1, The device of claim 8, wherein:

the one or more increments of gain changes includes a first increment of gain change and
a second ncrement of gain change; and

the gain civcut is further configured to apply the first increvoent of gain change and the
second increment of gain change at a first zero-crossing point and a second zero-crossing point

respectively.

10
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12, The device of claim &, wherein a ratio related to the output audio signal and the

input audio signal corresponds to the target gain.

13, The device of claim &, further comprising:
a zero-crossing detector configured to detect the one or more zero-crossing points in

response to the first non-zero amplitude being detected.

14. The device of claim 13, wherein:

the zero-crossing detector 18 further configured to sample the input audio signal at a first
frequencey to detect the one or more zero-crossing points; and

the detection component s further configured to sample the input audio sigoal at a second
frequency to detect the first non-zero amplitude, the second frequency being different from the

first frequency.

15, A system for noise reduction comprising:
one or more data processors configured to:

determine a target gain corresponding to a target volume level for an input audio
signal;

deterroine one or more wncrements of gain change to reach the target gain;

detect a first non-zero amplitude in the input audio signal, the first non-zero
araplitude being not within a predetermined range of zero amplitude; and

upon the detection of the first non-zero amplitude 1 the input audio signal, apply

the one or wore mcrements of gain change at one or wore zero-crossing points o

11
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gencrate an output audio signal, wherein the input audio signal is within the
predetermined range of zero amphitude at the one or more zero-crossing poeints; and
one of more computer-readable storage media configured to store the target gain and the

one or more increments of gain change.

16.  The system of claim 15, wherein the first non-zero amplitude is preceded by a
tivae period during which the input audio sigoal rewains within the predetermined range of zero

amplitude.

17.  The system of clairo 16, wherein no gain change 18 applied to the mnput andio

signal during the time period.

18.  The system of claimn 15, wherein:
the one or more increments of gain change incluade a first increment and a second
merergent;
the applyving the one or more increments of gain changes at one or Mmore zero-crossing
points of the input audio signal includes:
applying the first increment of gain change and the second merement of gain

change at a first zero-crossing point and a secound zero-crossing poiut respectively.

19, The system of claim 15, wherein a ratio related to the cutput audio signal and the

input gudio signal corresponds to the target gain.

12
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20.  The system of claim 135, wherein:

the one or more zero-crossing points are detected by sarapling the input audio signal at a
first frequency: and

the first non~-zero amplitude is detected by sampling the input audio signal at a second

frequency, the second frequency being different from the first frequency.
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RECEIVE AN INPUT AUDIO SIGNAL
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DETERMINE A TARGET GAIN CORRESPONDING
TO & TARGET VOLUME LEVEL

_—

DETERMINE ONE OR MORE INCREMENTS OF
GAIN CHANGL TO REACH THE TARGET GAIN

f //fm?08

BETECT A FIRST NON-ZERD AMPLITUBE
IN THE INPUT AUDIO SIGNAL

i //,»v?iﬁ

UPON DETECTION OF THE FIRST NON-ZERQ
AMPLITUDE IN THE INPUT AUDIO SIONAL, APPLY
THE ONE OR MORE INCREMENTS OF GAIN CHARGE

AT ONE OR MORE ZERD-CROSSING PGINTS

OF THE INPUT AUDIO SIGNAL

i /fwm?ga

DENERATE AN OUTPUT AUDIO SIGNAL
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