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METHODS AND APPARATUS FOR PROVIDING A DISTINCT PERCEPTUAL

LOCATION FOR AN AUDIO SOURCE WITHIN AN AUDIO MIXTURE

CROSS-RELATED APPLICATIONS

This application relates to co-pending application "Methods and apparatus for providing

an interface to a processing engine that utilizes intelligent audio mixing techniques",

(Attorney Docket No. 070589), co-filed with this application.

TECHNICAL FIELD

[0001] The present disclosure relates generally to audio processing. More

specifically, the present disclosure relates to processing audio sources in an audio

mixture.

BACKGROUND

[0002] The term audio processing may refer to the processing of audio signals.

Audio signals are electrical signals that represent audio, i.e., sounds that are within the

range of human hearing. Audio signals may be either digital or analog.

[0003] Many different types of devices may utilize audio processing techniques.

Examples of such devices include music players, desktop and laptop computers,

workstations, wireless communication devices, wireless mobile devices, radio

telephones, direct two-way communication devices, satellite radio devices, intercom

devices, radio broadcasting devices, on-board computers used in automobiles,

watercraft and aircraft, and a wide variety of other devices.

[0004] Many devices, such as the ones just listed, may utilize audio processing

techniques for the purpose of delivering audio to users. Users may listen to the audio

through audio output devices, such as stereo headphones or speakers. Audio output

devices may have multiple output channels. For example, a stereo output device (e.g.,

stereo headphones) may have two output channels, a left output channel and a right

output channel.

[0005] Under some circumstances, multiple audio signals may be summed together.

The result of this summation may be referred to as an audio mixture. The audio signals

before the summation occurs may be referred to as audio sources. As mentioned above,



the present disclosure relates generally to audio processing, and more specifically, to

processing audio sources in an audio mixture.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 illustrates an example showing two audio sources that have distinct

perceptual locations relative to a listener;

[0007] Figure 2 illustrates an apparatus that facilitates the perceptual differentiation

of multiple audio sources;

[0008] Figure 2A illustrates a processor that facilitates the perceptual differentiation

of multiple audio sources;

[0009] Figure 3 illustrates a method for providing an interface to a processing

engine that utilizes intelligent audio mixing techniques;

[0010] Figure 4 illustrates means-plus-function blocks corresponding to the method

shown in Figure 3;

[0011] Figure 5 illustrates an audio source processor that may be utilized in the

apparatus shown in Figure 2;

[0012] Figure 6 illustrates one possible implementation of the audio source

processor that is shown in Figure 5;

[0013] Figures 7 illustrates one possible implementation of the foreground angle

control component in the audio source processor of Figure 6;

[0014] Figures 8 illustrates one possible implementation of the background angle

control component in the audio source processor of Figure 6;

[0015] Figures 9A, 9B, and 10 illustrate examples of possible values for the

foreground attenuation scalars and background attenuation scalars in the audio source

processor of Figure 6;

[0016] Figure 11 illustrates examples of possible values for the foreground angle

control scalars in the foreground angle control component of Figure 7;

[0017] Figure 12 illustrates examples of possible values for the foreground mixing

scalars in the foreground angle control component of Figure 7;

[0018] Figure 13 illustrates examples of possible values for the background mixing

scalars in the background angle control component of Figure 8;



[0019] Figure 14 illustrates a method for providing a distinct perceptual location for

an audio source within an audio mixture;

[0020] Figure 15 illustrates means-plus-function blocks corresponding to the

method shown in Figure 14;

[0021] Figure 16 illustrates a method for changing the perceptual location of an

audio source;

[0022] Figure 17 illustrates means-plus-function blocks corresponding to the

method shown in Figure 16;

[0023] Figure 18 illustrates an audio source processor that is configured to process

single-channel (mono) audio signals;

[0024] Figure 19 illustrates one possible implementation of the foreground angle

control component in the audio source processor of Figure 18; and

[0025] Figure 20 illustrates various components that may be utilized in an apparatus

that may be used to implement the methods described herein.

DETAILED DESCRIPTION

[0026] A method for method for providing a distinct perceptual location for an

audio source within an audio mixture is disclosed. In accordance with the method, a

foreground signal may be processed to provide a foreground perceptual angle for the

foreground signal. The foreground signal may also be processed to provide a desired

attenuation level for the foreground signal. A background signal may be processed to

provide a background perceptual angle for the background signal. The background

signal may also be processed to provide a desired attenuation level for the background

signal. The foreground signal and the background signal may be combined into an

output audio source.

[0027] An apparatus for providing a distinct perceptual location for an audio source

within an audio mixture is also disclosed. The apparatus may include a foreground

angle control component that is configured to process a foreground signal to provide a

foreground perceptual angle for the foreground signal. The apparatus may also include

a foreground attenuation component that is configured to process the foreground signal

to provide a desired attenuation level for the foreground signal. The apparatus may also

include a background angle control component that is configured to process a



background signal to provide a background perceptual angle for the background signal.

The apparatus may also include a background attenuation component that is configured

to process the background signal to provide a desired attenuation level for the

background signal. The apparatus may also include an adder that is configured to

combine the foreground signal and the background signal into an output audio source.

[0028] A computer-readable medium is also disclosed. The computer-readable

medium may include instructions providing a distinct perceptual location for an audio

source within an audio mixture. When executed by a processor, the instructions may

cause the processor to process a foreground signal to provide a foreground perceptual

angle for the foreground signal. The instructions may also cause the processor to

process the foreground signal to provide a desired attenuation level for the foreground

signal. The instructions may also cause the processor to process a background signal to

provide a background perceptual angle for the background signal. The instructions may

also cause the processor to process the background signal to provide a desired

attenuation level for the background signal. The instructions may also cause the

processor to combine the foreground signal and the background signal into an output

audio source.

[0029] An apparatus for providing a distinct perceptual location for an audio source

within an audio mixture is also disclosed. The apparatus may include means for

processing a foreground signal to provide a foreground perceptual angle for the

foreground signal. The apparatus may also include means for processing the foreground

signal to provide a desired attenuation level for the foreground signal. The apparatus

may also include means for processing a background signal to provide a background

perceptual angle for the background signal. The apparatus may also include means for

processing the background signal to provide a desired attenuation level for the

background signal. The apparatus may also include means for combining the

foreground signal and the background signal into an output audio source.

[0030] The present disclosure relates to intelligent audio mixing techniques. More

specifically, the present disclosure relates to techniques for providing the audio sources

within an audio mixture with distinct perceptual locations, so that a listener may be

better able to distinguish between the different audio sources while listening to the

audio mixture. To take a simple example, a first audio source may be provided with a



perceptual location that is in front of the listener, while a second audio source may be

provided with a perceptual location that is behind the listener. Thus, the listener may

perceive the first audio source as coming from a location that is in front of him/her,

while the listener may perceive the second audio source as coming from a location that

is in back of him/her. In addition to providing ways for listeners to distinguish between

locations in the front and back, different audio sources may also be provided with

different angles, or degrees of skew. For example, a first audio source may be provided

with a perceptual location that is in front of the listener and to the left, while a second

audio source may be provided with a perceptual location that is in front of the listener

and to the right. Providing the different audio sources in an audio mixture with

different perceptual locations may help the user to better distinguish between the audio

sources.

[0031] There are many situations in which the techniques described herein may be

utilized. One example is when a user of a wireless communication device is listening to

music on the wireless communication device when the user receives a phone call. It

may be desirable for the user to continue listening to the music during the phone call,

without the music interfering with the phone call. Another example is when a user is

participating in an instant messaging (IM) conversation on a computer while listening to

music or to another type of audio program. It may be desirable for the user to be able to

hear the sounds that are played by the IM client while still listening to the music or

audio program. Of course, there are many other examples that may be relevant to the

present disclosure. The techniques described herein may be applied to any situation in

which it may be desirable for a user to be able to perceptually distinguish between the

audio sources within an audio mixture.

[0032] As indicated above, under some circumstances multiple audio signals may

be summed together. The result of this summation may be referred to as an audio

mixture. The audio signals before the summation occurs may be referred to as audio

sources.

[0033] Audio sources may be broadband audio signals, and may have multiple

frequency components with frequency analysis. As used herein, the term "mixing"

refers to combining the time domain value (either analog or digital) of two audio

sources with addition.



[0034] Figure 1 illustrates an example showing two audio sources 102a, 102b that

have distinct perceptual locations relative to a listener 104. The two audio sources

102a, 102b may be part of an audio mixture that the listener 104 is listening to. The

perceptual location of the first audio source 102a is shown as being in a foreground

region 106, and to the left of the listener 104. In other words, while listening to the

audio mixture, the listener 104 may perceive the first audio source 102a as being in

front of him/her, and to his/her left. The perceptual location of the second audio source

102b is shown as being in a background region 108, to the right of the listener 104. In

other words, while listening to the audio mixture, the listener 104 may perceive the

second audio source 102b as being behind him/her, and to his/her right.

[0035] Figure 1 also illustrates how the perceptual location of an audio source 102

may be measured by a parameter that may be referred to herein as a perceptual azimuth

angle, or simply as a perceptual angle. As shown in Figure 1, perceptual angles may be

defined so that a perceptual angle of 0° corresponds to a perceptual location that is

directly in front of the listener 104. Additionally, perceptual angles may be defined so

as to increase in a clockwise direction, up to a maximum value of 360° (which

corresponds to 0°). In accordance with this definition, the perceptual angle of the first

audio source 102a shown in Figure 1 is between 270° and 360° (0°), and the perceptual

angle of the second audio source 102b shown in Figure 1 is between 90° and 180°. The

perceptual location of an audio source 102 that has a perceptual angle between 270° and

360° (0°) or between 0° and 90° is in the foreground region 106, while the perceptual

location of an audio source 102 that has a perceptual angle between 90° and 270° is in

the background region 108.

[0036] The definition of a perceptual angle that was just described will be used

throughout the present disclosure. However, perceptual angles may be defined

differently and still be consistent with the present disclosure.

[0037] The terms "foreground region" and "background region" should not be

limited to the specific foreground region 106 and background region 108 shown in

Figure 1. Rather, the term "foreground region" should be interpreted as referring

generally to an area that is in front of the listener 104, whereas the term "background

region" should be interpreted as referring generally to an area that is in back of the

listener 104. For example, in Figure 1 the foreground region 106 and the background



region 108 are both shown as being 180°. Alternatively, however, the foreground

region 106 may be greater than 180° and the background region 108 may be less than

180°. Alternatively still, the foreground region 106 may be less than 180° and the

background region 108 may be greater than 180°. Alternatively still, both the

foreground region 106 and the background region 108 may be less than 180°.

[0038] Figure 2 illustrates an apparatus 200 that facilitates the perceptual

differentiation of multiple audio sources 202. The apparatus 200 includes a processing

engine 210. The processing engine 210 is shown receiving multiple audio sources 202'

as input. A first input audio source 202a' from a first audio unit 214a, a second input

audio source 202b' from a second audio unit 214b, and an Nth input audio source 202n'

from an Nth audio unit 214n are shown in Figure 2 . The processing engine 210 is

shown outputting an audio mixture 212. A listener 104 may listen to the audio mixture

212 through audio output devices such as stereo headphones.

[0039] The processing engine 210 may be configured to utilize intelligent audio

mixing techniques. The processing engine 210 is also shown with several audio source

processors 216. Each audio source processor 216 may be configured to process an input

audio source 202', and to output an audio source 202 that includes a distinct perceptual

location relative to the listener 104. In particular, the processing engine 210 is shown

with a first audio source processor 216a that processes the first input audio source 202a',

and that outputs a first audio source 202a that includes a distinct perceptual location

relative to the listener 104. The processing engine 210 is also shown with a second

audio source processor 216b that processes the second input audio source 202b', and

that outputs a second audio source 202b that includes a distinct perceptual location

relative to the listener 104. The processing engine 210 is also shown with an Nth audio

source processor 216n that processes the Nth input audio source 202n', and that outputs

an Nth audio source 202n that includes a distinct perceptual location relative to the

listener 104. An adder 220 may combine the audio sources 202 into the audio mixture

212 that is output by the processing engine 210.

[0040] Each of the audio source processors 216 may be configured to utilize

methods that are described in the present disclosure for providing an audio source 202

with a distinct perceptual location relative to a listener 104. Alternatively, the audio

source processors 216 may be configured to utilize other methods for providing an



audio source 202 with a distinct perceptual location relative to a listener 104. For

example, the audio source processors 216 may be configured to utilize methods that are

based on head related transfer functions (HRTFs).

[0041] The apparatus 200 shown in Figure 2 also includes a control unit 222. The

control unit 222 may be configured to provide an interface to the processing engine 210.

For example, the control unit 222 may be configured so that a requesting entity may

change the perceptual location of one or more of the audio sources 202 via the control

unit 222.

[0042] Figure 2 shows the control unit 222 receiving a request 224 to change the

perceptual location of one of the audio sources 202 to a new perceptual location. The

request 224 may be triggered by an event such as a user pressing a button, an incoming

call being received, a program being started or terminated, etc. The request 224

includes an identifier 226 that identifies a particular audio source 202 that is to have its

perceptual location changed. The request 224 also indicates the new perceptual location

of the audio source 202. In particular, the request 224 includes an indication 228 of the

perceptual angle corresponding to the new perceptual location of the audio source 202.

The request 224 also includes an indication 230 of the desired duration for transitioning

to the new perceptual location.

[0043] In response to receiving the request 224, the control unit 222 may generate

one or more control signals 232 to provide to the processing engine 210. The control

signal(s) 232 may be configured to cause the processing engine 210 to change the

perceptual location of the applicable audio source 202 from its current perceptual

location to the new perceptual location that is specified in the request 224. The control

unit 222 may provide the control signal(s) 232 to the processing engine 210. In

response to receiving the control signal(s) 232, the processing engine 210 (and more

specifically, the applicable audio source processor 216) may change the perceptual

location of the applicable audio source 202 from its current perceptual location to the

new perceptual location that is specified in the request 224.

[0044] In one possible implementation, the control unit 222 may be an ARM

processor, and the processing engine 210 may be a digital signal processor (DSP). With

such an implementation, the control signals 232 may be control commands that the

ARM processor sends to the DSP.



[0045] Alternatively, the control unit 222 may be an application programming

interface (API). The processing engine 210 may be a software component (e.g., an

application, module, routine, subroutine, procedure, function, etc.) that is being

executed by a processor. With such an implementation, the request 224 may come from

a software component (either the software component that serves as the processing

engine 210 or another software component). The software component that sends the

request 224 may be part of a user interface.

[0046] In some implementations, the processing engine 210 and/or the control unit

222 may be implemented within a mobile device. Some examples of mobile devices

include cellular telephones, personal digital assistants (PDAs), laptop computers,

smartphones, portable media players, handheld game consoles, etc.

[0047] Figure 2A illustrates a processor 20 IA that facilitates the perceptual

differentiation of multiple audio sources 202A. The processor 20 IA includes an audio

source unit engine 210A. The audio source unit engine 210A is shown receiving

multiple audio sources 202A' as input. In particular, a first input audio source 202A(I)'

from a first audio unit 214A(I), a second input audio source 202A(2)' from a second

audio unit 214A(2), and an Nth input audio source 202A(N)' from an Nth audio unit

214A(N) are shown in Figure 2A. The audio source unit engine 210A is shown

outputting an audio mixture 212A. A listener 104 may listen to the audio mixture 212A

through audio output devices such as stereo headphones.

[0048] The audio source unit engine 210A may be configured to utilize intelligent

audio mixing techniques. The audio source unit engine 210A is also shown with several

audio source units 216A. Each audio source unit 216A may be configured to process an

input audio source 202A', and to output an audio source 202A that includes a distinct

perceptual location relative to the listener 104. In particular, the audio source unit

engine 210A is shown with a first audio source unit 216A(I) that processes the first

input audio source 202A(I)', and that outputs a first audio source 202A(I) that includes

a distinct perceptual location relative to the listener 104. The audio source unit engine

210A is also shown with a second audio source unit 216A(2) that processes the second

input audio source 202A(2)', and that outputs a second audio source 202A(2) that

includes a distinct perceptual location relative to the listener 104. The audio source unit

engine 210A is also shown with an Nth audio source unit 216A(N) that processes the



Nth input audio source 202A(N)', and that outputs an Nth audio source 202A(N) that

includes a distinct perceptual location relative to the listener 104. An adder 220A may

combine the audio sources 202A into the audio mixture 212A that is output by the audio

source unit engine 210A.

[0049] Each of the audio source units 216 may be configured to utilize methods that

are described in the present disclosure for providing an audio source 202A with a

distinct perceptual location relative to a listener 104. Alternatively, the audio source

units 216A may be configured to utilize other methods for providing an audio source

202A with a distinct perceptual location relative to a listener 104. For example, the

audio source units 216A may be configured to utilize methods that are based on head

related transfer functions (HRTFs).

[0050] The processor 20 IA shown in Figure 2A also includes a control unit 222A.

The control unit 222A may be configured to provide an interface to the audio source

unit engine 210A. For example, the control unit 222A may be configured so that a

requesting entity may change the perceptual location of one or more of the audio

sources 202A via the control unit 222A.

[0051] Figure 2A shows the control unit 222A receiving a request 224A to change

the perceptual location of one of the audio sources 202A to a new perceptual location.

The request 224A includes an identifier 226A that identifies a particular audio source

202A that is to have its perceptual location changed. The request 224A also indicates

the new perceptual location of the audio source 202A. In particular, the request 224A

includes an indication 228A of the perceptual angle corresponding to the new

perceptual location of the audio source 202A. The request 224A also includes an

indication 230A of the desired duration for transitioning to the new perceptual location.

[0052] In response to receiving the request 224A, the control unit 222A may

generate one or more control signals 232A to provide to the audio source unit engine

210A. The control signal(s) 232A may be configured to cause the audio source unit

engine 210A to change the perceptual location of the applicable audio source 202A

from its current perceptual location to the new perceptual location that is specified in

the request 224A. The control unit 222A may provide the control signal(s) 232A to the

audio source unit engine 210A. In response to receiving the control signal(s) 232A, the

audio source unit engine 210A (and more specifically, the applicable audio source unit



216A) may change the perceptual location of the applicable audio source 202A from its

current perceptual location to the new perceptual location that is specified in the request

224A.

[0053] Figure 3 illustrates a method 300 for providing an interface to a processing

engine 210 that utilizes intelligent audio mixing techniques. The illustrated method 300

may be performed by the control unit 222 in the apparatus 200 shown in Figure 2 .

[0054] In accordance with the method 300, a request 224 to change the perceptual

location of an audio source 202 may be received 302. Values of parameters of the

processing engine 210 that are associated with the new perceptual location may be

determined 304. Commands may be generated 306 for setting the parameters to the

new values. Control signal(s) 232 may be generated 308. The control signal(s) 232

may include the commands for setting the parameters to the new values, and thus the

control signal(s) 232 may be configured to cause the processing engine 210 to change

the perceptual location of the audio source 202 from its current perceptual location to

the new perceptual location that is specified in the request 224. The control signal(s)

232 may be provided 310 to the processing engine 210. In response to receiving the

control signal(s) 232, the processing engine 210 may change the perceptual location of

the audio source 202 to the new perceptual location.

[0055] The method of Figure 3 described above may be performed by

corresponding means-plus-function blocks illustrated in Figure 4 . In other words,

blocks 302 through 310 illustrated in Figure 3 correspond to means-plus-function blocks

402 through 410 illustrated in Figure 4 .

[0056] Figure 5 illustrates an audio source processor 516 that may be utilized in the

apparatus 200 shown in Figure 2 . The audio source processor 516 may be configured to

change the perceptual location of an audio source 202 within an audio mixture 212.

This may be accomplished by separate foreground processing and background

processing of an incoming input audio source 202'. More specifically, the audio source

processor 516 may split an incoming input audio source 202' into two signals, a

foreground signal and a background signal. The foreground signal and the background

signal may then be processed separately. In other words, there may be at least one

difference between the way that the foreground signal is processed as compared to the

way that the background signal is processed.



[0057] The audio source processor 516 is shown with a foreground angle control

component 534 and a foreground attenuation component 536 for processing the

foreground signal. The audio source processor 516 is also shown with a background

angle control component 538 and a background attenuation component 540 for

processing the background signal.

[0058] The foreground angle control component 534 may be configured to process

the foreground signal so that the foreground signal includes a perceptual angle within

the foreground region 106. This perceptual angle may be referred to as a foreground

perceptual angle. The foreground attenuation component 536 may be configured to

process the foreground signal in order to provide a desired level of attenuation for the

foreground signal.

[0059] The background angle control component 538 may be configured to process

the background signal so that the background signal includes a perceptual angle within

the background region 108. This perceptual angle may be referred to as a background

perceptual angle. The background attenuation component 540 may be configured to

process the background signal in order to provide a desired level of attenuation for the

background signal.

[0060] The foreground angle control component 534, foreground attenuation

component 536, background angle control component 538, and background attenuation

component 540 may function together to provide a perceptual location for an audio

source 202. For example, to provide a perceptual location that is within the foreground

region 106, the background attenuation component 540 may be configured to attenuate

the background signal, while the foreground attenuation component 536 may be

configured to allow the foreground signal to pass without being attenuated. The

foreground angle control component 534 may be configured to provide the appropriate

perceptual angle within the foreground region 106. Conversely, to provide a perceptual

location that is within the background region 108, the foreground attenuation

component 536 may be configured to attenuate the foreground signal, while the

background attenuation component 540 may be configured to allow the background

signal to pass without being attenuated. The background angle control component 538

may be configured to provide the appropriate perceptual angle within the background

region 108.



[0061] Figure 5 also shows control signals 532 being sent to the audio source

processor 516 by a control unit 522. These control signals 532 are examples of control

signals 232 that may be sent by the control unit 210 that is shown in the apparatus 200

of Figure 2 .

[0062] As indicated above, the control unit 522 may generate the control signals

532 in response to receiving a request 224 to change the perceptual location of an audio

source 202. As part of generating the control signals 532, the control unit 522 may be

configured to determine new values for parameters associated with the processing

engine 210, and more specifically, with the audio source processor 516. The control

signals 532 may include commands for setting the parameters to the new values.

[0063] The control signals 532 are shown with foreground angle control commands

542, foreground attenuation commands 544, background angle control commands 546,

and background attenuation commands 548. The foreground angle control commands

542 may be commands for setting parameters associated with the foreground angle

control component 534. The foreground attenuation commands 544 may be commands

for setting parameters associated with the foreground attenuation component 536. The

background angle control commands 546 may be commands for setting parameters

associated with the background angle control component 538. The background

attenuation commands 548 may be commands for setting parameters associated with the

background attenuation component 540.

[0064] Figure 6 illustrates an audio source processor 616. The audio source

processor 616 is one possible implementation of the audio source processor 516 that is

shown in Figure 5 .

[0065] The audio source processor 616 is shown receiving an input audio source

602'. The input audio source 602' is a stereo audio source with two channels, a left

channel 602a' and a right channel 602b'. The input audio source 602' is shown being

split into two signals, a foreground signal 650 and a background signal 652. The

foreground signal 650 is shown with two channels, a left channel 650a and a right

channel 650b. Similarly, the background signal 652 is shown with two channels, a left

channel 652a and a right channel 652b. The foreground signal is shown being

processed along a foreground path, while the background signal 652 is shown being

processed along a background path.



[0066] The left channel 652a and the right channel 652b of the background signal

652 are shown being processed by two low pass filters (LPFs) 662, 664. The right

channel 652b of the background signal 652 is then shown being processed by a delay

line 666. The length of the delay line 666 may be relatively short (e.g., 10

milliseconds). Due to a precedence effect, the interaural time difference (ITD) brought

by the delay line 666 could result in a sound image skew (i.e., the sound is not

perceived as centered) when both channels 652a, 652b are set to the same level. To

counteract this, the left channel 652a of the background signal 652 is then shown being

processed by an interaural intensity difference (HD) attenuation component 668. The

gain of the HD attenuation component 668 may be tuned according to sampling rate and

the length of the delay line 666. The processing that is done by the LPFs 662, 664, the

delay line 666, and the HD attenuation component 668 may make the background signal

652 sound more diffuse than the foreground signal 650.

[0067] The audio source processor 616 is shown with a foreground angle control

component 634. As indicated above, the foreground angle control component 634 may

be configured to provide a foreground perceptual angle for the foreground signal 650.

In addition, because the input audio source 602' is a stereo audio source, the foreground

angle control component 634 may also be configured to balance the contents of the left

channel 650a and the right channel 650b of the foreground signal 650. This may be

done for the purpose of preserving contents of the left channel 650a and the right

channel 650b of the foreground signal 650 for any perceptual angle that the foreground

signal 650 may be set to.

[0068] The audio source processor 616 is also shown with a background angle

control component 638. As indicated above, the background angle control component

638 may be configured to provide a background perceptual angle for the background

signal 652. In addition, because the input audio source 602' is a stereo audio source, the

background angle control component 638 may also be configured to balance the

contents of the left channel 652a and the right channel 652b of the background signal

652. This may be done for the purpose of preserving contents of the left channel 652a

and the right channel 652b of the background signal 652 for any perceptual angle that

the background signal 652 may be set to.



[0069] The audio source processor 616 is also shown with a foreground attenuation

component 636. As indicated above, the foreground attenuation component 636 may be

configured to process the foreground signal 650 in order to provide a desired level of

attenuation for the foreground signal 650. The foreground attenuation component 636

is shown with two scalars 654, 656. Collectively, these scalars 654, 656 may be

referred to as foreground attenuation scalars 654, 656.

[0070] The audio source processor 616 is also shown with a background attenuation

component 640. As indicated above, the background attenuation component 640 may

be configured to process the background signal 652 in order to provide a desired level

of attenuation for the background signal 652. The background attenuation component

640 is shown with two scalars 658, 660. Collectively, these scalars 658, 660 may be

referred to as background attenuation scalars 658, 660.

[0071] The values of the foreground attenuation scalars 654, 656 may be set to

achieve the desired level of attenuation for the foreground signal 650. Similarly, the

values of the background attenuation scalars 658, 660 may be set to achieve the desired

level of attenuation for the background signal 652. For example, to completely

attenuate the foreground signal 650, the foreground attenuation scalars 654, 656 may be

set to a minimum value (e.g., zero). In contrast, to allow the foreground signal 650 to

pass without being attenuated, these scalars 654, 656 may be set to a maximum value

(e.g., unity).

[0072] An adder 670 is shown combining the left channel 650a of the foreground

signal 650 with the left channel 652a of the background signal 652. The adder 670 is

shown outputting the left channel 602a of the output audio source 602. Another adder

672 is shown combining the right channel 650b of the foreground signal 650 with the

right channel 652b of the background signal 652. This adder 672 is shown outputting

the right channel 602b of the output audio source 602.

[0073] The audio source processor 616 illustrates how separate foreground

processing and background processing may be implemented in order to change the

perceptual location of an audio source 602. An input audio source 602' is shown being

split into two signals, a foreground signal 650 and a background signal 652. The

foreground signal 650 and the background signal 652 are then processed separately. In

other words, there are differences between the way that the foreground signal 650 is



processed as compared to the way that the background signal 652 is processed. The

specific differences shown in Figure 6 are that the foreground signal 650 is processed

with a foreground angle control component 634 and a foreground attenuation

component 636, whereas the background signal 652 is processed with a background

angle control component 638 and a background attenuation component 640. In

addition, the background signal 652 is processed with components (i.e., low pass filters

662, 664, a delay line 666, and an HD attenuation component 668) that make the

background signal 652 sound more diffuse than the foreground signal 650, whereas the

foreground signal 650 is not processed with these components.

[0074] The audio source processor 616 of Figure 6 is just an example of one way

that separate foreground processing and background processing may be implemented in

order to change the perceptual location of an audio source 602. Separate foreground

processing and background processing may be achieved using different components

than those shown in Figure 6 . The phrase "separate foreground and background

processing" should not be construed as being limited to the specific components and

configuration shown in Figure 6 . Instead, separate foreground and background

processing means that an input audio source 602' is split into a foreground signal 650

and a background signal 652, and there is at least one difference between the way that

the foreground signal 650 is processed as compared to the way that the background

signal 652 is processed.

[0075] Figure 7 illustrates a foreground angle control component 734. The

foreground angle control component 734 is one possible implementation of the

foreground angle control component 634 in the audio source processor 616 of Figure 6 .

The foreground angle control component 734 is shown with two inputs: the left channel

750a of a foreground signal 750, and the right channel 750b of a foreground signal 750.

[0076] As indicated above, the foreground angle control component 734 may be

configured to balance contents of the left channel 750a and the right channel 750b of the

foreground signal 750. This may be accomplished by redistributing the contents of the

left channel 750a and the right channel 750b of the foreground signal 750 to two signals

774a, 774b. These signals 774a, 774b may be referred to as content-balanced signals

774a, 774b. The content-balanced signals 774a, 774b may both include a substantially

equal mixture of the contents of the left channel 750a and the right channel 750b of the



foreground signal 750. To distinguish the content-balanced signals 774 from each

other, one content-balanced signal 774a may be referred to as a left content-balanced

signal 774a, while the other content-balanced signal 774b may be referred to as a right

content-balanced signal 774b.

[0077] Mixing scalars 776 may be used to redistribute the contents of the left

channel 750a and the right channel 750b of the foreground signal 750 to the two

content-balanced signals 774a, 774b. In Figure 7 these mixing scalars 776 are labeled

as the g_L2L scalar 776a, the g_R2L scalar 776b, the g_L2R scalar 776c, and the

g_R2R scalar 776d. The left content-balanced signal 774a may include the left channel

750a multiplied by the g_L2L scalar 776a, and the right channel 750b multiplied by the

g_R2L scalar 776b. The right content-balanced signal 774b may include the right

channel 750b multiplied by the g_R2R scalar 776d, and the left channel 750a multiplied

by the g_L2R scalar 776c.

[0078] As indicated above, the foreground angle control component 734 may also

be configured to provide a perceptual angle within the foreground region 106 for the

foreground signal 750. This may be accomplished through the use of two scalars 778,

which may be referred to as foreground angle control scalars 778. In Figure 7 these

foreground angle control scalars 778 are labeled as the g_L scalar 778a and the g_R

scalar 778b. The left content-balanced signal 774a may be multiplied by the g_L scalar

778a, and the right content-balanced signal 774b may be multiplied by the g_R scalar

778b.

[0079] To achieve a perceptual angle between 270° and 0° (i.e., on the left side of

the foreground region 106), the values of the foreground angle control scalars 778 may

be set so that the right content-balanced signal 774b is more greatly attenuated than the

left content-balanced signal 774a. Conversely, to achieve a perceptual angle location

between 0° and 90° (i.e., on the right side of the foreground region 106), the values of

the foreground angle control scalars 778 may be set so that the left content-balanced

signal 774a is more greatly attenuated than the right content-balanced signal 774b. To

achieve a perceptual location that is directly in front of the listener 104 (0°), the values

of the foreground angle control scalars 778 may be set so that the left content-balanced

signal 774a and the right content-balanced signal 774b are equally attenuated.



[0080] Figure 8 illustrates a background angle control component 838. The

background angle control component 838 is one possible implementation of the

background angle control component 638 in the audio source processor 616 of Figure 6 .

The background angle control component 838 is shown with two inputs: the left

channel 852a of a background signal 852, and the right channel 852b of a background

signal 852.

[0081] As indicated above, the background angle control component 838 may be

configured to balance contents of the left channel 852a and the right channel 852b of the

background signal 852. This may be accomplished by redistributing the contents of the

left channel 852a and the right channel 852b of the background signal 852 to two

content-balanced signals 880, which may be referred to as a left content-balanced signal

880a and a right content-balanced signal 880b. The content-balanced signals 880a,

880b may both include a substantially equal mixture of the contents of the left channel

852a and the right channel 852b of the background signal 852.

[0082] Mixing scalars 882 may be used to redistribute the contents of the left

channel 852a and the right channel 852b of the background signal 852 to the two

content-balanced signals 880a, 880b. In Figure 8 these mixing scalars 880 are labeled

as the g_L2L scalar 882a, the g_R2L scalar 882b, the g_L2R scalar 882c, and the

g_R2R scalar 882d. The left content-balanced signal 880a may include the left channel

852a multiplied by the g_L2L scalar 882a, and the right channel 852b multiplied by the

g_R2L scalar 882b. The right content-balanced signal 880b may include the right

channel 852b multiplied by the g_R2R scalar 882d, and the left channel 852a multiplied

by the g_L2R scalar 882c.

[0083] As indicated above, the background angle control component 838 may also

be configured to provide a perceptual angle within the background region 108 for the

background signal 852. This may be accomplished by tuning the values of the four

mixing scalars 882 so that these scalars 882 also perform the function of providing a

perceptual angle for the background signal 882 in addition to the function of

redistributing contents of the left and right channels 852a, 852b of the background

signal 852. Thus, the background angle control component 838 is shown without any

dedicated angle control scalars (such as the g_L scalar 778a and the g_R scalar 778b in

the foreground angle control component 734 shown in Figure 7). The mixing scalars



882 may be referred to as mixing/angle control scalars 882, because they may perform

both of these functions. The mixing/angle control scalars 882 may be able to perform

both mixing and angle control functions because for processing in the background

region 108, the sound is diffused already, so it is not necessary to provide as accurate of

a sound image as in the foreground region 106.

[0084] Figure 9A illustrates how the values of the foreground attenuation scalars

654, 656 and the background attenuation scalars 658, 660 in the audio source processor

616 shown in Figure 6 may change over time as the perceptual location of an audio

source 202 is changed from a current location in the foreground region 106 to a new

location in the background region 108. Figure 9B illustrates how the values of the

foreground attenuation scalars 654, 656 and the background attenuation scalars 658, 660

may change over time as the perceptual location of an audio source 202 is changed from

a current location in the background region 108 to a new location in the foreground

region 106.

[0085] As indicated above, the control signals 532 that the control unit 522 sends to

the audio source processor 516 may include foreground attenuation commands 544 and

background attenuation commands 548. The foreground attenuation commands 544

may include commands for setting the values of the foreground attenuation scalars 654,

656 in accordance with the values shown in Figures 9A and 9B. The foreground

attenuation commands 544 may cause the values of the foreground attenuation scalars

654, 656 to gradually decrease (Figure 9A) or to gradually increase (Figure 9B), as

appropriate. The background attenuation commands 548 may include commands for

setting the values of the background attenuation scalars 658, 660 in accordance with the

values shown in Figures 9A and 9B. The background attenuation commands 548 may

cause the values of the background attenuation scalars 658, 660 to gradually increase

(Figure 9A) or to gradually decrease (Figure 9B), as appropriate.

[0086] The values of the foreground attenuation scalars 654, 656 and the

background attenuation scalars 658, 660 shown in Figures 9A and 9B are examples

only. Other values for these scalars 654, 656, 658, 660 may be used. For example, the

values for the foreground left scalar 654 and the foreground right scalar 656 could be

switched, and the values for the background left scalar 658 and the background right

scalar 660 could be switched. This may cause the transition between foreground and



background to appear to the "opposite side", i.e., a left-side transition with the values as

shown in Figures 9A and 9B may become a right-side transition if the values were

switched as described above. The sound as a whole may not be an exact left-right

mirror, however, because the control unit 522 may be configured to automatically

choose the arc that is less than 180 degrees to execute. For example, consider a

transition from 120° to 270°. For this type of transition, the values shown in Figures 9A

and 9B would make an arc-like movement on the left side of a sonic space. If the

values were switched as described above, the arc would be along the right side instead,

but would still start from 120° and end at 270°.

[0087] Figure 10 is a table 1084 that illustrates examples of possible values for the

foreground attenuation scalars 654, 656 and the background attenuation scalars 658, 660

in the audio source processor 616 shown in Figure 6 when the perceptual location of an

audio source 202 changes within the foreground region 106, or within the background

region 108. As can be seen from this table 1084, the values of the foreground

attenuation scalars 654, 656 and the background attenuation scalars 658, 660 may not

change during these types of transitions.

[0088] The table 1084 includes a column 1086 that shows examples of values for

the foreground attenuation scalars 654, 656 and the background attenuation scalars 658,

660 when the perceptual location of an audio source 202 is changed from a current

location in the foreground region 106 to a new location that is also in the foreground

region 106. Another column 1088 shows examples of values for the foreground

attenuation scalars 654, 656 and the background attenuation scalars 658, 660 when the

perceptual location of an audio source 202 is changed from a current location in the

background region 108 to a new location that is also in the background region 108.

[0089] Figure 11 is a graph 1190 showing examples of possible values for the

foreground angle control scalars 778a, 778b in the foreground angle control component

734 shown in Figure 7 relative to possible perceptual locations within the foreground

region 106 (i.e., from 270° to 360°, and from 0° to 90°). The foreground angle control

scalars 778a, 778b are labeled as the g_L scalar 778a and the g_R scalar 778b. These

labels correspond to the labels that are provided for the foreground angle control scalars

778a, 778b in Figure 7 .



[0090] As indicated above, the control signals 532 that the control unit 522 sends to

the audio source processor 516 may include foreground angle control commands 542.

The foreground angle control commands 542 may include commands for setting the

values of the foreground angle control scalars 778a, 778b in accordance with the values

shown in Figure 11. If the perceptual location is changing from the background region

108 to the foreground region 106, the foreground angle control commands 542 may be

configured to immediately set the foreground angle control scalars 778a, 778b to values

that correspond to the new perceptual location of the audio source 202 in the foreground

region 106. If the perceptual location is changing within the foreground region 106, the

foreground angle control commands 542 may be configured to gradually transition the

values of the foreground angle control scalars 778a, 778b from values corresponding to

the current perceptual location to values corresponding to the new perceptual location.

[0091] Figure 12 illustrates examples of possible values for the mixing scalars 776

in the foreground angle control component 734 shown in Figure 7 relative to possible

perceptual locations within the foreground region 106 (i.e., from 270° to 360°, and from

0° to 90°). The mixing scalars 776 are labeled as the g_L2L scalar 776a, the g_R2L

scalar 776b, the g_L2R scalar 776c, and the g_R2R scalar 776d. These labels

correspond to the labels that are provided for the mixing scalars 776 in Figure 7 .

[0092] As indicated above, the control signals 532 that the control unit 522 sends to

the audio source processor 516 may include foreground angle control commands 542.

The foreground angle control commands 542 may include commands for setting the

values of the mixing scalars 776 in accordance with the values shown in Figure 12. If

the perceptual location is changing from the background region 108 to the foreground

region 106, the foreground angle control commands 542 may be configured to

immediately set the mixing scalars 776 to values that correspond to the new perceptual

location of the audio source 202 in the foreground region 106. If the perceptual location

is changing within the foreground region 106, the foreground angle control commands

542 may be configured to gradually transition the values of the mixing scalars 776 from

values corresponding to the current perceptual location to values corresponding to the

new perceptual location.

[0093] Figure 13 illustrates examples of possible values for the mixing/angle

control scalars 882 in the background angle control component 838 shown in Figure 8



relative to possible perceptual locations within the background region 108 (i.e., from

270° to 90°). The mixing/angle control scalars 882 are labeled as the g_L2L scalar

882a, the g_R2L scalar 882b, the g_L2R scalar 882c, and the g_R2R scalar 882d.

These labels correspond to the labels that are provided for the mixing/angle control

scalars 882 in Figure 8.

[0094] As indicated above, the control signals 532 that the control unit 522 sends to

the audio source processor 516 may include background angle control commands 546.

The background angle control commands 546 may include commands for setting the

values of the mixing/angle control scalars 882 in accordance with the values shown in

Figure 13. If the perceptual location is changing from the foreground region 106 to the

background region 108, the background angle control commands 546 may be

configured to immediately set the mixing/angle control scalars 882 to values that

correspond to the new perceptual location of the audio source 202 in the background

region 108. If the perceptual location is changing within the background region 108,

the background angle control commands 546 may be configured to gradually transition

the values of the mixing/angle control scalars 882 from values corresponding to the

current perceptual location to values corresponding to the new perceptual location.

[0095] Figure 14 illustrates a method 1400 for providing a distinct perceptual

location for an audio source 602 within an audio mixture 212. The method 1400 may

be performed by the audio source processor 616 that is shown in Figure 6 .

[0096] In accordance with the method 1400, an input audio source 602' may be split

1402 into a foreground signal 650 and a background signal 652. The foreground signal

650 may be processed differently than the background signal 652.

[0097] The processing of the foreground signal 650 will be discussed first. If the

input audio source 602' is a stereo audio source, the foreground signal 650 may be

processed 1404 to balance contents of the left channel 650a and the right channel 650b

of the foreground signal 650. The foreground signal 650 may also be processed 1406 to

provide a foreground perceptual angle for the foreground signal 650. The foreground

signal 650 may also be processed 1408 to provide a desired level of attenuation for the

foreground signal 650.

[0098] The processing of the background signal 652 will now be discussed. The

background signal 652 may be processed 1410 so that the background signal 652



sounds more diffuse than the foreground signal 650. If the input audio source 602' is a

stereo audio source, the background signal 652 may be processed 1412 to balance

contents of the left channel 652a and the right channel 652b of the background signal

652. The background signal 652 may also be processed 1414 to provide a background

perceptual angle for the background signal 652. The background signal 652 may also

be processed 1416 to provide a desired level of attenuation for the background signal

652.

[0099] The foreground signal 650 and the background signal 652 may then be

combined 1418 into an output audio source 602. The output audio source 602 may then

be combined with other output audio sources to create an audio mixture 212.

[00100] The method 1400 of Figure 14 illustrates how separate foreground

processing and background processing of an input audio source 602' may be

implemented. The steps of balancing 1404 contents of the left channel 650a and the

right channel 650b of the foreground signal 650, providing 1406 a foreground

perceptual angle for the foreground signal 650, and providing 1408 a desired level of

attenuation for the foreground signal 650 correspond to foreground processing of the

input audio source 602'. The steps of processing 1410 the background signal 652 to

sound more diffuse than the foreground signal 650, balancing 1412 contents of the left

channel 652a and the right channel 652b of the background signal 652, providing 1414

a background perceptual angle for the background signal 652, and providing 1416 a

desired level of attenuation for the background signal 652 correspond to background

processing of the input audio source 602'. Because there is at least one difference

between the way that the foreground signal 650 is processed as compared to the way

that the background signal 652 is processed, it may be said that the foreground signal

650 is processed separately than the background signal 652.

[00101] Although the method 1400 of Figure 14 illustrates one way that separate

foreground processing and background processing may be implemented in order to

change the perceptual location of an audio source 602, the phrase "separate foreground

and background processing" should not be construed as being limited to the specific

steps shown in Figure 14. Instead, as indicated above, separate foreground and

background processing means that an input audio source 602' is split into a foreground

signal 650 and a background signal 652, and there is at least one difference between the



way that the foreground signal 650 is processed as compared to the way that the

background signal 652 is processed.

[00102] The method 1400 of Figure 14 described above may be performed by

corresponding means-plus-function blocks illustrated in Figure 15. In other words,

blocks 1402 through 1418 illustrated in Figure 14 correspond to means-plus-function

blocks 1502 through 1518 illustrated in Figure 15.

[00103] Figure 16 illustrates a method 1600 for changing the perceptual location of

an audio source 602. The method 1600 may be performed by the audio source

processor 616 that is shown in Figure 6 .

[00104] In accordance with the method 1600, control signals 532 may be received

1602 from a control unit 522. These control signals 532 may include commands for

setting various parameters of the audio source processor 616.

[00105] For example, suppose that the perceptual location of an audio source 602 is

being changed from the foreground region 106 to the background region 108. The

control signals 532 may include commands 546 to immediately set the mixing/angle

control scalars 882 within the background angle control component 838 to values that

correspond to the new perceptual location of the audio source 602. The values of the

mixing/angle control scalars 882 may be changed 1604 in accordance with these

commands 546.

[00106] The control signals 532 may also include commands 548 to gradually

transition the values of the background attenuation scalars 658, 660 from values that

result in complete attenuation of the background signal 652 to values that result in no

attenuation of the background signal 652. The values of the background attenuation

scalars 658, 660 may be changed 1606 in accordance with these commands 548.

[00107] The control signals 532 may also include commands 544 to gradually

transition the values of the foreground attenuation scalars 654, 656 from values that

result in no attenuation of the foreground signal 650 to values that result in complete

attenuation of the foreground signal 650. The values of the foreground attenuation

scalars 654, 656 may be changed 1608 in accordance with these commands 544.

[00108] Conversely, suppose that the perceptual location of an audio source 602 is

being changed from the background region 108 to the foreground region 106. The

control signals 532 may include commands 542 to immediately set the foreground



mixing scalars 776 and the foreground angle control scalars 778 within the foreground

angle control component 734 to values that correspond to the new perceptual location of

the audio source 602. The values of the foreground mixing scalars 776 and the

foreground angle control scalars 778 may be changed 1610 in accordance with these

commands 542.

[00109] The control signals 532 may also include commands 544 to gradually

transition the values of the foreground attenuation scalars 654, 656 from values that

result in complete attenuation of the foreground signal 650 to values that result in no

attenuation of the foreground signal 650. The values of the foreground attenuation

scalars 654, 656 may be changed 1612 in accordance with these commands 544.

[00110] The control signals 532 may also include commands 548 to gradually

transition the values of the background attenuation scalars 658, 660 from values that

result in no attenuation of the background signal 652 to values that result in complete

attenuation of the background signal 652. The values of the background attenuation

scalars 658, 660 may be changed 1614 in accordance with these commands 548.

[00111] If the perceptual location of an audio source 602 is being changed within the

background region 108, the control signals 532 may also include commands 546 to

gradually transition the values of the mixing/angle control scalars 882 within the

background angle control component 838 from values that correspond to the current

perceptual location to values that correspond to the new perceptual location. The values

of the mixing/angle control scalars 882 may be changed 1616 in accordance with these

commands 548.

[00112] If the perceptual location of an audio source 602 is being changed within the

foreground region 106, the control signals 532 may also include commands 542 to

gradually transition the values of the foreground mixing scalars 776 and the foreground

angle control scalars 778 within the foreground angle control component 734 from

values that correspond to the current perceptual location to values that correspond to the

new perceptual location. The values of the foreground mixing scalars 776 and the

foreground angle control scalars 778 may be changed 1618 in accordance with these

commands 542.

[00113] The method 1600 of Figure 16 may be implemented such that for any

transition, the arc that is less than 180° to execute may be automatically selected. For



example, consider a transition from 120° to 270°. With reference to the definition of a

perceptual angle that is shown in Figure 1 (where 0° is straight in front of the listener

104), this transition could be made in a counter-clockwise direction or a clockwise

direction. However, in this example the clockwise direction would be less than 180°

and the counter-clockwise direction would be greater than 180°. As a result, the arc that

corresponds to the clockwise direction may be automatically selected.

[00114] The method 1600 of Figure 16 described above may be performed by

corresponding means-plus-function blocks 1700 illustrated in Figure 17. In other

words, blocks 1602 through 1618 illustrated in Figure 16 correspond to means-plus-

function blocks 1702 through 1718 illustrated in Figure 17.

[00115] Figure 18 illustrates an audio source processor 1816. The audio source

processor 1816 is another possible implementation of the audio source processor 516 of

Figure 5 . The audio source processor 1816 is configured to process single-channel

(mono) audio signals.

[00116] The audio source processor 1816 shown in Figure 18 may be similar in some

respects to the audio source processor 616 shown in Figure 6 . Components of the audio

source processor 1816 shown in Figure 18 that are similar to components of the audio

source processor 616 shown in Figure 6 are labeled with corresponding reference

numbers.

[00117] There are some differences between the audio source processor 1816 shown

in Figure 18 and the audio source processor 616 shown in Figure 6 . For example, the

audio source processor 1816 is shown receiving an input audio source 1802' that has

just one channel. In contrast, the audio source processor 616 shown in Figure 6 is

shown receiving an input audio source 602' having two channels 602a', 602b'.

[00118] The input audio source 1802' is shown being split into a foreground signal

1850 and a background signal 1852. Because the input audio source 1802' includes one

channel, the foreground signal 1850 and the background signal 1852 both initially

include one channel.

[00119] Because the foreground signal 1850 initially includes just one channel, the

foreground angle control component 1834 may be configured to receive just one input

1850. In contrast, as discussed above, the foreground angle control component 634 in

the audio source processor 616 of Figure 6 may be configured to receive two inputs



650a, 650b. The foreground angle control component 1834 shown in Figure 18 may be

configured to split the single channel of the foreground signal 1850 into two signals.

[00120] The foreground angle control component 1834 in the audio source processor

1816 of Figure 18 may be configured to provide a foreground perceptual angle for the

foreground signal 1850. However, because the foreground signal 1850 initially includes

one channel, the foreground angle control component 1834 may not be configured to

balance the contents of multiple channels, as was the case with the foreground angle

control component 634 in the audio source processor 616 of Figure 6 .

[00121] As mentioned, the background signal 1852 also initially includes just one

channel. Thus, the audio source processor 1816 of Figure 18 is shown with just one low

pass filter 1862, instead of the two low pass filters 662, 664 that are shown in the audio

source processor 616 of Figure 6 . The output of the single low pass filter 1862 may be

split into two signals, one signal that is provided to the delay line 1866, and another

signal that is provided to the HD attenuation component 1868.

[00122] The audio source processor 1816 shown in Figure 18 illustrates another

example of how separate foreground processing and background processing may be

implemented in order to change the perceptual location of an audio source 1802. An

input audio source 1802' is shown being split into two signals, a foreground signal 1850

and a background signal 1852. The foreground signal 1850 and the background signal

1852 are then processed separately. In other words, there are differences between the

way that the foreground signal 1850 is processed as compared to the way that the

background signal 1852 is processed. These differences were described above.

[00123] Figure 19 illustrates a foreground angle control component 1934. The

foreground angle control component 1934 is one possible implementation of the

foreground angle control component 1834 in the audio source processor 1816 of Figure

18.

[00124] The foreground angle control component 1934 is shown receiving the single

channel of a foreground signal 1950 as input. The foreground angle control component

1934 may be configured to provide a foreground perceptual angle for the foreground

signal 1950. This may be accomplished through the use of two foreground angle

control scalars 1978a, 1978b, which in Figure 19 are labeled as the g_L scalar 1978a

and the g_R scalar 1978b. The foreground signal 1950 may be split into two signals



1950a, 1950b. One signal 1950a may be multiplied by the g_L scalar 1978a, and the

other signal 1950b may be multiplied by the g_R scalar 1978b.

[00125] Figure 20 illustrates various components that may be utilized in an apparatus

2001 that may be used to implement the various methods disclosed herein. The

illustrated components may be located within the same physical structure or in separate

housings or structures. Thus, the term apparatus 2001 is used to mean one or more

broadly defined computing devices unless it is expressly stated otherwise. Computing

devices include the broad range of digital computers including microcontrollers, hand

held computers, personal computers, servers, mainframes, supercomputers,

minicomputers, workstations, and any variation or related device thereof.

[00126] The apparatus 2001 is shown with a processor 2003 and memory 2005. The

processor 2003 may control the operation of the apparatus 2001 and may be embodied

as a microprocessor, a microcontroller, a digital signal processor (DSP) or other device

known in the art. The processor 2003 typically performs logical and arithmetic

operations based on program instructions stored within the memory 2005. The

instructions in the memory 2005 may be executable to implement the methods described

herein.

[00127] The apparatus 2001 may also include one or more communication interfaces

2007 and/or network interfaces 2013 for communicating with other electronic devices.

The communication interface(s) 2007 and the network interface(s) 2013 may be based

on wired communication technology, wireless communication technology, or both.

[00128] The apparatus 2001 may also include one or more input devices 2009 and

one or more output devices 201 1. The input devices 2009 and output devices 201 1 may

facilitate user input. Other components 2015 may also be provided as part of the

apparatus 2001.

[00129] Figure 20 illustrates one possible configuration of an apparatus 2001.

Various other architectures and components may be utilized.

[00130] As used herein, the term "determining" (and grammatical variants thereof) is

used in an extremely broad sense. The term "determining" encompasses a wide variety

of actions and, therefore, "determining" can include calculating, computing, processing,

deriving, investigating, looking up (e.g., looking up in a table, a database or another

data structure), ascertaining and the like. Also, "determining" can include receiving



(e.g., receiving information), accessing (e.g., accessing data in a memory) and the like.

Also, "determining" can include resolving, selecting, choosing, establishing and the

like.

[00131] Information and signals may be represented using any of a variety of

different technologies and techniques. For example, data, instructions, commands,

information, signals and the like that may be referenced throughout the above

description may be represented by voltages, currents, electromagnetic waves, magnetic

fields or particles, optical fields or particles or any combination thereof.

[00132] The various illustrative logical blocks, modules and circuits described in

connection with the present disclosure may be implemented or performed with a general

purpose processor, a digital signal processor (DSP), an application specific integrated

circuit (ASIC), a field programmable gate array signal (FPGA) or other programmable

logic device, discrete gate or transistor logic, discrete hardware components or any

combination thereof designed to perform the functions described herein. A general

purpose processor may be a microprocessor, but in the alternative, the processor may be

any commercially available processor, controller, microcontroller or state machine. A

processor may also be implemented as a combination of computing devices, e.g., a

combination of a DSP and a microprocessor, a plurality of microprocessors, one or

more microprocessors in conjunction with a DSP core or any other such configuration.

[00133] The steps of a method or algorithm described in connection with the present

disclosure may be embodied directly in hardware, in a software module executed by a

processor or in a combination of the two. A software module may reside in any form of

storage medium that is known in the art. Some examples of storage media that may be

used include RAM memory, flash memory, ROM memory, EPROM memory,

EEPROM memory, registers, a hard disk, a removable disk, a CD-ROM and so forth. A

software module may comprise a single instruction, or many instructions, and may be

distributed over several different code segments, among different programs and across

multiple storage media. A storage medium may be coupled to a processor such that the

processor can read information from, and write information to, the storage medium. In

the alternative, the storage medium may be integral to the processor.

[00134] The methods disclosed herein comprise one or more steps or actions for

achieving the described method. The method steps and/or actions may be interchanged



with one another without departing from the scope of the claims. In other words, unless

a specific order of steps or actions is specified, the order and/or use of specific steps

and/or actions may be modified without departing from the scope of the claims.

[00135] The functions described may be implemented in hardware, software,

firmware, or any combination thereof. If implemented in software, the functions may

be stored on or transmitted over as one or more instructions or code on a computer-

readable medium. Computer-readable media includes both computer storage media and

communication media including any medium that facilitates transfer of a computer

program from one place to another. A storage media may be any available media that

can be accessed by a computer. By way of example, and not limitation, such computer-

readable media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk

storage, magnetic disk storage or other magnetic storage devices, or any other medium

that can be used to carry or store desired program code in the form of instructions or

data structures and that can be accessed by a computer. Also, any connection is

properly termed a computer-readable medium. For example, if the software is

transmitted from a website, server, or other remote source using a coaxial cable, fiber

optic cable, twisted pair, digital subscriber line (DSL), or wireless technologies such as

infrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair,

DSL, or wireless technologies such as infrared, radio, and microwave are included in

the definition of medium. Disk and disc, as used herein, includes compact disc (CD),

laser disc, optical disc, digital versatile disc (DVD), floppy disk and blu-ray disc where

disks usually reproduce data magnetically, while discs reproduce data optically with

lasers. Combinations of the above should also be included within the scope of

computer-readable media.

[00136] It is to be understood that the claims are not limited to the precise

configuration and components illustrated above. Various modifications, changes and

variations may be made in the arrangement, operation and details of the methods and

apparatus described above without departing from the scope of the claims.

[00137] What is claimed is:



CLAIMS

1. A method for providing a distinct perceptual location for an audio source within

an audio mixture, comprising:

processing a foreground signal to provide a foreground perceptual angle for the

foreground signal;

processing the foreground signal to provide a desired attenuation level for the

foreground signal;

processing a background signal to provide a background perceptual angle for the

background signal;

processing the background signal to provide a desired attenuation level for the

background signal; and

combining the foreground signal and the background signal into an output audio

source.

2 . The method of claim 1, wherein an input audio source is a stereo audio source,

and further comprising:

processing the foreground signal to balance contents of left and right channels of

the foreground signal; and

processing the background signal to balance contents of left and right channels

of the background signal.

3 . The method of claim 1, further comprising gradually changing the perceptual

location of the output audio source from a current perceptual location to a new

perceptual location.

4 . The method of claim 1, further comprising changing the perceptual location of

the output audio source from a current perceptual location in a background region to a

new perceptual location in a foreground region by:

changing foreground angle control scalars and foreground mixing scalars to

correspond to a foreground angle of the new perceptual location;



changing foreground attenuation scalars in order to decrease attenuation of the

foreground signal; and

changing background attenuation scalars in order to increase attenuation of the

background signal.

5 . The method of claim 1, further comprising changing the perceptual location of

the output audio source from a current perceptual location in a foreground region to a

new perceptual location in a background region by:

changing background control scalars to correspond to a background angle of the

new perceptual location;

changing background attenuation scalars in order to decrease attenuation of the

background signal; and

changing foreground attenuation scalars in order to increase attenuation of the

foreground signal.

6 . The method of claim 1, further comprising changing the perceptual location of

the output audio source within a foreground region by gradually changing foreground

angle control scalars and foreground mixing scalars to correspond to a foreground angle

of a new perceptual location.

7 . The method of claim 1, further comprising changing the perceptual location of

the output audio source within a background region by gradually changing background

control scalars to correspond to a background angle of a new perceptual location.

8. An apparatus for providing a distinct perceptual location for an audio source

within an audio mixture, comprising:

a foreground angle control component that is configured to process a foreground

signal to provide a foreground perceptual angle for the foreground

signal;

a foreground attenuation component that is configured to process the foreground

signal to provide a desired attenuation level for the foreground signal;



a background angle control component that is configured to process a

background signal to provide a background perceptual angle for the

background signal;

a background attenuation component that is configured to process the

background signal to provide a desired attenuation level for the

background signal; and

an adder that is configured to combine the foreground signal and the background

signal into an output audio source.

9 . The apparatus of claim 8, wherein an input audio source is a stereo audio source,

wherein the foreground angle control component is further configured to process the

foreground signal to balance contents of left and right channels of the foreground signal,

and wherein the background angle control component is further configured to process

the background signal to balance contents of left and right channels of the background

signal.

10. The apparatus of claim 8, wherein the foreground angle control component, the

foreground attenuation component, and the background attenuation component are

configured to change the perceptual location of the output audio source from a current

perceptual location in a background region to a new perceptual location in a foreground

region by:

changing foreground angle control scalars and foreground mixing scalars to

correspond to a foreground angle of the new perceptual location;

changing foreground attenuation scalars in order to decrease attenuation of the

foreground signal; and

changing background attenuation scalars in order to increase attenuation of the

background signal.

11. The apparatus of claim 8, wherein the foreground attenuation component, the

background angle control component, and the background attenuation component are

configured to change the perceptual location of the output audio source from a current

perceptual location in a foreground region to a new perceptual location in a background

region by:



changing background control scalars to correspond to a background angle of the

new perceptual location;

changing background attenuation scalars in order to decrease attenuation of the

background signal; and

changing foreground attenuation scalars in order to increase attenuation of the

foreground signal.

12. The apparatus of claim 8, wherein the foreground angle control component is

configured to change the perceptual location of the output audio source within a

foreground region by gradually changing foreground angle control scalars and

foreground mixing scalars to correspond to a foreground angle of a new perceptual

location.

13. The apparatus of claim 8, wherein the background angle control component is

configured to change the perceptual location of the output audio source within a

background region by gradually changing background control scalars to correspond to a

background angle of a new perceptual location.

14. A computer-readable medium comprising instructions providing a distinct

perceptual location for an audio source within an audio mixture, which when executed

by a processor causes the processor to:

process a foreground signal to provide a foreground perceptual angle for the

foreground signal;

process the foreground signal to provide a desired attenuation level for the

foreground signal;

process a background signal to provide a background perceptual angle for the

background signal;

process the background signal to provide a desired attenuation level for the

background signal; and

combine the foreground signal and the background signal into an output audio

source.



15. The computer-readable medium of claim 14, wherein an input audio source is a

stereo audio source, and wherein the instructions also cause the processor to:

process the foreground signal to balance contents of left and right channels of

the foreground signal; and

process the background signal to balance contents of left and right channels of

the background signal.

16. The computer-readable medium of claim 14, wherein the instructions also cause

the processor to change the perceptual location of the output audio source from a

current perceptual location in a background region to a new perceptual location in a

foreground region, and wherein changing the perceptual location comprises:

changing foreground angle control scalars and foreground mixing scalars to

correspond to a foreground angle of the new perceptual location;

changing foreground attenuation scalars in order to decrease attenuation of the

foreground signal; and

changing background attenuation scalars in order to increase attenuation of the

background signal.

17. The computer-readable medium of claim 14, wherein the instructions also cause

the processor to change the perceptual location of the output audio source from a

current perceptual location in a foreground region to a new perceptual location in a

background region, and wherein changing the perceptual location comprises:

changing background control scalars to correspond to a background angle of the

new perceptual location;

changing background attenuation scalars in order to decrease attenuation of the

background signal; and

changing foreground attenuation scalars in order to increase attenuation of the

foreground signal.

18. The computer-readable medium of claim 14, wherein the instructions also cause

the processor to change the perceptual location of the output audio source within a

foreground region by gradually changing foreground angle control scalars and



foreground mixing scalars to correspond to a foreground angle of a new perceptual

location.

19. The computer-readable medium of claim 14, wherein the instructions also cause

the processor to change the perceptual location of the output audio source within a

background region by gradually changing background control scalars to correspond to a

background angle of a new perceptual location.

20. An apparatus for providing a distinct perceptual location for an audio source

within an audio mixture, comprising:

means for processing a foreground signal to provide a foreground perceptual

angle for the foreground signal;

means for processing the foreground signal to provide a desired attenuation level

for the foreground signal;

means for processing a background signal to provide a background perceptual

angle for the background signal;

means for processing the background signal to provide a desired attenuation

level for the background signal; and

means for combining the foreground signal and the background signal into an

output audio source.

21. The apparatus of claim 20, wherein an input audio source is a stereo audio

source, and further comprising:

means for processing the foreground signal to balance contents of left and right

channels of the foreground signal; and

means for processing the background signal to balance contents of left and right

channels of the background signal.

22. The apparatus of claim 20, further comprising means for changing the perceptual

location of the output audio source from a current perceptual location in a background

region to a new perceptual location in a foreground region, the means for changing the

perceptual location comprising:



means for changing foreground angle control scalars and foreground mixing

scalars to correspond to a foreground angle of the new perceptual

location;

means for changing foreground attenuation scalars in order to decrease

attenuation of the foreground signal; and

means for changing background attenuation scalars in order to increase

attenuation of the background signal.

23. The apparatus of claim 20, further comprising means for changing the perceptual

location of the output audio source from a current perceptual location in a foreground

region to a new perceptual location in a background region, the means for changing the

perceptual location comprising:

means for changing background control scalars to correspond to a background

angle of the new perceptual location;

means for changing background attenuation scalars in order to decrease

attenuation of the background signal; and

means for changing foreground attenuation scalars in order to increase

attenuation of the foreground signal.

24. The apparatus of claim 20, further comprising means for changing the perceptual

location of the output audio source within a foreground region by gradually changing

foreground angle control scalars and foreground mixing scalars to correspond to a

foreground angle of a new perceptual location.

25. The apparatus of claim 20, further comprising means for changing the perceptual

location of the output audio source within a background region by gradually changing

background control scalars to correspond to a background angle of a new perceptual

location.
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