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(54) AUDIO SYSTEM EQUALIZATION FOR PORTABLE MEDIA PLAYBACK DEVICES

(57) A method, an apparatus, a system, and logic
encoded in a computer-readable storage medium to in-
struct a processing system to carry out the method. The
method includes applying corrective filters directly in a
portable media device to correct, e.g., equalize for the
overall system comprising the portable media device and
the playback system to which it is attached. Also a meth-
od of determining the corrective filters by playing back
one or more calibration signals on the playback system
while recording the resulting sound field on the portable
media device.
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Description

CROSS REFERENCE TO RELATED PATENT APPLI-
CATIONS

[0001] This application claims benefit of priority to U.S.
Provisional Patent Application No. 332,159 filed 6 May
2010 hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present disclosure relates generally to au-
dio signal processing and in particular to audio system
equalization for portable media devices.

BACKGROUND

[0003] Portable media devices have become an ex-
tremely common way for playback of media. Devices that
playback digitally stored audio, such as iPods ® and mo-
bile phones are used for the playback of both music and
audiovisual content. An increasing trend for such devices
is their attachment to a wide variety of reproduction de-
vices and systems for playback of the audio. For exam-
ple, a user might attach her iPod to a home theater system
that include speakers, to a TV with speakers, or to a stan-
dalone docking station with speakers. Each of these is
an example of a different playback system to which the
same portable device might be attached.
[0004] Even though portable playback devices for dig-
itally stored audio have been available for more than a
decade, and portable devices for playback of digitally
stored audio on disk or tape have been around for dec-
ades, there still is a need for equalization of playback of
audio from such devices when connected to one of a set
of possible playback systems. As examples of how long
such devices have been commercially available, the RIO
® portable playback device by Diamond Multimedia, of
California, was introduced in 1998 for MP3 playback. The
PJB-100 Personal Jukebox by HanGo Electronics Co.,
Ltd. of South Korea is generally acknowledged to be the
first hard-drive based device and was commercially in-
troduced in 1999. The Apple IPOD was introduced in
2001. Each of these devices included a digital processor
in order to decompress and render the digitally stored
compressed audio.
[0005] It would be advantageous to include in a port-
able media device equalization filters to be applied to
audio signals directly in the portable media device to
equalize for the overall system comprising the portable
media device and the playback system to which it is at-
tached for an improved listening experience. It further
would be advantageous to include in the portable media
device sets of equalization filters, each set applicable to
a different ones of the playback systems to which the
portable device might be attached to equalize for the
overall system comprising the portable media device and
the playback system to which it is attached. It also would

be advantageous to have an end-user operated method
of determining, using a portable media device, a set of
equalization filters to use in the portable media device
with a particular playback system to equalize for the over-
all system comprising the portable media device and the
playback system to which it is attached.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIGS. 1A and 1B each show a simplified view of a
user, a portable media device, and a playback sys-
tem to which the portable media device can be cou-
pled, with FIG. 1A showing the elements in a cali-
bration mode, and FIG. 1B showing the elements in
a playback mode.

FIG. 2 shows a simplified block diagram of one ex-
ample embodiment of a portable media device that
includes at least one feature of the present invention.

FIG. 3 shows a simplified block diagram of one ex-
ample embodiment of a playback system to which a
portable media device is connectable, and when so
connected is used in carry out a feature of the repent
invention.

FIG. 4 shows a simplified flowchart of an embodi-
ment of a calibration method.

FIG. 5 shows a simplified flowchart of a method of
operating a portable media device for which or on
which is stored the data for a collection of sets of
corrective filters.

FIG. 6 shows a simplified block diagram of one ar-
rangement according to some embodiments of the
invention that include remote storage of the data for
the collection of one or more sets of corrective filters.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Overview

[0007] Embodiments of the present invention include
a method, an apparatus, a system, and logic encoded in
a computer-readable storage medium to instruct a
processing system to carry out the method. The method
includes applying corrective filtering, e.g., equalization
filtering directly in a portable media device at least to
correct for, e.g., equalize for the overall system compris-
ing the portable media device and the playback system
to which it is attached.
[0008] Some embodiments include a method of oper-
ating a portable media device. The method comprises,
while the portable media device is coupled to a particular
playback system, playing back an audio signal on the
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portable media device and particular playback system
combination in a particular listening arrangement while
the portable media device applies a particular set of one
or more corrective filters selected from a pre-stored col-
lection of one or more sets of corrective filters or the data
therefor. The collection of one or more sets of corrective
filters or the data therefor is pre-stored in or for the port-
able media device. Each of one or more sets of the col-
lection is associated with a corresponding listening ar-
rangement and a corresponding playback system. The
particular set of one or more corrective filters is deter-
mined by a calibration process that includes: recording
on the portable media device a sound field resulting from
one or more pre-defined calibration signals being played
back on the particular playback system, the recording
using a microphone built in or connected to the portable
media device while the microphone is at one or more
listener locations of the particular listening arrangement,
analyzing the recording of the sound field to determine
the particular set of one or more corrective filters at least
to equalize for the particular playback system, and storing
the data for the particular set of one or more corrective
filters in or for the portable media device for the particular
playback system.
[0009] Some embodiments include a method of oper-
ating a portable media device, comprising recording on
the portable media device a sound field resulting from
one or more pre-defined calibration signals being played
back on a particular playback system, the recording using
a microphone built in or connected to the portable media
device while the microphone is at one or more listener
locations of a particular listening arrangement. The meth-
od includes analyzing the recording of the sound field to
determine a particular set of one or more corrective filters
at least to equalize for the particular playback system,
and storing the data for the particular set of one or more
corrective filters in or for the portable media device for
the particular playback system, such that while the port-
able media device is coupled to the particular playback
system, an audio signal is playable on the portable media
device and particular playback system combination in
the particular listening arrangement while the portable
media device applies the determined particular set of one
or more corrective filters.
[0010] In some versions, the storing of the data for the
particular set of one or more corrective filters is into a
pre-stored collection of one or more sets of corrective
filters or the data therefor stored in or for the portable
media device, each of one or more sets of the collection
being associated with a corresponding listening arrange-
ment and a corresponding playback system.
[0011] Some embodiments include a portable media
device that includes a playback subsystem configured to
play back a selected audio signal, and a filter subsystem
coupled to the playback subsystem and configured to
apply a set of one or more corrective filters to an audio
signal during playback of the audio signal. The portable
media device further includes a coupling configured to

couple the portable media device to a matching coupling
included in a playback system; a user interface config-
ured to accept input from a user; and a microphone or a
coupling to a microphone. The filter subsystem is config-
ured to apply a particular set of one or more corrective
filters associated with a particular playback system and
particular listening arrangement during playback of an
audio signal via the particular playback system when the
portable media device is coupled to the particular play-
back system in the particular listening arrangement. The
particular set of one or more corrective filters is part of a
collection of one or more sets of corrective filters or the
data therefor pre-stored in or for the portable media de-
vice, each of one or more sets of the collection being
associated with a corresponding listening arrangement
and a corresponding playback system. In some versions,
the portable media device is configured to record a sound
field resulting from one or more pre-defined calibration
signals being played back on the particular playback sys-
tem, the recording using the microphone in or connected
to the portable media device while the microphone is at
one or more listener locations of the particular listening
arrangement. In such some versions, the portable media
device also is configured to analyze the recording of the
sound field to determine the particular set of one or more
corrective filters at least to equalize for the particular play-
back system; and store the data for the particular set of
one or more corrective filters in or for the portable media
device for the particular playback system.
[0012] Some embodiments include a portable media
device that includes: means for playing back an audio
signal, means for filtering configured to apply a set of one
or more corrective filters to an audio signal during play-
back of the audio signal by the means for playing back;
means for coupling the portable media device to a play-
back system; means for accepting input from a user; and
means for recording a sound field. The means for filtering
is configured to apply a particular set of one or more
corrective filters associated with a particular playback
system and particular listening arrangement during play-
back of an audio signal via the particular playback system
when the portable media device is coupled by the means
for coupling to the particular playback system in the par-
ticular listening arrangement. The particular set of one
or more corrective filters is part of a collection of one or
more sets of corrective filters or the data therefor pre-
stored in or for the portable media device, each of one
or more sets of the collection being associated with a
corresponding listening arrangement and a correspond-
ing playback system. Some versions of the portable me-
dia device further include: means for analyzing a record-
ing of a sound field resulting from one or more pre-defined
calibration signals to determine a set of one or more cor-
rective filters; and means for storing the data for a set of
one or more corrective filters. The means for recording
is configured to record a sound field resulting from one
or more pre-defined calibration signals being played back
on the particular playback system at one or more listener
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locations of the particular listening arrangement, the
means for analyzing is configured to analyze the record-
ing of the sound field to determine the particular set of
one or more corrective filters at least to equalize for the
particular playback system; and the means for storing is
configured to store the data for the particular set of one
or more corrective filters in or for the portable media de-
vice for the particular playback system.
[0013] Particular embodiments may provide all, some,
or none of these aspects, features, or advantages. Par-
ticular embodiments may provide one or more other as-
pects, features, or advantages, one or more of which may
be readily apparent to a person skilled in the art from the
figures, descriptions, and claims herein.

Some Embodiments

[0014] FIGS. 1A and 1B each shows a simplified view
of a user 141, a portable media device 121, and a play-
back system 103 to which the portable media device can
be coupled. These are example elements of example
embodiments of the invention. FIG. 1A shows the ele-
ments in a calibration mode, while FIG. 1B shows the
elements in a playback mode.
[0015] The portable media device 121 includes a cou-
pling 127 configured to couple the portable media device
to a matching coupling included in a playback system, in
this case, the playback system 103. The portable media
device 121 also includes a user interface 123, typically
including a display device and a user input mechanism,
such user input mechanism configured to accept com-
mands from the user 141. The portable media device 121
also includes a playback subsystem 128 configured to
play back a selected audio signal and a filter subsystem
129 coupled to the playback subsystem and configured
to apply a set of one or more corrective filters to an audio
signal during playback of the audio signal. Other ele-
ments not shown in these drawings, but shown in more
detailed drawings of the device include a processor and
a storage subsystem, elements of which are included in
some embodiments in the playback subsystem 128 and
the filter subsystem 129. The storage subsystem is con-
figured to store data for one or more sets of corrective
filters, and apply the data of a particular set to the filter
subsystem.
[0016] The playback system 103 includes at least one
loudspeaker 105-two are shown in this example playback
system, and a playback module 107 that includes one or
more audio amplifiers.
[0017] FIG. 1B illustrated one aspect of the invention,
comprising normal playback of an audio signal from a
media file stored in the portable media device 121 while
the portable media device 121 is coupled to the playback
system 103 via coupling 127 and 113 on the media device
127 and playback system 103, respectively. The user
141 is at a particular listener position. The particular lis-
tening environment and locations of the playback system
and listener define a listening arrangement. The playing

back of the audio signal on the portable media device
and particular playback system combination is while the
portable media device 121 applies using the filter sub-
system 129 a particular set of one or more corrective
filters selected for this particular playback system 103
and listening arrangement from a pre-stored collection
of one or more sets of corrective filters.
[0018] As described in more detail below, the collection
of one or more sets of corrective filters, e.g., in the form
of data for the filters, is pre-stored in or for the portable
media device 121 and listening arrangement. Each set
of one or more corrective filters of the collection is asso-
ciated with a corresponding playback system and corre-
sponding listening arrangement.
[0019] FIG. 1A illustrates another aspect of the inven-
tion: a calibration process to determine the particular set
of one or more corrective filters at least to equalize for a
playback system and listening arrangement, in this ex-
ample the particular playback system 103. The portable
media device 121 either includes built in, or is connect-
able to at least one microphone 125. The calibration proc-
ess includes recording on the portable playback device
121 a sound field resulting from at least one pre-defined
calibration signal 111 being played back on the particular
playback system 103 while the microphone 125 is at one
or more desired listener locations of the listening arrange-
ment. The calibration process includes analyzing the re-
cording of the sound field to determine data for the par-
ticular set of one or more corrective filters at least to
equalize for the particular playback system (and possibly
also for the listening environment), and storing the data
for the particular set of one or more corrective filters in
or for the portable media device 121 for the particular
playback system (and listening arrangement). Note that
in some embodiments, the calibration process includes
make recordings from several locations and the results
averaged. Thus there may be more than one desired
listening location associated with a listening arrange-
ment.
[0020] In this manner, the data for a collection of sets
of corrective filters is pre-stored in or for the portable me-
dia device, each set of the collection associated with a
corresponding playback system and listening arrange-
ment.

The devices

[0021] The invention is not limited as to the type of
portable media device. The minimum requirements are
the ability to play digitally stored audio, having or being
able to be connected to one or more microphones, and
being able to be coupled to any one of a plurality of play-
back systems. Examples of portable media devices in-
clude, but are not limited to audio playback devices such
as the Apple IPOD®, Sandisk SANSA®, Creative ZEN
VISION®, Microsoft ZUNE®, and other models too nu-
merous to list from other manufacturers. Examples also
include, but are not limited to cellular telephones that
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have audio storage and playback capability, made by
virtually every manufacturer of cellular telephones, and
so-called "smart" cellular telephones such as the Apple
IPHONE, Google NEXUS ONE, and many others too nu-
merous to list. Many of these are able to play back not
only digitally stored audio data, but also audiovisual con-
tent, such as digitally stored video files that may include
digitally stored audio data.
[0022] The invention also is also not limited to the type
of playback system. The minimum requirements are the
inclusion of one or more speakers, and the ability to con-
nect to a portable playback device, either directly by being
docked thereto, by a wired connection, by a wireless con-
nection, and via a wired or wireless network. The mini-
mum requirements also include the ability to receive at
least one signal that includes at least audio content from
the portable playback device while connected thereto,
and to playback at least the audio of the signal. The min-
imum requirements also include the ability to playback
one or more calibration files, either stored in the playback
system, loadable into a storage subsystem in the play-
back system, or sent to the playback system from an
external calibration signal source. Examples of playback
systems include, but are not limited to, so called docking
speakers designed to include connectors for a specific
model or models of portable media devices. For example,
Amazon.com, a popular shopping Website in the USA,
listed on 16 March 2010 1,953 items for the search "iPod
speaker" in the category electronics, and 1,295 items for
the search "docking speaker." Examples of playback sys-
tems also include, but are not limited to, home theatre
systems that include home theatre receivers, some of
which also include connectors for specific model or mod-
els of portable media devices, while others include com-
mon input connectors such as phono (RCA) connectors
and sockets for TRS (tip, ring, sleeve) or TRRS ((tip, ring,
ring, sleeve) connectors. Examples of playback systems
also include, but are not limited to, televisions that include
or are connected to loudspeakers. Such televisions com-
monly include connectors for external audio. Examples
also include, but are not limited to, automotive audio sys-
tems that in 2010 commonly include connectors for spe-
cific model or models of portable media devices, and/or
common input connectors such as sockets for a TRS (tip,
ring, sleeve) or TRRS ((tip, ring, ring, sleeve) connector.
[0023] Embodiments of the present invention are par-
ticularly useful because a particular portable media de-
vice can be connected to more than one playback sys-
tem.

An example portable media device

[0024] FIG. 2 shows a simplified block diagram of one
example embodiment of a portable media device that
includes at least one feature of the present invention. It
would be clear to one skilled in the art that not all the
elements shown in FIG. 2 would be included in all port-
able media device embodiments, and further, that some

portable media device may include additional elements
not shown in FIG. 2.
[0025] The digital elements of the portable media de-
vice 121 include elements that are coupled by a bus sub-
system 241, shown purely for the sake of simplicity as a
single bus. These digital elements include at least one
processor 243, a storage subsystem 245, a user interface
123, at least one digital interface 231 coupled to a main
connector 211, and one or more digital-to-analog con-
verters (DACs) to convert digital information such as dig-
itized audio signals to analog audio signals for playback
via one or more audio amplifiers in an analog subsystem
225, and one or more analog-to-digital converters (AD-
Cs) to convert an analog audio signal to a digitized analog
signal. The DACs and ADCs are shown with their asso-
ciated interfaces as module 233. The DACs and ADCs
233 are coupled to the analog subsystem 225. The port-
able media device 121 also includes at least one wireless
interface 249 such as, but not limited to, a wireless net-
work interface, a Bluetooth interface, an infrared inter-
face, or the like. One such wireless interface is a common
Wi-fi IEEE 802.11 wireless network interface. Some em-
bodiments of the portable media device 121 also include
a cellular telephone wireless network interface so that
the device can act as a cellular telephone. Some embod-
iments also include other wireless network interfaces
such as a Bluetooth interface.
[0026] The portable media device 121 also includes a
battery and associated electronics subsystem 215 cou-
pled in one embodiment to the main connector 211.
[0027] In some embodiments, the analog subsystem
225 is connected to the main connector 211 so that, for
example, analog audio signals are available at the main
connector 211. The main connector 211 is also coupled
to the bus subsystem 241 and the at least one digital
interface 231 so that signals are provided to and obtain-
able from whatever the main connector 211 is connected
to.
[0028] The analog subsystem 225 is coupled to a mi-
crophone 125, which in this embodiment is built in. Other
embodiments are connectable to a microphone 125. This
embodiment also includes at least one loudspeaker 227
connected to the analog subsystem 225. A set of at least
one input/output connectors 213 is included so that an
external set of loudspeakers, e.g., loudspeakers incor-
porated in headphones, can be connected and also so
that different analog audio signals can be input via the
analog subsystem 225.
[0029] In some embodiments, the user interface 123
includes a display screen 261 operative to display infor-
mation to a user, one or more buttons 264 to accept input
from a user, and a keypad/keyboard 263 also to accept
input from a user. In some embodiments, the display
screen 261 includes a touch sensitive surface to accept
input from the user, and in some such embodiments, at
least some of the buttons 264 are so-called soft buttons
in that they are generated by causing a particular area
of the display screen 261 to display a button, possibly
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with a message for the user, and such that the user touch-
ing the particular area causes an input that is the same
as if a hardware button is displayed. Similarly, while a
separate module is shown for keypad/keyboard 263,
some or all of these elements may comprise soft buttons
on the display screen 261.
[0030] The storage subsystem 245 includes programs
in the form of executable instructions that when executed
by the at least one processor 243 cause carrying out of
regular functionality of the portable media device 121 and
for carrying out aspects of the present invention. Some
of the programs 251, for example, provide such function-
ality when executing as causing displaying and accepting
input from buttons 264, including soft buttons displayed
in the display screen 261, and in some embodiments,
accepting input in the form of multi-touch gestures as are
common in 2010. The storage subsystem 245 also is
configured to store digital content, shown in FIG. 2 as
stored audiovisual (AV) content 253, but which may in-
clude only digitally stored audio. The content in the stored
content 253 is typically stored as compressed data files,
e.g., in the case of audio as AAC or MP3 files, such as
audio file 254. The programs 251 also include instruc-
tions that when executed cause playback of a digitally
stored audio file to form digital signals that are converted
to analog form by the DACs in module 233, and amplified
by at least one amplifier in the analog subsystem 225.
Thus, the portable media device 121 includes a playback
subsystem configured to play back a selected audio sig-
nal. In the embodiment shown, the playback system is
made up of elements of the analog subsystem 225, the
DACs of module 233, and instructions within the pro-
grams 251 in the storage subsystem 245 that when ex-
ecuted cause playback of audio content that forms the
selected audio signal.
[0031] As will be described in more detail below, the
storage subsystem 245 also is configured to store a plu-
rality of corrective filter profiles, e.g., equalization profiles
257 that include data needed to implement sets of cor-
rective filters. In one embodiment, each corrective filter
profile 258 of corrective filter profiles collection 257 pro-
vides the data needed to implement a particular set of
one or more corrective filters for a particular playback
system. Because a corrective filter profile 258 provides
the data needed to implement a particular set of one or
more corrective filters for a particular playback system,
for the sake of simplicity of language, the term (the) cor-
rective filter profile 258 and "(the) data for a (or the) set
of one or more corrective filters" will be used synony-
mously. Having a profile, however, is only one way of
implementing a set of one or more corrective filters,
hence using the same language is not intended to limit
the invention to using a profile.
[0032] Thus, the portable media device 121 includes
a filter subsystem coupled to the playback subsystem
and configured to apply a set of one or more corrective
filters to an audio signal during playback of a selected
audio signal.

[0033] The storage subsystem 245 is made up of sev-
eral types of storage devices, and include solid state
memory and may include magnetic memory, e.g., as a
hard disk. Many variations are possible as would be clear
to one skilled in the art.
[0034] Some of the elements of portable media device
121 may be provided as part of a large integrated circuit.
The functionality may be divided between more than one
device. Furthermore, there may be one or more discrete
components. At least one element’s functionality may be
provided by executing one or more programs on one or
more of the at least one processor 243. The one or more
processors 243 may include the functionality of a DSP
device, e.g., in the form of a DSP portion of an integrated
circuit, or in some embodiments, in the form of a separate
DSP device. A general purpose processor may be used
instead or in addition. Many such variations are possible.
Further details on possible architectures of the portable
media device 121 are not provided herein in order not to
obscure the inventive aspects.

An example playback system

[0035] FIG. 3 shows a simplified block diagram of one
example embodiment of a playback system 103. The
portable media device is connectable to more than one
playback system. The playback system shown is one ex-
ample. It would be clear to one skilled in the art that not
all the elements shown in FIG. 3 would be included in all
playback system embodiments, and further, that some
playback systems may include additional elements not
shown in FIG. 3. For example, the playback system of
FIG. 3 includes many digital elements, including storage
of digital media files, and includes interfaces to connect
the playback system to a wireless network and to have
a wired network connection. Many playback systems
would not have such elements.
[0036] The playback system includes a coupling
(shown as coupling 113 in FIGS. 1A and 1B) to a portable
media device such as media device 121. In the embod-
iment of FIG. 3, the coupling 113 is in the form of a main
connector 311 configured to connect to a portable media
device, e.g., device 121. The main connector 311 in-
cludes connections that accept analog audio signals from
a connected portable media device. Main connector 311
is connected to an analog subsystem 325 that includes
one or more audio amplifiers for playback of the audio
signals via a coupled set of one or more loudspeakers
105.
[0037] A set of at least one input/output connectors
313 is included so that different analog audio signals can
be input via the analog subsystem 325. Thus, the analog
input connector in 313 can act as the coupling (shown
as coupling 113 in FIGS. 1A and 1B) to a portable media
device instead of, or in addition to main connector 311.
Of course, some embodiments do not include such an
additional input, while other embodiments do not include
a main connector configured to accept analog input sig-
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nals. In some embodiments, an output terminal is also
included in element 313 so that an external set of loud-
speakers, e.g., headphones that include loudspeakers
devices can be connected.
[0038] In the embodiment shown, control of volume,
etc., is achieved via a user interface 347 that in this case
includes digital elements. A user interface for a playback
system may of course also include one or more analog
elements, such as analog volume controls.
[0039] The digital elements of the playback system em-
bodiment 103 include elements that are coupled by a bus
subsystem 341, shown purely for the sake of simplicity
as a single bus. These digital elements include at least
one processor 343, a storage subsystem 345, the user
interface 347, at least one digital interface 331 coupled
to a main connector 311, and one or more digital-to-an-
alog converters (DACs) to convert digital information
such as digitized audio signals from AV content stored
in the storage subsystem 345 to analog audio signals for
playback on the at least one loudspeaker 105 via the one
or more audio amplifiers in analog subsystem 325. The
DACs are shown with their associated interfaces as mod-
ule 333 and coupled to the analog subsystem 325.
[0040] In some versions, the playback system 103 also
includes at least one wireless interface 349 such as, but
not limited to a wireless network interface, a Bluetooth
interface, an infrared interface, or the like. One such wire-
less interface is a common Wi-fi IEEE 802.11 wireless
network interface. The wireless network interface ena-
bles connection to a network, e.g., a home network which
in turn may be connected to an external network, e.g.,
the Internet. Some embodiments of the playback system
103 also include a Bluetooth interface, and an infrared
interface configured to accept commands from a remote
control device 315.
[0041] Some embodiments also include one or more
other network interfaces 335 so that the playback system
103 can be connected to a wired network, e.g., a wired
home network which in turn may be connected to an ex-
ternal network, e.g., the Internet.
[0042] In some embodiments, the main connector is
also coupled to a charging circuit 317 configured to sup-
ply power to charge a connected portable playback de-
vice, and to accept control signals related to the charging.
[0043] In some embodiments, the main connector 311
is also coupled to the bus subsystem bus subsystem 341
and the at least one digital interface 331 so that signals
are provided to and obtainable from whatever the main
connector 311 is connected to.
[0044] In some embodiments that include one or more
processors 343 and the storage subsystem 345, the stor-
age subsystem 345 includes programs in the form of ex-
ecutable instructions that when executed by the at least
one processor 343 cause carrying out of regular func-
tionality of the playback system 103. In some such em-
bodiments, the storage subsystem 345 is also configured
to store digital content, shown in FIG. 3 as stored audi-
ovisual (AV) content 353, but which may include only

digitally stored audio. The content in the stored content
353 is typically stored as compressed data files, e.g., in
the case of audio as AAC or MP3 files, such as audio file
354.
[0045] While the present invention is not limited to such
embodiments, in some embodiments, a user interface
347 that is digitally driven is included. In an example em-
bodiment, the user interface 347 includes a display
screen 361 operative to display information to a user,
and one or more buttons and knobs 364 to accept input
from a user. In some embodiments, the display screen
361 includes a touch sensitive surface to accept input
from the user, and in some such embodiments, at least
some of the buttons or knobs 364 are so-called soft but-
tons in that they are generated by causing a particular
area of the display screen 361 to display a button, pos-
sibly with a message for the user, and such that the user
touching the particular area causes an input that is the
same as if a hardware button is displayed. Thus, some
of the programs 351, for example, provide such function-
ality when executing as causing displaying and accepting
input from buttons 364, including soft buttons displayed
in the display screen 361
[0046] The storage subsystem 345 is made up of sev-
eral types of storage devices, and includes solid state
memory and may include magnetic memory, e.g., as a
hard disk. Many variations are possible as would be clear
to one skilled in the art.
[0047] One aspect of embodiments of the invention is
playback of one or more calibration signals by the play-
back system. In some versions, the calibration signals
may be input, e.g., via an external connector, or via a
wireless or wired connection. In others, calibration sig-
nals may be pre-stored in digital form in the storage sub-
system. In yet others, the calibration signals may be ob-
tained by connection and then stored in the storage sub-
system 355 in digital form for playback. Digitally stored
calibration signals are shown as calibration signals 355
in the example embodiment of FIG. 3.
[0048] Some of the elements of playback system 103
may be provided as part of a large integrated circuit. The
functionality may be divided between more than one de-
vice. Furthermore, there may be one or more discrete
components. At least one element’s functionality may be
provided by executing one or more programs on one or
more of the at least one processor 343. Many such var-
iations are possible. Further details on possible architec-
tures of the playback system 103 are not provided herein
in order not to obscure the inventive aspects.
[0049] An inventive aspect of embodiments of the
present invention is that a single portable media device
may be connected to several different playback devices,
or even the one device that may be listened to in different
locations. Hence, while only one playback system exam-
ple has been shown here, those of skill in the art would
understand that there are many possible playback de-
vices to which a portable media device may be connect-
ed. Some such playback devices are relatively simple,
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while others are more complex.
[0050] The disclosed invention provides mechanisms
and methods for applying corrective filtering, e.g., equal-
izing each of a variety of playback systems to which a
portable media device might be attached by applying the
corrective filtering directly in the portable media device.
The invention is not limited to any particular type of cor-
rective filtering, and equalization is an example of cor-
rective filtering than can be applied as described herein.

Example methods

[0051] Some embodiments include a method of oper-
ating a portable media device 121. The method includes
playing back an audio signal on the portable media device
121/playback system combination while the portable me-
dia device 121 is coupled to a particular playback system
103, and is in a particular listening arrangement. During
the playback, the portable media device applies a par-
ticular set of one or more corrective filters selected from
a pre-stored collection of data for at least one set of one
or more corrective filters.
[0052] The data for the collection of one or more sets
of corrective filters is pre-stored in or for the portable me-
dia device 121. The data for each set of the collection is
associated with a corresponding playback system (and
listening arrangement). In the example of FIG. 2, the par-
ticular set of one or more corrective filters is shown as a
profile 258 that includes the data needed to implement
the set of filters, e.g., by running one or more programs
on at least one of the one of more processors 243.
[0053] Note that the term listening arrangement may
cover one specific location, or may cover a range of lis-
tening locations or any listening location for the particular
playback system. For example, the corrective filters may
be designed for equalizing listening to a playback system
having particular loudspeakers 105, and while possible
being determined for one specific listener location, may
be usable for a range of listening locations. Furthermore,
one may make measurements (recording) from a plurality
of locations to determine a single averaged correction
filter for a range of locations. Hence the term "listening
arrangement" should not be taken to imply only a single
listening location using the particular playback system,
i.e., not applicable to other locations using the particular
playback system. Firstly, a corrective filter determined
from one or more recordings from a single location may
be used for a range of locations, and secondly, in some
calibration method embodiments, one can make meas-
urements from several locations in order to determine a
single set of "averages" corrective filters suitable for a
range of locations.

An example calibration method

[0054] The particular set of one or more corrective fil-
ters is determined by a calibration process. FIG. 4 shows
a simplified flowchart of an embodiment of a calibration

method 400. The method 400 includes in 403 playing
back one or more pre-defined calibration signals 111 on
the particular playback system 103, and , during the play-
back, in 405, recording on the portable playback device
121 the sound field resulting from one or more pre-de-
fined calibration signals 111 being played back on the
particular playback system 103. The recording uses a
microphone 125 built in or connected to the portable me-
dia device 121 while the microphone 125 is at one or
more desired listener locations that are part of the listen-
ing arrangement. As noted before, there may be more
than one location associated with a listening arrange-
ment, and the recordings may include recordings taken
at more than one location. The method includes in 407
analyzing the recording of the sound field to determine
the particular set of one or more corrective filters at least
to equalize for the particular playback system (and pos-
sibly also for the listening environment), and in 409, stor-
ing the particular set of one or more corrective filters in
or for the portable media device for the particular play-
back system (and listening environment).
[0055] In one set of embodiments, the storing is in the
portable media device 121. In another set of embodi-
ments, the storing, while possibly temporarily, is on the
portable media device 121, is then or later stored remote-
ly, e.g., on a remote storage system on a remote server,
for the portable media device 121. Hence the storing be-
ing "in or for" the portable media device 121 for the par-
ticular playback system 103 (and listening environment).
[0056] In one embodiment, the portable media device
121 includes a user interface that presents a ’calibrate’
button in buttons 264, or some other function to enable
a user to indicate to carry out the recording, analyzing,
and storing of the particular set of one or more corrective
filters. The calibration method includes receiving on the
user interface an indication from a user to carry out the
recording, analyzing, and storing of the particular set of
one or more corrective filters, and carrying these steps
out in response to such receiving.
[0057] Also, in some embodiments in which the port-
able media device 121 contains its own microphone, em-
bodiments of the method provide an extremely easy-to-
use, self-contained form factor for calibration. A user can
simply hit the ’calibrate’ button in buttons 264 and hold
the portable media device 121 in a listening position, e.g.,
in front of the playback system speakers 105.
[0058] The calibration signals in one embodiment are
pre-stored in the portable media device portable media
device 121, e.g., as calibration signals 255 in the storage
subsystem 245 of the portable media device 121, and
loaded into a playback system 103 for storage within the
playback system. In other embodiments, the portable
media device 121 is connected to the playback system
by wire or wirelessly from the listening position, and the
calibration signal is sent to the playback system 103 and
played back while the resulting sound field is recorded
for analysis to determined the particular set of one or
more corrective filters for the portable media device 121
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and playback system combination. In yet another em-
bodiment, the calibration signal or signals are provided
for playback on the playback system by some other
mechanism, e.g., pre-loaded in the playback system, or
provided in real time by another source. The invention is
not limited to any particular way of providing the calibra-
tion signal(s) to the playback system. The invention is
also not limited to the manner any calibration signal is
provided to the playback system, e.g., digital form or as
an analog signal.

An example method of operating a portable media 
device,

[0059] FIG. 5 shows a simplified flowchart of a method
500 of operating a portable media device, e.g., device
121 for which or on which is stored the data for a collection
of sets of corrective filters, e.g., in the form of the data
for implementing the corrective filters, each set associ-
ated with a corresponding playback system (and listening
arrangement).
[0060] The method includes in 503 connecting the port-
able media device 121 to the particular playback system
103 in a particular listening environment. The method
further includes in 505 selecting (manually or automati-
cally) the pre-stored particular set of one or more correc-
tive filters at least to equalize for the particular playback
system 103 (and possibly also for the listening environ-
ment). In the case the data for collection of sets of cor-
rective filters is not locally stored, 505 includes loading
at least the selected particular set of one or more correc-
tive filters. This might occur separately, and at a different
time from the selecting. 507 includes playing back an
audio signal on the portable media device 121 while the
portable media device 121 is connected to the particular
playback system 103. The playing back includes applying
the particular set of one or more corrective filters.

Selecting the set of one or more corrective filters

[0061] In the case of manual selection in 505, in some
embodiments, the portable media device includes a user
interface 123 that includes, e.g., as buttons 264, indica-
tion to the user of one or more pre-stored sets of correc-
tive filters. The method includes the media portable de-
vice 121 receiving, e.g., via the user interface 123, an
indication from a user to use a particular set of one or
more corrective filters for playback.
[0062] Some embodiments provide for automatic se-
lection of the set of one or more corrective filters. In some
embodiments, for example, for some so-called "docking
speakers" playback systems, the playback system may
be configured to provide an indication to an attached port-
able media device, e.g., providing signals via the main
connector that are indicative of the type and/or model of
playback device. The method 500, in some embodi-
ments, includes the portable media device receiving an
indication from the particular playback system indicating

that particular portable media device is coupled to the
particular playback system. Some embodiments of the
portable media device are configured such that, respon-
sive to the indication, the method includes automatically
selecting the particular set of one or more corrective filters
associated with the particular portable media device for
playback.
[0063] Furthermore, some embodiments of the porta-
ble media devices have pre-defined sets of corrective
filters that are pre-defined for particular classes of play-
back systems. For example, simple "docking speakers"
playback systems may form a class, television receivers
may form a class, home stereo receivers with connected
speakers may form a class, home receivers with a con-
nected subwoofer may form a class, automotive playback
systems in an automobile may form a class, and so forth.
In some embodiments, at least one of the sets of correc-
tive filters is a default set predefined for a class of play-
back systems.

Types of corrective filters

[0064] The invention is not limited to any particular type
of corrective filters or how such corrective filters are im-
plemented or specified. In the near future, portable media
devices may have enough processing power to imple-
ment more sophisticated correcting filters than a set of
multi-band equalizing filters. Some possible types of cor-
rective filters are described below. These are provided
as examples only and not to limit the invention to any
particular types of corrective filters.

Multi-band equalizing filters

[0065] Some embodiments of the set of one or more
corrective filters include a set of multi-band equalizing
filters. The frequency range of listening is partitioned into
a set of frequency bands, and each filter of the set of
multi-band equalizing filters sets a relative gain for one
of the frequency bands. Such multi-band equalizing filters
are well known in the art. The number of frequency bands
for any particular portable media device can be fixed, or
settable, and is typically a relatively small number, e.g.,
6, 9, or 12. There are many ways of implementing such
filters, and one embodiment uses digital signal process-
ing methods implemented by a program in programs 251
executing on the processor 243, e.g., on a DSP element.
That is, applying the particular set of one or more correc-
tive filters when the portable media device is coupled to
a particular playback system includes digitally process-
ing digital signals on at least one of the one or more proc-
essors of the portable media device. In some embodi-
ments, the multi-band equalizing filters are implanted as
a set of digital parametric filters at respective frequency
bands. Such parametric filters are defined by a set of
parameters. In one embodiment, each set of parameters
is stored as a corrective filter profile 258 of corrective
filter profiles collection 257 and is usable to implement a
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particular set of one or more corrective filters for a par-
ticular playback system.
[0066] In alternate embodiments, playback circuitry in
the portable media device 121 implements a variable set
of gain controls according to respective gain parameters
for a pre-defined number of frequency bands. A set of
gain settings is stored as a corrective filter profile 258 of
corrective filter profiles collection 257 and is usable to
implement a particular set of one or more corrective filters
for a particular playback system.

Multi-channel audio

[0067] More sophisticated corrective filters are appli-
cable to playback via a playback system that includes
more than two loudspeakers, e.g., a playback system
that provides surround sound as is common today in
home theater receivers. The correcting filters for such
playback systems can include more sophisticated set-
tings that provide relative gains to the signals generated
by the portable media device 121 for the different loud-
speakers 105 in the playback system.

Perceptual domain processing

[0068] Recently, perceptual domain processing has
been invented that takes into account the variation in the
perception of audio depending on the reproduction level
of the audio signal. A time sampled audio signal denoted
is pre-processed to generate a time-varying spectrum
indicating a signal level within a plurality of frequency
bands (critical bands), e.g., 40 bands, each denoted by
a band number, and varying over time blocks. The time-
varying spectrum of the audio signal may be generated
in a number of ways, but advantageously the bands are
spaced to simulate the frequency resolution of human
hearing. A quantity called an excitation signal is comput-
ed that approximates the distribution of energy along the
basilar membrane of the inner ear of a human at a critical
frequency band during a time block. While other trans-
forms, such as the modified discrete cosine transform
(MDCT) also may be used, the perceptual domain exci-
tation may be achieved efficiently by computing a running
Short-Time Discrete Fourier Transform (STDFT) of the
audio signal using the frequency response of a filter sim-
ulating the transmission of audio through the outer and
inner ear of a human and a selected set of bandpass
filters, e.g., bandpass filters chosen to mimic the critical
band filtering observed along the basilar membrane in
the human ear at each critical frequency band of interest.
Example embodiments use a set of filters with a spacing
of 1 ERB, resulting in a total of 40 bands.

Distortion reducing multi-band compressor with tim-
bre preservation

[0069] In playback devices, audio playback may be
perceptibly distorted, and often acutely distorted, as play-

back level is increased during playback, this distortion is
oftentimes frequency dependent for a playback device.
One form of corrective filtering is applying multi-band
compression to the audio signal prior to playback to re-
duce distortion and attempt to maximize playback level.
One simple method includes specifying a distortion
threshold is specified for each frequency band of the com-
pressor. The compressor independently applies differing
gain values to each frequency band to ensure an output
signal does not exceed any of the corresponding distor-
tion thresholds.
[0070] An improved set of corrective filters includes
timbre preservation in a multi-band compressor. Timbre
preservation is achieved by determining a time-varying
threshold in each of a plurality frequency bands as a func-
tion of (i) a respective fixed threshold for the frequency
band and, at least in part, (ii) an audio signal level (wheth-
er digital or analog audio signal) in a second frequency
band and (iii) a fixed threshold in the second frequency
band. Consequently, each time-varying threshold is input
signal adaptive. If a particular frequency band receives
significant gain reduction due to being above its fixed
threshold (or alternatively, approaching the fixed thresh-
old), then a time-varying threshold of one or more other
frequency bands are also decreased to receive some
gain reduction.
[0071] One example embodiment of applying such tim-
bre preserving multi-band compressor corrective filtering
includes providing or determining a fixed threshold for a
first frequency band, and determining a first level of an
audio signal within the first frequency band. The first level
can be less than the fixed threshold. The method further
includes determining a second level of the audio signal
for a second frequency band is also determined, and
computing a time-varying threshold for the first frequency
band using the second level. The time-varying threshold
us less than the fixed threshold. The method includes
attenuating the audio signal within the first frequency
band to be equal to or less than the time-varying threshold
or, alternatively, increasingly attenuating the audio signal
within the first frequency band as approaching the time-
varying threshold. The time-varying threshold can be
computed from an average difference of the audio input
signal in each frequency band and its respective fixed
threshold. Optionally, a second fixed threshold for the
second frequency band can be further determined. The
second level of the audio signal can exceed the second
fixed threshold, resulting in attenuation of the audio signal
within the second frequency band to the second fixed
threshold. A set of corrective filters to implement such a
method includes a multi-band filterbank, compression
function elements, and at least one timbre preservation
element. Each compression function element can be
dedicated to a frequency band. The timbre preservation
element is coupled to the multi-band filterbank and the
compression function elements. The timbre preservation
element receives a fixed threshold for each frequency
band and provides a time-varying threshold for each fre-
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quency band. The time-varying threshold for a frequency
band is partially determined by a level of the audio signal
outside the frequency band.
[0072] For more details of such corrective filtering, see
U.S. Provisional Patent Application 61/315,172 filed
March 18, 2010, titled TECHNIQUES FOR DISTOR-
TION REDUCING MULTI-BAND COMPRESSOR WITH
TIMBRE PRESERVATION, the contents of which are in-
corporated herein by reference, and a copy of which is
attached hereto as APPENDIX A.

Inverse filtering to match a target response

[0073] Another form of corrective filtering applies an
inverse filter to alter the playback system’s loudspeaker’s
frequency response in an effort to match the inverse-
filtered loudspeaker output to a target frequency re-
sponse. As in perceptually based processing described
above, the methods are applied to "critical frequency
bands"-frequency bands of a full frequency range that
are determined in accordance with perceptually motivat-
ed considerations. Typically, critical frequency bands
that partition an audible frequency range have width that
increases with frequency across the audible frequency
range. The methods use "critically banded" data, imply-
ing that that the full frequency range includes critical fre-
quency bands, and that the data comprises subsets,
each of the subsets consisting of data indicative of audio
content in a different one of the critical frequency bands.
[0074] The target frequency response may be flat or
may have some other predetermined shape.
[0075] In some embodiments, the calibration method
includes determining an inverse filter for a loudspeaker
of the playback system. The calibration includes meas-
uring the impulse response of the loudspeaker at each
of a number of different spatial locations in the listening
arrangement, time-aligning and averaging the measured
impulse responses to determine an averaged impulse
response, and using critical frequency band smoothing
to determine the inverse filter from the averaged impulse
response and a target frequency response. For example,
critical frequency band smoothing may be applied to the
averaged impulse response and optionally also to the
target frequency response during determination of the
inverse filter, or may be applied to determine the target
frequency response. Measurement of the impulse re-
sponse at multiple spatial locations can ensure that the
speaker’s frequency response is determined for a variety
of listening locations. In some embodiments, the time-
aligning of the measured impulse responses is performed
using real cepstrum and minimum phase reconstruction
techniques.
[0076] In some embodiments, the averaged impulse
response is converted to the frequency domain via the
discrete Fourier transform (DFT) or another time domain-
to-frequency domain transform. The resulting frequency
components are indicative of the measured averaged im-
pulse response. These frequency components, in each

of the transform bins are combined into frequency do-
main data in a smaller number of critical frequency bands,
e.g., 20 bands or 40 bands, as for other perceptual do-
main processing. The banding of the averaged impulse
response data into critically banded data is designed to
mimics the frequency resolution of the human auditory
system. The banding is typically performed by weighting
the frequency components in the transform frequency
bins by applying appropriate critical banding filters there-
to and generating a frequency component for each of the
critical frequency bands by summing the weighted data
for the band. Typically, these filters exhibit an approxi-
mately rounded exponential shape and are spaced uni-
formly on the Equivalent Rectangular Bandwidth (ERB)
scale. The spacing and overlap in frequency of the critical
frequency bands provide a degree of regularization of
the measured impulse response that is commensurate
with the capabilities of the human auditory system. Ap-
plication of the critical band filters is an example of critical
band smoothing (the critical band filters typically smooth
out irregularities of the impulse response that are not
perceptually relevant so that the determined inverse filter
does not need to spend resources correcting these de-
tails).
[0077] Values for determining the inverse filter are de-
termined from the target response and averaged impulse
response, e.g., from smoothed versions thereof, in fre-
quency windows, e.g., critical frequency bands. The crit-
ically banded impulse response data are used to find an
inverse filter which achieves a desired target response.
In some embodiments, in order to maintain equal loud-
ness when using the inverse filter, the inverse filter is
preferably normalized against a reference signal, e.g.,
pink noise, whose spectrum is representative of common
sounds.
[0078] In come embodiments, inverse filter coefficients
are directly calculated in the time domain.
[0079] The resulting inverse filter forms the set of cor-
rective filters applied to the signal in the playback system
as described herein.
[0080] For more details of such corrective filtering, see
International Patent Application No.
PCT/US2010/020846 filed January 13, 2010, titled
METHOD FOR DETERMINING INVERSE FILTER
FROM CRITICALLY BANDED IMPULSE RESPONSE
DATA, the contents of which are incorporated herein by
reference, and a copy of which is attached hereto as AP-
PENDIX B.

Storing the data of the sets of corrective filters

[0081] In some embodiments, the set of parameters
for implementing a set of one or more corrective filters is
stored on or for the portable media device 121 as part of
a collection of sets. In some embodiments, the collection
is stored in the form of a database. Each entry is a set
of parameters for implementing a set of one or more cor-
rective filters for a particular playback system, and in-

19 20 



EP 2 986 034 A1

12

5

10

15

20

25

30

35

40

45

50

55

cludes an indicator that the particular set of one or more
corrective filters is associated with the particular playback
system. Thus, step 409 of FIG. 4 for such embodiments
includes storing an indicator that the particular set of one
or more corrective filters is associated with the particular
playback system.
[0082] In some embodiments, the data for the collec-
tion of one or more sets of corrective filters, e.g., the
database, is stored in a storage subsystem included in
the portable media device. Thus, as shown in FIG. 2, in
some embodiments, the storage subsystem 245 includes
corrective filter profiles 257, and one such profile 258 is
shown.
[0083] In other embodiments, the data for the collection
of one or more sets of corrective filters is stored remotely
from the portable media device. FIG. 6 shows a simplified
block diagram of one arrangement according to some
embodiments of the invention that include remote stor-
age of the data for the collection of one or more sets of
corrective filters. During step 409, the storing initially may
be temporarily in the storage device in the portable media
device 121, and then stored remotely, e.g., stored re-
motely when the portable media device is connected to
a personal computer 623 which is coupled to a network
625, which can be any private or public network, even
the Internet. A server system 627 is also connected to
the network 625. The server system 627 includes one or
more processors and a storage subsystem 645. The stor-
age subsystem 645 is configured to store the data for
one of more collections of sets of corrective filters, each
such collection being associated with a particular porta-
ble media device 121 or a particular user or both a par-
ticular user and portable media device. In the example
shown, the data for one collection 657 of one or more
sets of corrective filters is shown. The data for one set
658 is shown. The data of the collections is in some em-
bodiments in the form of a database. The data for each
set of one or more corrective filters is stored in the data-
base as an entry we call a corrective filter profile that
includes the parameters needed to implement the cor-
rective filters. When the portable media device 121 is
connected to the personal computer 623 connected via
the network to the server 627, the particular sets of cor-
rection filter in temporary storage in the portable media
device 121 is sent for storage in the storage subsystem
645 of the server 627. Similarly, when the portable media
device 121 is connected to the personal computer 623
connected via the network to the server 627, one or more
sets of corrective filters stored in the storage subsystem
645, e.g., as corrective filter profiles, can be loaded into
the portable media device 121 for use in playback. Thus,
for example, a particular set of correction filters for a par-
ticular playback system can be loaded from remote stor-
age to the portable media device 121 for use in playback
while the portable media device is coupled to the partic-
ular playback system.

Analysis

[0084] Process action 405 includes recording on the
portable media device 121 the sound field resulting from
playback on the playback system 103 of the calibration
signal. Process action 407 includes analyzing the record-
ing to determine the particular set of one or more correc-
tive filters at least to equalize for the particular playback
system (and possibly also for the listening environment).
[0085] The invention is not limited to any particular type
of calibration signal(s) or any particular analysis method.
In one embodiment the calibration signal is made up of
a sum of distinct frequency tones of known amplitudes
at a pre-defined number of distinct frequencies. In one
embodiment, the center frequencies are the center fre-
quencies of the corrective filters used in the portable me-
dia device 121. The center frequencies of graphic equal-
izers are often distributed logarithmically, e.g., in octaves.
In some embodiment, the center frequencies of the com-
ponents of the test signal are therefore also spread log-
arithmically. In some embodiment, the amplitudes of the
distinct frequency components of the test signal are
equal, while in other embodiments, the amplitudes vary
according to the inverse of the frequency.
[0086] The analysis process 407 includes determining
the amplitudes at the distinct frequencies of the recorded
recording in order to determine the gains at the frequen-
cies that would cause equalize the response. The gains
at the center frequency forms the data of the particular
set of one or more corrective filters, e.g., the corrective
filter profile stored for or in the portable media device 121
for the particular playback system and listening environ-
ment.
[0087] One alternate embodiment uses a noise signal
for the calibration signal. In one embodiment, the cali-
bration signal is a white noise signal, i.e., a noise signal
that has the same distribution of power for all frequencies.
In another embodiment, the calibration signal is a pink
noise signal, i.e., a noise signal that has a distribution of
power that is proportional to the reciprocal of the frequen-
cy. In some embodiments in which a noise signal is used
as the calibration signal, the noise signal is generated
using digital synthesis methods that use pseudorandom
noise.
[0088] In some embodiments in which a noise signal
is used as the calibration signal, the analysis 407 includes
determining the spectrum of the recorded sound field,
e.g., by carrying out a discrete Fourier transform (DFT),
e.g., carried out as a fast Fourier transform (FFT), using
method well known to those skilled in the art.
[0089] From the results of the transform, and a target
reference spectrum for the signals after processing by
the set of one or more corrective filters, the data are de-
termined and stored for the particular set of one or more
corrective filters that modify the determined spectrum of
the recorded sound field to match the target reference
spectrum for the particular playback system and listening
environment.
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[0090] While digital methods have been described
above for the analysis 407, in alternate embodiments,
some or all of the analysis may be carried out by analog
circuitry. The recorded signal is divided into frequency
bands, e.g., by a set of bandpass filters, and level meas-
urement circuitry is used to determine signals indicative
of the signal powers in the frequency bands. These data
values may then be digitized, and a set of gains for the
frequency bands determined as the data to store for the
set of one or more corrective filters for the particular play-
back system and listening environment.
[0091] Thus have been described methods and appa-
ratuses. In some embodiments, calibration signals are
played back on a playback system. Using either a built-
in or attached microphone, the resulting sound field is
recorded on a portable media device. The recorded
sound field is analyzed and a set of one or more corrective
filters for the playback system is computed. Data for the
set of one or more corrective filters is stored on or for
portable media device and associated with said playback
system. Thus the data for a collection of sets of corrective
filters is stored. The stored data for a particular set can
then be recalled and the particular set of one or more
corrective filters applied to any audio being played from
the portable media device when it is attached to the cor-
responding playback system. Because embodiments of
the invention include applying the equalization in the port-
able media device, such embodiments provide the ben-
efits of room equalization to audio playback systems
which do not contain such a feature. Also, when the port-
able media device contains its own microphone, some
embodiments of invention provide an extremely easy-to-
use, self-contained form factor for calibration. A user sim-
ply hits a calibrate button and holds the portable media
device in a listening location in front of the playback sys-
tem’s loudspeakers.
[0092] In the context of this document, the term "wire-
less" and its derivatives may be used to describe circuits,
devices, systems, methods, techniques, communica-
tions channels, etc., that may communicate data through
the use of modulated electromagnetic radiation through
a non-solid medium.
[0093] Unless specifically stated otherwise, as appar-
ent from the following description, it is appreciated that
throughout the specification discussions utilizing terms
such as "processing," "computing," "calculating," "deter-
mining" or the like, refer to the action and/or processes
of a computer or computing system, or similar electronic
computing device, that manipulate and/or transform data
represented as physical, such as electronic, quantities
into other data similarly represented as physical quanti-
ties.
[0094] In a similar manner, the term "processor" may
refer to any device or portion of a device that processes
electronic data, e.g., from registers and/or memory to
transform that electronic data into other electronic data
that, e.g., may be stored in registers and/or memory. A
"computer" or a "computing machine" or a "computing

platform" may include one or more processors.
[0095] Note that when a method is described that in-
cludes several elements, e.g., several steps, no ordering
of such elements, e.g., steps is implied, unless specifi-
cally stated.
[0096] In some embodiments, a computer-readable
storage medium is configured with, e.g., encoded with
instructions stored therein that when executed by one or
more processors of a processing system such as a digital
signal processing device or subsystem that includes at
least one processor element and a storage subsystem,
cause carrying out a method as described herein.
[0097] The methodologies described herein are, in
some embodiments, performable by one or more proc-
essors that accept logic, instructions encoded on one or
more computer-readable media. When executed by one
or more of the processors, the instructions cause carrying
out at least one of the methods described herein. Any
processor capable of executing a set of instructions (se-
quential or otherwise) that specify actions to be taken are
included. Thus, one example is a typical processing sys-
tem that includes one or more processors. Each proces-
sor may include one or more of a CPU or similar element,
a graphics processing unit (GPU), and/or a programma-
ble DSP unit. The processing system further includes a
storage subsystem with at least one storage medium,
which may include memory embedded in a semiconduc-
tor device, or a separate memory subsystem including
main RAM and/or a static RAM, and/or ROM, and also
cache memory. The storage subsystem may further in-
clude one or more other storage devices, such as mag-
netic and/or optical and/or further solid state storage de-
vices. A bus subsystem may be included for communi-
cating between the components. The processing system
further may be a distributed processing system with proc-
essors coupled by a network, e.g., via network interface
devices or wireless network interface devices. If the
processing system requires a display, such a display may
be included, e.g., a liquid crystal display (LCD), organic
light emitting display (OLED), or a cathode ray tube (CRT)
display. If manual data entry is required, the processing
system also includes an input device such as one or more
of an alphanumeric input unit such as a keyboard, a point-
ing control device such as a mouse, and so forth. The
term storage device, storage subsystem, or memory unit
as used herein, if clear from the context and unless ex-
plicitly stated otherwise, also encompasses a storage
system such as a disk drive unit. The processing system
in some configurations may include a sound output de-
vice, and a network interface device.
[0098] The storage subsystem thus includes a compu-
ter-readable storage medium that is configured with, e.g.,
encoded with instructions, e.g., logic, e.g., software that
when executed by one or more processors, causes car-
rying out one of more of the method steps described here-
in. The software may reside in a hard disk, or may also
reside, completely or at least partially, within the RAM
and/or within the processor during execution thereof by
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the computer system. Thus, the memory and the proc-
essor also constitute a computer-readable medium on
which are encoded instructions.
[0099] Furthermore, a computer-readable storage me-
dium may form a computer program product, or be in-
cluded in a computer program product.
[0100] In alternative embodiments, the one or more
processors operate as a standalone device or may be
connected, e.g., networked to other processor(s), in a
networked deployment, wherein the one or more proc-
essors may operate in the capacity of a server or of a
client machine in server-client network environment, or
as a peer machine in a peer-to-peer or distributed net-
work environment. The term processing system encom-
passes all such possibilities, unless explicitly excluded
herein. The one or more processors may form a personal
computer (PC), a portable media device, a media play-
back system, a tablet PC, a set-top box (STB), a Personal
Digital Assistant (PDA), a game machine, a cellular tel-
ephone, a Web appliance, a network router, a switch or
a bridge, or any machine capable of executing a set of
instructions (sequential or otherwise) that specify actions
to be taken by that machine.
[0101] Note that while some diagram(s) only show(s)
a single processor and a single storage subsystem, e.g.,
a single memory that stores the logic including instruc-
tions, those skilled in the art will understand that many
of the components described above are included, but not
explicitly shown or described in order not to obscure the
inventive aspect. For example, while only a single ma-
chine is illustrated, the term "machine" shall also be taken
to include any collection of machines that individually or
jointly execute a set (or multiple sets) of instructions to
perform any one or more of the methodologies discussed
herein.
[0102] Thus, one embodiment of each of the methods
described herein is in the form of a computer-readable
storage medium configured with a set of instructions,
e.g., a computer program that when executed on one or
more processors, e.g., one or more processors that are
part of a portable media device, cause carrying out of
method steps. Some embodiments are in the form of the
logic itself. Thus, as will be appreciated by those skilled
in the art, embodiments of the present invention may be
embodied as a method, an apparatus such as a special
purpose apparatus, an apparatus such as a data
processing system, logic, e.g., embodied in a computer-
readable storage medium, or a computer-readable stor-
age medium that is encoded with instructions, e.g., a
computer-readable storage medium configured as a
computer program product. The computer-readable me-
dium is configured with a set of instructions that when
executed by one or more processors cause carrying out
method steps. Accordingly, aspects of the present inven-
tion may take the form of a method, an entirely hardware
embodiment, an entirely software embodiment or an em-
bodiment combining software and hardware aspects.
Furthermore, the present invention may take the form of

program logic, e.g., in a computer readable medium, e.g.,
a computer program on a computer-readable storage
medium, or the computer readable medium configured
with computer-readable program code, e.g., a computer
program product.
[0103] While the computer readable medium is shown
in an example embodiment to be a single medium, the
term "medium" should be taken to include a single me-
dium or multiple media (e.g., several memories, a cen-
tralized or distributed database, and/or associated cach-
es and servers) that store the one or more sets of instruc-
tions. A computer readable medium may take many
forms, including but not limited to non-volatile media and
volatile media. Non-volatile media includes, for example,
optical, magnetic disks, and magneto-optical disks. Vol-
atile media includes dynamic memory, such as main
memory.
[0104] It will also be understood that embodiments of
the present invention are not limited to any particular im-
plementation or programming technique and that the in-
vention may be implemented using any appropriate tech-
niques for implementing the functionality described here-
in. Furthermore, embodiments are not limited to any par-
ticular programming language or operating system.
[0105] Reference throughout this specification to "one
embodiment" or "an embodiment" means that a particular
feature, structure or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment of the present invention. Thus, appearances
of the phrases "in one embodiment" or "in an embodi-
ment" in various places throughout this specification are
not necessarily all referring to the same embodiment, but
may. Furthermore, the particular features, structures or
characteristics may be combined in any suitable manner,
as would be apparent to one of ordinary skill skilled in
the art from this disclosure, in one or more embodiments.
[0106] Similarly, it should be appreciated that in the
above description of example embodiments of the inven-
tion, various features of the invention are sometimes
grouped together in a single embodiment, figure, or de-
scription thereof for the purpose of streamlining the dis-
closure and aiding in the understanding of one or more
of the various inventive aspects. This method of disclo-
sure, however, is not to be interpreted as reflecting an
intention that the claimed invention requires more fea-
tures than are expressly recited in each claim. Rather,
as the following claims reflect, inventive aspects lie in
less than all features of a single foregoing disclosed em-
bodiment. Thus, the claims following the DESCRIPTION
OF EXAMPLE EMBODIMENTS are hereby expressly in-
corporated into this DESCRIPTION OF EXAMPLE EM-
BODIMENTS, with each claim standing on its own as a
separate embodiment of this invention.
[0107] Furthermore, while some embodiments de-
scribed herein include some but not other features in-
cluded in other embodiments, combinations of features
of different embodiments are meant to be within the
scope of the invention, and form different embodiments,
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as would be understood by those skilled in the art. For
example, in the following claims, any of the claimed em-
bodiments can be used in any combination.
[0108] Furthermore, some of the embodiments are de-
scribed herein as a method or combination of elements
of a method that can be implemented by a processor of
a computer system or by other means of carrying out the
function. Thus, a processor with the necessary instruc-
tions for carrying out such a method or element of a meth-
od forms a means for carrying out the method or element
of a method. Furthermore, an element described herein
of an apparatus embodiment is an example of a means
for carrying out the function performed by the element
for the purpose of carrying out the invention.
[0109] In the description provided herein, numerous
specific details are set forth. However, it is understood
that embodiments of the invention may be practiced with-
out these specific details. In other instances, well-known
methods, structures and techniques have not been
shown in detail in order not to obscure an understanding
of this description.
[0110] As used herein, unless otherwise specified, the
use of the ordinal adjectives "first", "second", "third", etc.,
to describe a common object, merely indicate that differ-
ent instances of like objects are being referred to, and
are not intended to imply that the objects so described
must be in a given sequence, either temporally, spatially,
in ranking, or in any other manner.
[0111] All U.S. patents, U.S. patent applications, and
International (PCT) patent applications designating the
United States cited herein are hereby incorporated by
reference. In the case the Patent Rules or Statutes do
not permit incorporation by reference of material that it-
self incorporates information by reference, the incorpo-
ration by reference of the material herein excludes any
information incorporated by reference in such incorpo-
rated by reference material, unless such information is
explicitly incorporated herein by reference.
[0112] Any discussion of prior art in this specification
should in no way be considered an admission that such
prior art is widely known, is publicly known, or forms part
of the general knowledge in the field.
[0113] In the claims below and the description herein,
any one of the terms comprising, comprised of or which
comprises is an open term that means including at least
the elements/features that follow, but not excluding oth-
ers. Thus, the term comprising, when used in the claims,
should not be interpreted as being limitative to the means
or elements or steps listed thereafter. For example, the
scope of the expression a device comprising A and B
should not be limited to devices consisting of only ele-
ments A and B. Any one of the terms including or which
includes or that includes as used herein is also an open
term that also means including at least the elements/fea-
tures that follow the term, but not excluding others. Thus,
including is synonymous with and means comprising.
[0114] Similarly, it is to be noticed that the term cou-
pled, when used in the claims, should not be interpreted

as being limitative to direct connections only. The terms
"coupled" and "connected," along with their derivatives,
may be used. It should be understood that these terms
are not intended as synonyms for each other. Thus, the
scope of the expression a device A coupled to a device
B should not be limited to devices or systems wherein
an output of device A is directly connected to an input of
device B. It means that there exists a path between an
output of A and an input of B which may be a path includ-
ing other devices or means. "Coupled" may mean that
two or more elements are either in direct physical or elec-
trical contact, or that two or more elements are not in
direct contact with each other but yet still co-operate or
interact with each other.
[0115] Thus, while there has been described what are
believed to be the preferred embodiments of the inven-
tion, those skilled in the art will recognize that other and
further modifications may be made thereto without de-
parting from the spirit of the invention, and it is intended
to claim all such changes and modifications as fall within
the scope of the invention. For example, any formulas
given above are merely representative of procedures that
may be used. Functionality may be added or deleted from
the block diagrams and operations may be interchanged
among functional blocks. Steps may be added or deleted
to methods described within the scope of the present
invention.
[0116] Some enumerated example embodiments
(EEEs) follow:

EEE 1. A method of operating a portable media de-
vice, the method comprising
while the portable media device is coupled to a par-
ticular playback system, playing back an audio signal
on the portable media device and particular playback
system combination in a particular listening arrange-
ment while the portable media device applies a par-
ticular set of one or more corrective filters selected
from a pre-stored collection of one or more sets of
corrective filters or the data therefor,
wherein the collection of one or more sets of correc-
tive filters or the data therefor is pre-stored in or for
the portable media device, and each of one or more
sets of the collection is associated with a correspond-
ing listening arrangement and a corresponding play-
back system, and
wherein the particular set of one or more corrective
filters is determined by a calibration process that in-
cludes,
recording on the portable media device a sound field
resulting from one or more pre-defined calibration
signals being played back on the particular playback
system, the recording using a microphone built in or
connected to the portable media device while the
microphone is at one or more desired listener loca-
tions of the particular listening arrangement,
analyzing the recording of the sound field to deter-
mine the particular set of one or more corrective fil-
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ters at least to equalize for the particular playback
system, and
storing the data for the particular set of one or more
corrective filters in or for the portable media device
for the particular playback system.

EEE 2. The method as recited in EEE 1, wherein the
collection of one or more sets of corrective filters or
the data therefor is stored remotely from the portable
media device and the particular sets of correction
filter or data therefor is loaded in the portable media
device for playback when or before the portable me-
dia device is coupled to the particular playback sys-
tem.

EEE 3. The method as recited in EEE 1, wherein the
collection of one or more sets of corrective filters or
the data therefor is stored in a storage subsystem
included in the portable media device.

EEE 4. The method as recited in any preceding EEE,
further comprising the media portable device receiv-
ing an indication from a user to use the particular set
of one or more corrective filters for playback.

EEE 5. The method as recited in any preceding EEE,
further comprising the portable media device receiv-
ing an indication from the particular playback system
indicating that particular portable media device is
coupled to the particular playback system, and re-
sponsive to the indication, the portable media device
automatically selecting the particular set of one or
more corrective filters associated with the particular
portable media device for playback.

EEE 6. The method as recited in any preceding EEE,
wherein at least one of the sets of corrective filters
is a default set predefined for a class of playback
systems.

EEE 7. The method as recited in any preceding EEE,
wherein the storing the particular set of one or more
corrective filters or the data therefore in or for the
portable media device for the particular playback
system includes storing an indicator that the partic-
ular set of one or more corrective filters is associated
with the particular playback system.

EEE 8. The method as recited in any preceding EEE,
wherein the portable media device includes a user
interface, and wherein the calibration method in-
cludes receiving on the user interface an indication
from a user to carry out the recording, analyzing, and
storing of the particular set of one or more corrective
filters or the data therefor.

EEE 9. The method as recited in any preceding EEE,
wherein portable media device is coupled by a net-

work to a remote processing system, and wherein
the analyzing the recording to determine the partic-
ular set includes:

sending the recorded sound field or data related
thereto to the remote processing system,

determining the particular set in the remote
processing system, and

receiving the determined particular set or the da-
ta therefor via the network from the remote
processing system.

EEE 10. The method as recited in any one of EEEs
1 to 8, wherein the analyzing the recording to deter-
mine the particular set is carried out by one or more
processors included in the portable media device.

EEE 11. A method of operating a portable media
device, the method comprising
recording on the portable media device a sound field
resulting from one or more pre-defined calibration
signals being played back on a particular playback
system, the recording using a microphone built in or
connected to the portable media device while the
microphone is at one or more desired listener loca-
tions of a particular listening arrangement;
analyzing the recording of the sound field to deter-
mine a particular set of one or more corrective filters
at least to equalize for the particular playback sys-
tem, and
storing the data for the particular set of one or more
corrective filters in or for the portable media device
for the particular playback system,
such that while the portable media device is coupled
to the particular playback system, an audio signal is
playable on the portable media device and particular
playback system combination in the particular listen-
ing arrangement while the portable media device ap-
plies the determined particular set of one or more
corrective filters.

EEE 12. The method as recited in EEE 11, wherein
the storing of the data for the particular set of one or
more corrective filters is into a pre-stored collection
of one or more sets of corrective filters or the data
therefor stored in or for the portable media device,
each of one or more sets of the collection being as-
sociated with a corresponding listening arrangement
and a corresponding playback system.

EEE 13. The method as recited in EEE 12, wherein
at least one of the sets of corrective filters is a default
set predefined for a class of playback systems.

EEE 14. The method as recited in any one of EEEs
11 to 12, wherein the storing of the particular set of
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one or more corrective filters or the data therefor is
into a storage subsystem remote from the portable
media device, such that the particular set of correc-
tion filter or data therefor is loaded in the portable
media device when or before the portable media de-
vice is coupled to the particular playback system for
playback of an audio signal.

EEE 15. The method as recited in any one of EEEs
11 to 12, wherein storing of the particular set of one
or more corrective filters or the data therefor is in a
storage subsystem included in the portable media
device.

EEE 16. The method as recited in any one of EEEs
11 to 13, wherein the storing the particular set of one
or more corrective filters or the data therefore in or
for the portable media device for the particular play-
back system includes storing an indicator that the
particular set of one or more corrective filters is as-
sociated with the particular playback system.

EEE 17. The method as recited in any one of EEEs
11 to 16, wherein the portable media device includes
a user interface, and wherein the method further
comprises receiving on the user interface an indica-
tion from a user to carry out the recording, analyzing,
and storing of the particular set of one or more cor-
rective filters or the data therefor.

EEE 18. The method as recited in any one of EEEs
11 to 17, wherein the portable media device is cou-
pled by a network to a remote processing system,
and wherein the analyzing the recording to deter-
mine the particular set includes:

sending the recorded sound field or data related
thereto to the remote processing system,

determining the particular set in the remote
processing system, and receiving the deter-
mined particular set or the data therefor via the
network from the remote processing system.

EEE 19. The method as recited in any one of EEEs
11 to 17, wherein the analyzing the recording to de-
termine the particular set is carried out by one or
more processors included in the portable media de-
vice.

EEE 20. A portable media device comprising:

a playback subsystem configured to play back
a selected audio signal;

a filter subsystem coupled to the playback sub-
system and configured to apply a set of one or
more corrective filters to an audio signal during

playback of the audio signal;

a coupling configured to couple the portable me-
dia device to a matching coupling included in a
playback system;

a user interface configured to accept input from
a user; and

a microphone or a coupling to a microphone;

wherein the filter subsystem is configured to ap-
ply a particular set of one or more corrective fil-
ters associated with a particular playback sys-
tem and particular listening arrangement during
playback of an audio signal via the particular
playback system when the portable media de-
vice is coupled to the particular playback system
in the particular listening arrangement,

wherein the particular set of one or more correc-
tive filters is part of a collection of one or more
sets of corrective filters or the data therefor pre-
stored in or for the portable media device, each
of one or more sets of the collection being as-
sociated with a corresponding listening arrange-
ment and a corresponding playback system.

EEE 21. The portable media device as recited in EEE
20, wherein the portable media device is configured
to:

record a sound field resulting from one or more
pre-defined calibration signals being played
back on the particular playback system, the re-
cording using the microphone in or
connected to the portable media device while
the microphone is at one or more desired listener
locations of the particular listening arrangement;
analyze the recording of the sound field to de-
termine the particular set of one or more correc-
tive filters at least to equalize for the particular
playback system; and store the data for the par-
ticular set of one or more corrective filters in or
for the portable media device for the particular
playback system.

EEE 22. The portable media device as recited in any
one of EEEs 20 to 21, further comprising:

at least one processor; and

a storage subsystem coupled to the filter sub-
system and to the at least one processor,

wherein applying the particular set of one or
more corrective filters includes digitally process-
ing digital signals on at least one of the one or
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more processors.

EEE 23. The portable media device as recited in any
one of EEEs 20 to 22, wherein the collection of one
or more sets of corrective filters or the data therefor
is stored remotely from the portable media device
and the particular sets of correction filter or data
therefor is loaded in the portable media device for
playback when or before the portable media device
is coupled to the particular playback system.

EEE 24. The portable media device as recited in EEE
22, wherein the collection of one or more sets of cor-
rective filters or the data therefor is stored in the stor-
age subsystem.

EEE 25. The portable media device as recited in any
one of EEEs 20 to 24, wherein the user interface is
configured to receive an indication from a user to
use the particular set of one or more corrective filters
for playback.

EEE 26. The portable media device as recited in any
one of EEEs 20 to 25, wherein the portable media
device is configured to receive an indication from the
particular playback system indicating that the partic-
ular portable media device is coupled to the partic-
ular playback system, and responsive to the indica-
tion, to automatically select the particular set of one
or more corrective filters associated with the partic-
ular portable media device for playback.

EEE 27. The portable media device as recited in any
one of EEEs 20 to 26, wherein at least one of the
sets of corrective filters is a default set predefined
for a class of playback systems.

EEE 28. The portable media device as recited in any
one of EEEs 21 to 27, wherein the storing the par-
ticular set of one or more corrective filters or the data
therefore in or for the portable media device for the
particular playback system includes storing an indi-
cator that the particular set of one or more corrective
filters is associated with the particular playback sys-
tem.

EEE 29. The portable media device as recited in any
one of EEEs 21 to 28, wherein the portable media
device is configured to receive on the user interface
an indication from a user to carry out the recording,
analyzing, and storing of the particular set of one or
more corrective filters or the data therefor.

EEE 30. The portable media device as recited in any
one of EEEs 21 to 29, wherein the portable media
device includes a network interface to couple the
portable media device to a remote processing sys-
tem via a network, and wherein the portable media

device is configured, for the analyzing the recording
to determine the particular set, to:

send the recorded sound field or data related
thereto to the remote processing system such
that the remote processing system can deter-
mine the particular set, and to receiving the de-
termined particular set or the data therefor via
the network from the remote processing system.

EEE 31. The portable media device as recited in any
one of EEEs 21 and 23 to 29, further comprising:

at least one processor,
wherein the analyzing the recording to deter-
mine the particular set is carried out by the at
least one processor.

EEE 32. A portable media playback device compris-
ing
means for playing back an audio signal;
means for filtering configured to apply a set of one
or more corrective filters to an audio signal during
playback of the audio signal by the means for playing
back;
means for coupling the portable media device to a
playback system;
means for accept input from a user; and
means for recording a sound field;
wherein the means for filtering is configured to apply
a particular set of one or more corrective filters as-
sociated with a particular playback system and par-
ticular listening arrangement during playback of an
audio signal via the particular playback system when
the portable media device is coupled by the means
for coupling to the particular playback system in the
particular listening arrangement,
wherein the particular set of one or more corrective
filters is part of a collection of one or more sets of
corrective filters or the data therefor pre-stored in or
for the portable media device, each of one or more
sets of the collection being associated with a corre-
sponding listening arrangement and a correspond-
ing playback system.

EEE 33. The portable media device as recited in EEE
32, further comprising:

means for analyzing a recording of a sound field
resulting from one or more pre-defined calibra-
tion signals to determine a set of one or more
corrective filters; and

means for storing the data for a set of one or
more corrective filters,

wherein the means for recording is configured to
record a sound field resulting from one or more pre-

33 34 



EP 2 986 034 A1

19

5

10

15

20

25

30

35

40

45

50

55

defined calibration signals being played back on the
particular playback system at one or more desired
listener locations of the particular listening arrange-
ment, the means for analyzing is configured to ana-
lyze the recording of the sound field to determine the
particular set of one or more corrective filters at least
to equalize for the particular playback system; and
the means for storing is configured to store the data
for the particular set of one or more corrective filters
in or for the portable media device for the particular
playback system.

EEE 34. The portable media device as recited in any
one of EEEs 32 to 33, further comprising means for
digitally processing,
wherein the means for filtering includes digitally
processing of a digital signal by the means for digit-
ally processing.

EEE 35. The portable media device as recited in any
one of EEEs 32 to 34, wherein the collection of one
or more sets of corrective filters or the data therefor
is stored remotely from the portable media device
and the particular sets of correction filter or data
therefor is loaded in the portable media device for
playback when or before the portable media device
is coupled to the particular playback system.

EEE 36. The portable media device as recited in EEE
34, wherein the collection of one or more sets of cor-
rective filters or the data therefor is stored in the
means for storing.

EEE 37. The portable media device as recited in any
one of EEEs 32 to 36, wherein the means for accept-
ing input is configured to receive an indication from
a user to use the particular set of one or more cor-
rective filters for playback.

EEE 38. The portable media device as recited in any
one of EEEs 32 to 37, wherein the portable media
device is configured to receive an indication from the
particular playback system indicating that particular
portable media device is coupled to the particular
playback system, and responsive to the indication,
to automatically select the particular set of one or
more corrective filters associated with the particular
portable media device for playback.

EEE 39. The portable media device as recited in any
one of EEEs 32 to 38, wherein at least one of the
sets of corrective filters is a default set predefined
for a class of playback systems.

EEE 40. The portable media device as recited in any
one of EEEs 33 to 39, wherein the storing the par-
ticular set of one or more corrective filters or the data
therefore in or for the portable media device for the

particular playback system includes storing an indi-
cator that the particular set of one or more corrective
filters is associated with the particular playback sys-
tem.

EEE 41. The portable media device as recited in any
one of EEEs 33 to 40, wherein the portable media
device is configured to receive on the means for ac-
cepting input an indication from a user to carry out
the recording, analyzing, and storing of the particular
set of one or more corrective filters or the data there-
for.

EEE 42. The portable media device as recited in any
one of EEEs 33 to 41, wherein portable media device
includes means for interfacing to a network to couple
the portable media device to a remote processing
system via a network, and wherein the portable me-
dia device is configured, for the analyzing the record-
ing to determine the particular set, to:

send the recorded sound field or data related
thereto to the remote processing system such
that the remote processing system can deter-
mine the particular set, and receive the deter-
mined particular set or the data therefor via the
network from the remote processing system.

EEE 43. The portable media device as recited in any
one of EEEs 33 and 35 to 41, further comprising:

means for digitally processing,

wherein the means for analyzing the recording to
determine the particular set uses the means for dig-
itally processing.

Claims

1. A method of operating a portable media device that
includes a filter subsystem, the method comprising:

carrying out a calibration method for a first lis-
tening arrangement in order to pre-store on or
for the portable media device a first set of one
or more corrective filters corresponding to the
first listening arrangement, the first listening ar-
rangement including the portable media device
and a first playback system having a first input
to which the output of the portable media device
is coupled, the coupling being direct, by wire,
wireless, or by network, the first playback sys-
tem being distinct and separable from the port-
able media device and including a first amplifier
and a first set of at least one loudspeaker, the
calibration method for the first listening arrange-
ment comprising:
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(a) recording on the portable media device
a sound field resulting from one or more cal-
ibration signals of known or determinable
characteristics being played back on the
portable media device while the output of
the portable media device is coupled either
directly, by wire, wirelessly, or by network
to the first input of the first playback system,
the recording using a microphone built in or
connected to the portable media device
while the microphone is at one or more lis-
tener locations of the first listening arrange-
ment;
(b) analyzing the recording of the sound field
to determine a first set of one or more cor-
rective filters at least to equalize for play-
back from the portable media device via the
first playback system in the first listening ar-
rangement, the analysis being carried out
on the portable media device or on a remote
processing system coupled to the portable
media device, such that the analysis does
not require the separate first playback sys-
tem, and
(c) pre-storing the data for the first set of
one or more corrective filters in or for the
portable media device for the first listening
arrangement that includes the separate first
playback system.
such that while the portable media device
is coupled either directly, by wire, wireless-
ly, or by network to the first input of the first
playback system of the first listening ar-
rangement, and while an audio signal is
played back on the portable media device
via the first playback system that is distinct
and separable from the portable media de-
vice in said first listening arrangement, the
filter subsystem of the portable media de-
vice applies the pre-stored first set of one
or more corrective filters corresponding to
said each listening arrangement, in order
that a listener at a listening location of said
first listening arrangement listens to the au-
dio signal after correction for the first listen-
ing arrangement without requiring the first
playback system of said listening arrange-
ment to have the capability of carrying out
any corrective filtering.

2. The method as recited in claim 1, wherein the pre-
storing of the first set of one or more corrective filters
or the data therefor in or for the portable media device
for the first playback system in the first listening ar-
rangement includes pre-storing an indicator that the
first set of one or more corrective filters is associated
with the first listening arrangement that includes the
first playback system.

3. The method as recited in any previous claim, wherein
the portable media device includes a user interface,
and wherein the calibration method for the first lis-
tening environment includes receiving on the user
interface an indication from a user to carry out the
recording, analyzing to determine, and pre-storing
of the first set of one or more corrective filters or the
data therefor.

4. The method as recited in any previous claim, wherein
the portable media device is coupled by a network
to a remote processing system, and wherein the an-
alyzing a recorded sound field to determine the first
set includes:

sending the recorded sound field or data related
thereto to the remote processing system,
determining the first set in the remote processing
system, and
receiving the determined first set or the data
therefor via the network from the remote
processing system.

5. The method as recited in any one of claims 1 to 3,
wherein the analyzing a recorded sound field to de-
termine the first set is carried out by one or more
processors included in the portable media device.

6. The method as recited in any previous claim, wherein
the first set of one or more corrective filters or the
data therefor are stored in a storage subsystem in-
cluded in the portable media device.

7. The method as recited in any one of claims 1 to 5,
wherein the pre-storing of the first set of one or more
corrective filters or the data therefor is into a storage
subsystem remote from the portable media device,
such that the first set of correction filter or data there-
for is loaded in the portable media device when or
before the portable media device is coupled to the
first playback system in the first listening arrange-
ment for playback of an audio signal.

8. The method as recited in any previous claim, wherein
the portable media device has stored therein or
therefor a plurality of sets of one or more corrective
filters, including the first set, and wherein at least one
of the plurality of sets of one or more corrective filters
is a default set predefined for a class of listening
arrangements with respective remote playback sys-
tems, such that the portable media system can play
back signals with correction for any one of the class
of listening arrangements without any device other
than the portable media device in said any one of
the class of listening arrangements required to have
the capability of carrying out any corrective filtering.

9. The method as recited in any previous claim, wherein
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carrying out the calibration method further compris-
es:

(d) repeating the calibration method comprising
steps (a) to (c) for at least a second listening
arrangement, such that for each of a plurality of
listening arrangements, there is pre-stored in or
for the portable media device a corresponding
set of one or more corrective filters, such that
the portable media system can play back signals
with correction for any one of the plurality of lis-
tening arrangements without any device other
than the portable media device in said any one
of the plurality of listening arrangements re-
quired to have the capability of carrying out any
corrective filtering.

10. The method as recited in any previous claim, further
comprising:

while the portable media device is coupled to
the input of a playback system of a listening ar-
rangement which there is pre-stored a corre-
sponding set of one or more corrective filters,
the playback system being distinct and separa-
ble from the portable media device:

playing back a selected audio signal on the
portable media device via the playback sys-
tem in the listening arrangement; and
during the playing back, applying the pre-
stored set of one or more corrective filters
for the listening arrangement by the filter
subsystem of the portable media device,

such that a listener at a listening location of said
listening arrangement listens to the selected au-
dio signal after correction for the listening ar-
rangement without requiring any element of the
listening arrangement other than the portable
media device to have any corrective filtering ca-
pability.

11. The method as recited in any previous claim, wherein
the portable media device is part of a portable tele-
phone device that is capable of playback of media
signals including audio signals.

12. A non-transitory computer-readable medium with in-
structions stored thereon that when executed by one
or more processors included in a portable media de-
vice that includes a filter subsystem, cause carrying
out a method of operating the portable media device,
the method as recited in any previous claim.

13. A portable media device comprising:

a playback subsystem configured to play back

a selected audio signal;
a user interface configured to accept input from
a user;
a microphone or a coupling to a microphone;
a filter subsystem coupled to the playback sub-
system and configured to apply a first set of one
or more corrective filters to the output of the play-
back subsystem during playback of the audio
signal to generate a first filtered selected audio
signal;
means for carrying out a calibration method, in-
cluding carrying out a first calibration method for
a first listening arrangement in order to pre-store
on or for the portable media device the first set
of one or more corrective filters corresponding
to the first listening arrangement, the first listen-
ing arrangement including a first playback sys-
tem separate from and remote to the portable
media device, the first playback system com-
prising a first amplifier and a first set of at least
one loudspeaker; and
a coupling configured to accept the first filtered
selected audio signal from the portable media
device and input the first filtered selected audio
signal to a matching coupling included in the first
playback system, such that a listener at a listen-
ing position in the first listening arrangement can
hear the first filtered selected audio signal
played back via the first playback system;
wherein the calibration method is as recited in
the method of any one of claims 1 to 9.

14. The portable media device as recited in claim 13,
further comprising:

one or more processors; and
a storage subsystem coupled to the filter sub-
system and to at least one processor of the one
or more processors,
wherein applying the first set of one or more cor-
rective filters includes digitally processing digital
signals on at least one of the one or more proc-
essors.

15. The portable media device as recited in any one of
claims 13 to 14, comprising components to enable
the portable media device to operate as a portable
telephone.
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