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Wireless and Dockable Audio Interposer Device

TECHNICAL FIELD

[0001] This description relates to sharing audio through a device that is both
wireless and dockable.

BACKGROUND

[0002] Itis commonplace for users of personal electronic devices, such as cell
phones, MP3 music players and PDAs, to also acquire various wired devices
designed to connect to those personal electronic devices and function as
accessories to those personal electronic devices. Such wired devices have included
headphones, battery chargers, audio docking devices, docking interfaces for cars,
and home entertainment systems featuring docking interfaces. The more
sophisticated among these wired devices have used multi-purpose digital buses in
their connections with those personal electronic devices, including digital serial
buses at least partly conforming to the "Universal Serial Bus" specification (USB
specification) promulgated by the USB Implementers Forum, Inc. of Beaverton, OR.
These accessories allowed such users to take their personal electronic devices
from place to place and enjoy listening to audio and performing other tasks with
those devices at each location, as well as on the way to each location.

[0003] However, various wireless devices meant to be used as accessories with
personal electronic devices have become prevalent much more recently, providing
wireless communications capabilities that allow their use with personal electronic
devices as accessories, but without the inconvenience of a physical connection.
Such wireless devices have also included headphones, wireless home
entertainment systems, and wireless interfaces to other audio devices, including car
audio systems. The more sophisticated among these wireless devices have used
multi-purpose point-to-point RF wireless links permitting the exchange of many
forms of commands and data beyond simply audio, including wireless point-to-point
-1 -
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links at least partly conforming to the "Bluetooth” specification promulgated by the
Bluetooth Special Interest Group of Bellevue, WA.

[0004] While the additional convenience of wireless devices versus wired devices
may be attractive, even for users of personal electronic devices capable of
communicating with wireless devices, the fact that they have already purchased and
own multiple wired devices may discourage them from ever making use of wireless
communications due to the considerable investment they've already made. This can
be especially true where the wired device they would have to replace is a large and
expensive one such as a home entertainment system or audio docking device, or
where considerable effort would be required such as the non-trivial task of replacing
a docking interface in a car with a wireless one.

[0005] Further, despite the convenience of wireless devices versus wired devices
arising from the lack of a need for a physical connection with a personal electronic
device, a majority of the personal electronic devices with wireless communications
capability that are currently available are designed with a limitation that actually puts
the use of wireless communications at a disadvantage in comparison to the user of
wired communications. For the sake of ensuring security between the personal
electronic device and a wireless device, a manually-initiated registration between the
personal electronic device and the wireless device must often be performed in which
information about that wireless device is stored within the personal electronic device,
causing that one wireless device to become the one and only wireless device with
which the personal electronic device engages in wireless communications for a
given purpose (e.g., listening to stereo audio, or hands-free two-way telephone
communications). This means that if a user of a personal electronic device having
this limitation wishes to switch from using it with a first wireless device for a given
purpose to using the personal electronic device with a second wireless device for
that same purpose, the user must manually initiate a new registration between the
personal electronic device and the second wireless device. However, initiating the
new registration for the second wireless device undoes the registration that had
earlier been done for the first wireless device such that if the user wishes to go back
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to using the first wireless device with the personal electronic device for that same
purpose, the user must again manually initiate another registration procedure to do
so. This limitation is frequently encountered with personal electronic devices
employing wireless communications conforming to the Bluetooth specification. This
contrasts sharply in its lack of convenience in comparison to the ease with which it is
possible for a user to switch between using any two wired devices that he or she
chooses to use with a personal electronic device for a given purpose. For example,
switching between a wired pair of high quality around-ear (or circumaural)
headphones to a wired pair of in-ear headphones (or earphones) for the purpose of
listening to stereo audio is typically a matter of simply disconnecting one and
connecting the other, without any device registration requirements.

SUMMARY

[0006] An apparatus meant to be interposed between a wired device and a
wireless device gathers information concerning the functions of which each of the
wired device and wireless devices are capable, passing on signals from the wireless
device to the wired device to perform an audio function if the wired device is
determined to be present and/or capable of performing the audio function,
performing the audio function if capable of doing so and if the wired device is
determined to not be present and/or incapable of performing the audio function, and
responding to the wireless device as if the audio function were successfully
performed if incapable of doing so and if the wired device is determined to not be
present and/or incapable of performing the audio function.

[0007] In one aspect, the invention features an audio interposer device
comprising a processor, a transceiver accessible to the processor and configured to
engage in wireless communications with a wireless device across a wireless point-
to-point link formed between the audio interposer device and the wireless device, a
connector accessible to the processor and configured to connect with a wired device
to engage in wired communications with the wired device, a storage accessible to
the processor and having a routine stored therein comprising a sequence of
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instructions. When the sequence of instructions is executed by the processor, the
processor is caused to await an attempt by the wireless device to utilize a function
for which an indication was sent to the wireless device that the audio interposer
device is capable of performing that function thereby inducing the wireless device to
enable use of a first protocol across the link to enable the link to be utilized to
support the function, wherein the indication was sent to the wireless device without
regard to whether or not either the audio interposer device or the wired device is
actually capable of performing that function, determine whether or not the wired
device is capable of performing the function, signal the wired device to perform the
function in response to the attempt by the wireless device to utilize the function, and
the wired device being determined to be capable of performing the function, perform
the function in response to the attempt by the wireless device to utilize the function,
the audio interposer device being capable of performing the function, and the wired
device being determined to not be capable of performing the function, and operate
the transceiver to utilize the first protocol to respond to the wireless device in a
manner that simulates a successful performance of the function in response to the
attempt by the wireless device to utilize the function, the audio interposer device not
being capable of performing the function, and the wired device being determined to

not be capable of performing the function.

[0008] Implementations of the invention may include one or more of the following
features. Implementations could include the processor being further caused to
determine the functions of which the wired device is capable through receiving an
indication to that effect from the wired device or performing a test of the wired device
to deduce whether it is capable. Implementations could include the processor being
further caused to determine a second protocol used to determine a second protocol
used by the wired device in wired communications and to convert commands, data
and/or audio data formats between the first and second protocols. Implementations
could include a microphone enabling the apparatus to detect audio to transmit to the
wireless device, an indicator enabling the apparatus to display data, and/or
detachable wireless earphones enabling the apparatus to audibly output audio to a

user. Implementations could include a cradle enabling the apparatus to recharge
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detachable wireless earphones, with power for recharging possibly supplied by the
wired device.

[0009] In one aspect, the invention features a method comprising awaiting an
attempt by a wireless device to utilize a function for which an indication was sent to
the wireless device that an audio interposer device is capable of performing that
function thereby inducing the wireless device to enable use of a first protocol across
a link between the audio interposer device and the wireless device to enable the link
to be utilized to support the function, wherein the indication was sent to the wireless
device without regard to whether or not either the audio interposer device or a wired
device connectable to the audio interposer device through a connector of the audio
interposer device is actually capable of performing that function, determining
whether or not the wired device is capable of performing the function, signaling the
wired device to perform the function in response to the attempt by the wireless
device to utilize the function, and the wired device being determined to be capable of
performing the function, performing the function in response to the attempt by the
wireless device to utilize the function, the audio interposer device being capable of
performing the function, and the wired device being determined to not be capable of
performing the function, and operating the transceiver to utilize the first protocol to
respond to the wireless device in a manner that simulates a successful performance
of the function in response to the attempt by the wireless device to utilize the
function, the audio interposer device not being capable of performing the function,
and the wired device being determined to not be capable of performing the function.

[0010] Implementations of the invention may include one or more of the following
features. Implementations could include determining the functions of which the
wired device is capable through receiving an indication to that effect from the wired
device or performing a test of the wired device to deduce whether it is capable.
implementations could include determining a second protocol used to determine a
second protocol used by the wired device in wired communications, and converting
commands, data and/or audio data formats between the first and second protocols.
Implementations could include a using a microphone of the apparatus to detect

-5-



WO 2009/058612 PCT/US2008/080595

audio to transmit to the wireless device, using an indicator of the apparatus to
display data, and/or using detachable wireless earphones of the apparatus to
audibly output audio to a user. Implementations could include using a cradle of the
apparatus to recharge detachable wireless earphones while the apparatus is
connected to a wired device providing power.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 depicts an audio interposer device interposed between a wireless
device and one of a selection of wired devices.

[0012] FIG. 2 is a block diagram of an audio interposer device of FIG. 1.

[0013] FIG. 3 depicts another audio interposer device interposed between a
wireless device and one of a selection of wired devices.

[0014] FIG. 4 is a block diagram of an audio interposer device of FIG. 3.

[0015] FIG. 5 depicts still another audio interposer device interposed between a
wireless device and one of a selection of wired devices.

[0016] FIG. 6 depicts an alternate physical form of an audio interposer device.

[0017] FIG. 7 depicts another alternate physical form of an audio interposer

device.
[0018] FIG. 8 depicts an audio interposer supporting wireless earphones.

DETAILED DESCRIPTION

[0019] Figure 1 depicts a possible operation of an audio interposer device 100 as
interposed between a personal electronic device 900 and a pair of earphones 700,
or interposed between the personal electronic device 900 and an audio docking
device 800. The personal electronic device 900 incorporates a connector 950
capable of being connected directly to either of a connector 750 of the pair of
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earphones 700 or a connector 850 of the audio docking device 800, wherein the pair
of earphones 700 and the audio docking device 800 are but two examples of wired
devices. The personal electronic device 900 is capable of conveying audio to and
receiving commands from whatever wired device is connected to the connector 950
employing various protocols associated with that wired connection. However, the
personal electronic device 900 also incorporates a wireless transceiver by which the
personal electronic device 900 is capable of forming a wireless point-to-point link
with a wireless device. With that link formed, the personal electronic device 900 is
capable of conveying audio to and receiving commands from that wireless device
employing various protocols associated with that link. In other words, the personal
electronic device 900 is capable of conveying audio to and receiving commands
from either wired or wireless devices using appropriate protocols associated with
each form of communication. As a result, the personal electronic device 900 is
capable of operating as either a wired or wireless device, however, throughout much
of the discussion to follow, the personal electronic device 900 is operated largely as

a wireless device.

[0020] When interposed between the personal electronic device 900 and either
the pair of earphones 700 or the audio docking device 800, the audio interposer
device 100 interacts with the personal audio device 900 as a wireless device in a
point-to-point wireless link using the protocols associated with that link, while also
interacting as a wired device with whichever one of the earphones 700 or the audio
docking device 800 is connected to the connector 150 of the audio interposer device
100 using protocols associated with that wired connection. While so interposed, the
audio interposer device 100 conveys audio and commands between the wireless
and wired forms of communications in which the audio interposer device 100 is
engaged. To enable this conveyance of audio and commands, the audio interposer
device 100 may engage in initialization procedures for each of the wireless and
wired forms of communication where the audio interposer device 100 exchanges
indications of functionality and/or identity with each of the wireless and wired devices
with which the audio interposer device 100 is in communication. With such

initialization procedures completed, the audio interposer device 100 may use the
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indications of functionality and/or identity received from each of the wired and
wireless devices with which the audio interposer device 100 is in communication to
engage in a conversion between the protocols of the wireless and wired forms of
communications in which the audio interposer device 100 is engaged. Such
conversion of protocols may entail converting audio (as well as other non-audio
data) from one format in which it was received from the point-to-point wireless link
into another format (perhaps including converting the audio from digital to analog) for
conveying through the connector 150 to a wired device connected thereto. Such
conversion of protocols may also entail converting commands received through the
connector 150 into equivalent commands for transmission across the point-to-point
wireless link to a wireless device.

[0021] In essence, and as will be explained in greater detail, the audio interposer
device 100 operates its connector 150 to mimic the operation of the connector 950
of the personal electronic device 900 to present a wired connection capability to
wired devices meant to be substantially indistinguishable to those wired device from
the wired connection capability of the personal electronic device 900. Also, audio
interposer device 100 uses wireless protocols to mimic a wireless device supporting
a wide range of audio and other functions in a wireless point-to-point link with the
personal electronic device 900 to induce the personal electronic device 900 to
enable the use of the link for a myriad of audio, command and other functions. In
this way, the audio interposer device 100 provides the user of the personal
electronic device 900 with a form of wireless "telepresence” in that wired devices
(such as the pair of earphones 700 and the audio docking device 800) that would
normally need to be directly connected to the connector 950 of the personal
electronic device 900 in order to be used with the personal electronic device 900 can
be mated to the audio interposer device 100, instead. This is meant to alleviate the
need for a user of the personal electronic device 900 to obtain and use only wireless
devices with the personal electronic device 900 in order to have the convenience of
using a wireless link over a physical connection between the personal electronic
device 900 and various wired devices.
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[0022] The use of the audio interposer device 100 to enable the personal
electronic device 900 to communicate wirelessly with wired devices also provides an
additional benefit that overcomes the limitation of many existing forms of the
personal electronic device 900 restricting the registration of wireless devices to only
one wireless device at any one time for a given purpose. Once the audio interposer
device 100 is registered with the personal electronic device 900 for a given purpose,
then any of a wide variety of wired devices may be connected to the audio interposer
device 100 at any time to serve that given purpose without a repeat of the
registration being required. As a result, the use of wired devices may become
preferable to the use of their wireless equivalents.

[0023] The personal electronic device 900 may be of any of a variety of types of
personal electronic device, including and not limited to, various multimedia,
information handling and/or communications devices such as a cell phone, a digital
music player (e.g., a typical MP3 music file player), portable camera with audio
playback functionality, a personal data assistant (PDA), or a personal navigation
device (such as a global positioning system receiver). Ata minimum, the personal
electronic device 900 provides audio either in digital form across a wireless point-to-
point link, or in analog and/or digital form through the connector 950. This audio
may be any of a variety of forms of audio, including and not limited to, digitized
music stored on the personal electronic device 900, and audio received by the
personal electronic device 900 from an RF transmission (e.g., FM or satellite radio).
The personal electronic device 900 may also be capable of receiving remote control
commands from a wireless point-to-point link or through the connector 950 to enable
the remote control of various functions of the personal electronic device 900,
including commands related audio (e.g., commands to stop, pause, play, fast-
forward, adjust a volume, change a channel, etc.). The commands may correspond
to functions accessible through a manually-operable control 922 incorporated into
the personal electronic device 900. The personal electronic device 900 may also be
capable of transmitting textual or other data beyond audio, including song titles,
track titles, time, date, GPS coordinates, RF signal strength, etc. These various
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pieces of data may correspond to data displayable on an indicator 923 incorporated
into the personal electronic device 900.

[0024] The pair of earphones 700 and the audio docking device 800 are shown in
Figure 1 chiefly to illustrate some of the wide range in differences in the types of
wired devices that a user of the personal electronic device 900 may choose to
connect to the connector 150 of the audio interposer device 100, instead of the
connector 950 of the personal electronic device, in order to use those wired devices
in a wireless manner with the personal electronic device 900. The pair of earphones
700 incorporates a connector 750 at one end of a cable and a pair of acoustic
drivers 770a and 770b at the other end of the cable that are inserted into opposite
ears to enable listening to audio. The audio docking device 800 is meant to serve as
an example of a more complex form of wired device able to perform multiple
functions, such as output audio, remote controlling another device, and charging a
battery of another device. The audio docking device 800 incorporates one or more
acoustic drivers 870 along with a manually-operable control 822. The audio docking
device 800 also incorporates a connector 850 in a so-called "docking port"
configuration where either the personal electronic device 900 or the audio interposer
device 100 would be held in place in a cradle-like manner and supplied with power
by the audio docking device 800 to recharge a battery associated with the audio
interposer device 100. As the audio docking device is also shown for illustrative
purposes, the audio docking device 800 may be substituted with a docking port built
into an automabile dashboard, a docking port physically separate from and attached
to an audio device by a cable, or other similar wired devices.

[0025] For the audio interposer device 100 to engage in conveying audio,
commands and/or other data between itself and a wireless device (such as the
personal electronic device 900), a wireless point-to-point link must first be formed
between them. The technology on which this link is based dictates what is entailed
in its formation, and that link may be of any of a wide variety of types employing RF
signals, infrared signals, or any of a variety of other forms of wireless transmission
media. Where RF signals are employed, the link may at least partially conform to
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the Bluetooth specification, or to any of a variety of other specifications for wireless
networking as would be appropriate for the range and power limitations of portable
devices that may be carried by a user on his or her person. As those familiar with
such wireless specifications will readily recognize, such wireless communications are
often accompanied with security mechanisms that include requiring two devices that
are to be in such communication with each other to first undergo a link
establishment procedure between them by which identification codes, security keys,
etc., are exchanged between them. Depending on the technology on which the link
is based, the audio interposer device 100 supports the carrying out of such a link
establishment procedure.

[0026] Similarly, for the audio interposer device 100 to engage in conveying
audio, commands and/or other data between itself and a wired device (such as
either the pair of earphones 700 or the audio docking device 800), the wired device
must first be connected to the connector 150. As it is intended that the audio
interposer device 100 mimic the behavior of a given wireless device in the manner in
which the audio interposer device operates the connector 150, such mimicry may
dictate a specific behavior that must be exhibited by the audio interposer device 100
through the connector 150 in response to the connection of a wired device to the
connector 150. This behavior may also include an exchange of identification codes,
security keys, etc., or this behavior may be as simple as activating one or more
contacts of the connector 150 to enable the conveying of audio, commands and/or
other data. Where a digital serial bus is implemented through the connector 150,
that digital serial bus may at least partially conform to the USB specification, or to
any of a variety of other peripheral device digital bus specifications.

[0027] With the wireless point-to-point link having been formed and with the wired
device having been connected to the connector 150, the audio interposer device 100
gathers information concerning the wireless and wired devices to identify the
functional capabilities of each and various parameters concerning the conveying of
audio, commands and/or other data to and/or from each. Where procedures
involving an exchange of information have already been performed in either forming
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the link or preparing the connector 150 for communications, the audio interposer
device 100 may have already received information from one or both of the wireless
and wired devices indicating their functional capabilities. However, where this has
not occurred, or where the received information is not complete enough, the audio
interposer device 100 may carry out further procedures to obtain more information
about one or both of the wired and wireless devices. The primary purpose in
obtaining information on the wired or wireless devices is to determine what protocols
and/or data formats are to be used in communications with each of these devices.
Where one or both of the wireless and wired devices does not provide sufficient
information (or does not provide any information, at all), the audio interposer device
100 may perform a number of tests, including tests for occurrences of expected
responses to various signals provided to one or both of these devices, to attempt to
deduce the identity and/or the extent of the functionality of each.

[0028] Depending on the technologies employed in communications either across
the wireless point-to-point link or the through the connector 150, the audio interposer
device 100 may be required to provide information to each of the wireless and wired
devices about its own functionality. However, it should be noted that since the audio
interposer device 100 is meant to be interposed between the wireless and wired
devices to convey audio, commands and/or other data between them, information
concerning the functionality of the audio interposer device 100 sent to each device
should more properly be based on the functionality of the other device. However,
from the perspective of each device, the functionality offered by the audio interposer
device 100 to that device is actually the combination of the functionality of the audio
interposer device 100 and of the other device. By way of example, where the wired
device is the pair of earphones 700, which incorporates only the pair of acoustic
drivers 770a and 770b, and where the audio interposer device 100 incorporates a
manually-operable control 122 and an indicator 123, the audio interposer device 100
is able to offer both the functions of audio output through the pair of earphones 700
and of both remote control and textual data viewing functionality through the audio
interposer device 100, itself. Therefore, learning of the functionality of each of the

wired and wireless devices is, at least potentially, of use to the audio interposer
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device 100 in provide its own indications of functionality to each of the wired and
wireless devices.

[0029] Given that at least some of the technologies on which the wireless point-
to-point link may be based may require cumbersome procedures to be repeatedly
performed whenever there is a change of wireless device on either end of that link,
as is typically the case where the Bluetooth specification for a wireless link is
followed, the audio interposer device 100 may ease the burden on the user by
presenting the wireless device with which it wirelessly communicates with false
indications of the range of functionality of the audio interposer device 100. More
specifically, where the point-to-point link between the audio interposer device 100
and the wireless device at least partially conforms to the Bluetooth specification , the
audio interposer device 100 falsely indicates having support for multiple Bluetooth
"profiles" (more commonly referred to as protocols in other forms of wireless
technology). Among the Bluetooth profiles that the audio interposer device 100 may
falsely indicate having support for may be the general audio/video distribution profile
(GAVDP), the advanced audio distribution profile (A2DP), the human interface
device protocol (HIDP), the audio/video remote control profile (AVRCP), and the
serial port profile (SPP).

[0030] The exact set of false indications that the audio interposer device 100
presents to a wireless device across a point-to-point link may be permitted to be
chosen by a user of the audio interposer device 100, may be a preselected set of
functions deemed to be of use under most circumstances, or may be learned by the
audio interposer device 100 through the audio interposer device 100 identifying
various wired devices that the user attaches to the audio interposer device 100 and
their functions. Regardiess of how the set of false indications of functionality to be
presented to the wireless device are chosen, the intention is to present a set of false
indications that induce the wireless device to always enable support for a variety of
protocols and/or data formats for wireless communications. By so doing, the user is
free to connect whatever wired devices that he or she may wish to the connector
150 of the audio interposer device 100, and have the benefit of as much use of the
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capabilities of each of those wired devices with the wireless device through the
audio interposer device 100 as the wireless device is capable of supporting without
having to engage in cumbersome procedures to cause the wireless device to provide
that support each time the user connects a different wired device to the audio
interposer 100. Although, in some embodiments, the audio interposer device 100
may also present a wired device with similar false indications, this is far less likely to
be necessary as most wired devices requiring such information are often able to
respond to changes in the functionality of a device to which they are connected
without subjecting a user to repeated manual interactions to initiate cumbersome
procedures.

[0031] Drawing on what is depicted in Figure 1 as an example of the advantages
of providing such false indications, a user of both the personal electronic device 900
and the audio interposer device 100 may wish to be able to user either of the pair of
earphones 700 or the audio docking device 800 with the personal electronic device
900 through the audio interposer device 100. However, as has been previously
mentioned, the range of capabilities of the pair of earphones 700 and the audio
docking device 800 do differ. Furthermore, as has also been previously mentioned,
the audio interposer device 100 also provides a range of capabilities that can be
combined with those of either the pair of earphones 700 or the audio docking device
800. More specifically, the pair of earphones 700 provide the ability for the user to
listen to stereo audio through a pair of acoustic drivers 770a and 770b, while the
audio docking device 800 provides the ability to remotely control the personal
electronic device 900 through a manually-operable control 822 in addition to
providing perhaps the ability to listen to surround sound audio through at least one
acoustic driver 870 and/or other acoustic drivers not shown. Additionally, the audio
interposer device 100 may provide the ability to display textual information through
the indicator 123. Since either of the pair of earphones 700 or the audio docking
device 800 may be connected to the connector 150 at any time by the user, the
audio interposer device falsely presents the personal electronics device 900 with
indications of having the capabilities of receiving and playing both stereo and

surround sound audio, the capability of acting as a remote control able to remotely
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operate the personal electronic device 900, and the capability of displaying textual
data. The audio interposer device 100 does this without regard to which wired
device is connected to the connector 150, and without regard to whether or not any
wired device is connected to the connector 150, at all. In this way, the personal
electronic device 900 is induced into enabling communications protocols and/or
audio data formats that support conveying both stereo and surround sound audio to
the audio interposer device 100, is induced into enabling communications protocols
and/or command formats that support receiving remote control commands from the
audio interposer device 100, and is induced into enabling communications protocols
and/or textual data formats that support conveying textual data to the audio
interposer device 100. With the personal electronic device 900 being induced to
enabling all of these protocols and/or data formats, the user is free to connect
whichever wired devices he or she chooses, and those wired devices will
immediately have the benefit of any of those protocols and/or data formats as
needed.

[0032] With the wireless link and wired connection through the connector 150
fully established, device information exchanged as needed, and protocols enabled,
the audio interposer device 100 is able to be operated to at least convey audio (and
perhaps other non-audio data) from a wireless device (such as the personal
electronic device 900) to a wired device (such as either of the pair of earphones 700
or the audio docking device 800), and perhaps to also convey commands from the
wired device to the wireless device. However, given that the wireless link and the
wired connection employ different technologies, and likely employ different
protocols, the audio interposer device 100 may perform a number of conversions
between protocols and/or data formats in conveying audio, commands and/or other
data between the wireless link and the wired connection of the connector 150. The
audio interposer device may also have to generate false responses and/or false data
to be provided to one or both of the wired and wireless devices as part of these
conversions, especially where converting from one protocol to another or where the
audio interposer device 100 must simulate the presence of a capability that may not

truly be available at a given time. The audio interposer device 100 may make use of
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information concerning functionality and/or identity received from the wired and
wireless devices to determine what conversions, false responses and/or simulations
of missing capabilities are required.

[0033] Either the indications provided by the wired and wireless devices, or
deductions made concerning those devices as a result of tests may be employed by
the audio interposer device to determine how to respond to attempts by the wired
and/or wireless devices to make use of a capability not possessed by the other of
those two devices. More specifically, depending on the range of capabilities that a
wired device connected to the connector 150 is indicated or deduced to have, the
audio interposer device 100 may convey only audio received from the wireless
device through the connector 150, or may additionally convey commands and/or
non-audio data through the connector 150. By way of example, upon connection to
the connector 150, a relatively simple wired device incorporating little more than a
connector and one or more acoustic drivers (such as a simple form of the pair of
earphones 700) may not provide indicators of its functionality, and would likely be
revealed by tests to be capable of little more than accepting analog audio from the
audio interposer device 100. In response, the audio interposer device 100 may
convey nothing more than audio that was received from the wireless device and
converted into analog form through the connector 150, while simply discarding
commands and/or non-audio data received from the wireless device. Alternatively,
where the audio interposer device 100 has some ability to at least respond to the
commands and/or to carry them out, the audio interposer device 100 may attempt to
do so on behalf of the wired device, such acting as the volume control for the wired
device and carrying out volume adjustment commands from the wireless device. By
way of another example, upon connection to the connector 150, a more complex
wired device incorporating a user interface in addition to multiple acoustic drivers to
accommodate audio having multiple audio channels (such as the audio docking
device 800 incorporating a manually-operable control 822 and perhaps a human-
viewable indicator of some type) would likely provide an indication of its functionality.
In response, the audio interposer device 100 may convey audio received from the

personal electronic device 900 in digital form (presuming that this more complex
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wired device incorporates its own digital-to-analog converter), and may further
convey commands and/or data related to the received audio through the connector
150.

[0034] In this way, the audio interposer device 100 also alters the manner in
which its user interface functions, depending on the capabilities of the wired device
connected to the connector 150. Where a very simple wired device is so connected,
the audio interposer device 100 may provide control over more features through its
user interface in response to the simpler wired device not being able to provide such
control over the wired device to the user, itself. Similarly, where a more
sophisticated wired device is connected to the connector 150 such that this more
sophisticated device has a more complete user interface, the audio interposer
device 100 may not provide as large a degree of control over the wired device, since
that is likely to prove to be largely redundant to the degree of control already
provided by the wired device, itself.

[0035] Figure 2 is a block diagram of one possible internal architecture of the
audio interposer device 100 of Figure 1. The audio interposer device 100
incorporates a wireless transceiver 110, a user interface 120, a processor 130, a
storage 135, a digital-to-analog (D-to-A) converter 140, an amplifier 145, the
previously-discussed connector 150 and a power storage 190 storing and providing
electrical power to the rest of these. As those skilled in the art of processor-based
systems will readily recognize, a wide variety of bus architectures linking various
ones of these may be employed, however, regardless of the exact architecture
employed, the processor 130 is provided access to at least the wireless transceiver
110, the user interface 120, the storage 135 and the D-to-A converter 140. As will
be explained in greater detail, the processor 130 accesses the storage 135 to
retrieve a sequence of instructions making up a routine 132, and in executing the
routine 132, the processor 130 is caused to perform various functions during the
operation of the audio interposer device 100.

[0036] The processor 130 may be any of a variety of types of processing device,

including but not limited to, a general purpose processor, a digital signal processor
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or other more specialized processor having a limited instruction set optimized for a
given range of functions, a microcontroller or combinational logic. The storage 135
may be based on any of a wide variety of information storage technologies, including
but not limited to, static RAM, dynamic RAM, ROM of either erasable or non-
erasable form, FLASH, magnetic memory, ferromagnetic disk storage, phase-
change storage or magneto-optical storage. The storage 135 stores at least the
routine 132, and depending on what communications initialization, protocol and/or
data conversions, audio processing and/or audio buffering functions are caused by
the routine 132 to be performed by the processor 130, the storage 135 may also
store one or more of a wireless device data 136, a wired device data 137, a
conversion data 138 and an audio data 139.

[0037] The technology on which the wireless transceiver 110 is based depends
on the technology of the point-to-point link formed with the wireless device with
which the audio interposer device 100 wirelessly communicates (such as the
personal electronic device 900 of Figure 1). At a minimum, execution of the routine
132 causes the processor 130 to operate the wireless transceiver 110 to receive
audio from the wireless device, perhaps along with non-audio data. In various
embodiments, the processor 130 may be further caused by the routine 132 to
operate the wireless transceiver 110 to convey commands to the wireless device.
Where the wireless point-to-point link between the audio interposer device 100 and
the wireless device at least partly conforms to the Bluetooth specification or a similar
specification for point-to-point wireless communication, the processor 130 may be
caused by the routine 132 to operate the wireless transceiver 110 to carry out a link
establishment procedure to establish the point-to-point link. The processor 130 may
be further caused, either during the link establishment procedure or during a
subsequent link initialization procedure, to operate the wireless transceiver to
exchange information concerning functional capabilities between the audio
interposer device 100 and the wireless device to induce the wireless device to
enable the use of various protocols and/or data formats to be used in
communications between the two devices. As has already been discussed, during

such an exchange of information concerning functional capabilities, the audio
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interposer device 100 presents false indications of its capabilities that represent a
superset of the capabilities provided by various possible wired devices that may be
connected to the connector 150 (as well as including any capabilities that the audio
interposer device 100, itself, may provide) to ensure that the wireless device is
induced into enabling the use of wide range of protocols and/or data formats.

[0038] The user interface 120 incorporates one or both of the previously-
discussed control 122 and indicator 123. The control 122 may be any type of
control, including but not limited to, a button, a lever switch, a rotatable knob, a
touch-screen sensor, a pressure sensor, an accelerometer, a proximity sensor or an
orientation sensor. The indicator 123 may be any of a number of possible devices
conveying information to a user of the audio sharing device 100, including but not
limited to, a graphical display capable of depicting various symbols and/or language
characters, one or more LEDs, a buzzer, or a vibration-generating device.
Alternatively, information may be provided to a user of the audio sharing device 100
through the output of audio conveying that information which is mixed with the audio
received by the wireless transceiver 110, with the mixed audio being output to the
user. Where the control 122 is provided, the control 122 may be employed by a
user of the audio interposer device 100 for one or more of initiating the performance
of some form of link establishment procedure, controlling one or more aspects of the
provision of audio to a user (e.g., the volume employed in outputting audio to the
user), and remotely controlling either the wireless device with which the point-to-
point link is formed or whatever wired device is connected to the connector 150.
Where the indicator 123 is provided, the indicator 123 may be employed to display
information received by the wireless transceiver 110 from the wireless device,
information received through the connector 150 from a wired device connected
thereto, and/or information generated by the audio interposer device 100, itself.

[0039] The D-to-A converter 140 and the amplifier 145 may each be of any of a
wide variety of designs and forms. The D-to-A converter 140 may be accessible by
the processor 130, not only to enable the processor 130 to supply the D-to-A
converter 140 with audio data, but also to enable the processor 130 to operate the
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D-to-A converter to support differing timings, bit formats, etc., of the audio data
received from the wireless device through the wireless transceiver 110. The
amplifier 145 may be accessible by the processor 130 to enable the processor to
control aspects of the amplification of the analog form of audio provided by the D-to-
A converter 140, including the gain used in amplification, perhaps as a form of
volume control.

[0040] Although the connector 150 has been discussed as if it were a single
connector, it should be noted that the connector 150 may be a implemented as a
combination of multiple connectors ganged together in close proximity as is typical in
numerous known forms of the connector 950 incorporated into numerous known
forms of the personal electronic device 900 of Figure 1. On such forms of the
personal electronic device 900, it is commonplace to have at least one multi-pin
connector alongside and in close proximity with either a distinct power connector or
a distinct headphone/headset connector. It is often the intent in the design of such
ganged together connectors on such a personal electronic device that more than
one of those connectors may be simultaneously engaged in a connection between
that personal electronic device and a wired device to which it is connected. In effect,
the multiple connectors are made to be able to be simultaneously connected to as if
they were a single complex connector. This is most likely to occur when such a
personal electronic device is connected to a wired device that is characterized as
having a docking port form of connector to be mated with. An example of this is
encountered with various forms of the iPod® digital audio playing device produced
by Apple Corporation of Cupertino, California, where a multiple-pin connector
employing long-life wiping-type contacts is positioned alongside a 3.5mm diameter
female stereo headphone connector. The headphone connector allows a simple
pair of earphones to be connected to the iPod device, but both of the connectors are
engaged when the iPod device is connected to one of the numerous known forms of
audio docking devices in a manner in which both connectors are simultaneously
engaged such that they essentially behave as a single complex connector.
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[0041] Also, although the discussion of the connector 150 has tended to center
on implementations of the connector 150 having multiple electrically-conductive
contacts for conveying at least power and audio (if not also commands and/or other
data), those skilled in the art will readily recognize that the connector 150 may
incorporate non-electrically-conductive approaches to conveying power, audio,
commands and/or other data. By way of example, electromagnetic induction may be
employed to convey power, where the connector 150 simply provides a physical
guide by which the audio interposer device 100 and another device are simply
brought together to put coils within each device in close enough proximity to enable
induction to occur. By way of another example, the connector 150 may incorporate
one or more fiber optic components to enable audio, commands and/or other data to
be conveyed between the audio interposer device 100 and another device using
light, instead of electricity.

[0042] Aithough the discussion of the conveying of audio through the connector
150 has tended to center on conveying audio that has been converted from digital to
analog form with the D-to-A converter 140 and then amplified with the amplifier 145,
such audio as is received by the wireless transceiver from 110 from the wireless
device with which the audio interposer device 100 is in wireless communication may
be conveyed through the connector 150 in digital form either in addition to or as an
alternative to being conveyed in analog form. An example implementation of this
may be where the connector 150 and the corresponding connector of a wired device
at least partially conforms to the USB specification. In some embodiments of the
audio interposer device 100, both analog and digital forms of audio may be
conveyed, and in other embodiments, power savings may be achieved by conveying
only one of these two forms of audio at any given time. Where audio in digital form
is conveyed through the connector 150, timing and/or data format characteristics of
the audio may need to be modified by the audio interposer device 100 where a
mismatch exists between such characteristics of the audio received by wireless
transceiver 110 and the characteristics that must be met for any audio in digital form
that is conveyed to a wired device connected to the connector 150.

.21 -



WO 2009/058612 PCT/US2008/080595

[0043] Given that the connector 150 is intended to mimic the functionality of the
connector 950 of the personal electronic device 900, among the functions mimicked
is that of recharging when the connector 150 is connected to a wired device capable
of providing power for recharging the power storage 190. Typically, this would be a
wired device not unlike the audio docking device 800 of Figure 1. However, among
the wired devices that may be connected to the connector 150 are simpler power
supplies that in no way incorporate any form of audio or remote control capability
(e.g., a typical "wall transformer").

[0044] As previously discussed, depending on the nature of the point-to-point link
between the audio interposer device 100 and a wireless device transmitting audio
(such as the personal electronic device 900 of Figure 1), a link establishment
procedure may be required to form the point-to-point link. In some embodiments, a
user of both the audio interposer device 100 and the wireless device would operate
both devices to initiate a link establishment procedure between them. For the audio
interposer device 100, this may entail the processor 130 being caused by the routine
132 to monitor the control 122 for an instance of the control 122 being operated by
the user to initiate the link establishment procedure, and then operating the
transceiver 110 to carry out the link establishment procedure.

[0045] As also previously discussed, depending on the nature of the technology
used in communications through the connector 150 with a wired device, a procedure
may be required to be performed to prepare the wired connection through the
connector 150 for use. Many known implementations of wired connections requiring
such procedures to be performed do not require actions to be taken by a user
beyond simply connecting one device to another, and therefore, the processor 130
may be caused to automatically perform such a procedure upon detecting the
attachment of a wired device to the connector 150.

[0046] Following at least one of the establishment of the wireless point-to-point
link and/or the connecting of a wired device to the connector 150, the processor 130
may be further caused by the routine 132 to obtain or deduce information

concerning the functionality and/or identity of the wireless and wired devices. Such
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information may have already been provided by both devices as a result of the
carrying out of the link establishment procedure (or possibly during a subsequent
link initialization procedure) and/or the procedure to prepare the connector 150.
Where a wireless or wired device provides an indication of its identity, but little or no
indications of is functionality, the processor 130 may use such an indication of
identity to retrieve data stored in the wireless device data 136 and/or the wired
device data 137 stored within the storage 135 concerning functionality. However,
where neither identity nor functionality information has been so provided, or where
the provided information is incomplete, the processor 130 may be caused by the
routine 132 to perform one or more tests on either the wireless or wired devices in
an effort to deduce functionality and/or identity. By way of example, the processor
130 may be caused to test for the presence of a load or voltage level on different
contacts of the connector 150 that are employed for different functions as a way of
deducing what functions are supported by a given wired device. Alternatively, where
the connector 150 incorporates multiple ganged together connectors, and one of the
ganged together connectors incorporates a switch that changes state depending on
whether or not that connector has been engaged, the processor 130 may be caused
to monitor the state of that switch and infer from its change in state that the wired
device must have the functionality meant to be supported by the signals normally
conveyed through that connector. By way of yet another example, the processor
130 may perform various tests on either of the wired or wireless devices in which the
processor 130 is caused to send various signals and observe responses, and then
compare those responses to data concerning expected responses in either the
wireless device data 136 or the wired device data 137.

[0047] Following at least the establishment of the wireless point-to-point link
and/or the connecting of a wired device to the connector 150, the processor 130
may be further caused by the routine 132 to provide information concerning
functionality to one or both of the wired and wireless devices. Whether such
provision of information is necessary and the nature of that information depends on
the technologies employed in the wireless point-to-point link and in the

communications through the connector 150. It is likely that during the course of
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forming and/or initializing the wireless link, such information will have to be provided
to the wireless device, especially if the wireless link is based on a wireless
networking standard such as the Bluetooth specification. It is also possible that
similar information will have to be provided to the wired device if it employs digital
serial communications of a type conforming to the USB specification or other similar
specification. As previously discussed, it is likely that the functionality information
provided to the wireless device will be false information representing a superset of
possible functions that may be performed by differing wired devices, while the
functionality information provided to the wired device will more likely accurately
reflect a combination of the actual capabilities of the wireless device and audio
interposer device 100. As previously discussed, this is likely to be done simply due
to the often more cumbersome and user-intensive nature of what is entailed in
forming and/or initializing a wireless point-to-point link. In essence, false
capabilities are presented to the wireless device in an effort to reflect what wired
devices might be connected to the connector 150, rather than what wired device is
actually connected to the connector 150.

[0048] By way of example, the processor 130 may be caused to operate the
wireless transceiver to send indications of the audio interposer device 100 being
capable of accepting audio having multiple channels (e.g., stereo or surround sound)
even though a wired device connected to the connector 150 at that time is capable
of accepting only monaural audio or even though there may be no wired device
connected to the connector 150, at all. This would be done so as to avoid the user
having to repeat either a link establishment or link initialization procedure at a later
time if the user connects a wired device to the connector 150 that is capable of
accepting stereo and/or surround sound audio. By way of another example, the
processor 130 may be caused to operate the wireless transceiver to send indications
of the audio interposer device 100 having remote control functionality such that the
audio interposer device 100 is claimed to have the ability to transmit commands to
remotely control the wireless device through the point-to-point link even though
neither the particular embodiment of the audio interposer device 100 nor the wired

device connected to the connector 150 at that time is capable of transmitting any
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such commands. This may be done so as to avoid the user having to repeat either
a link establishment procedure or link initialization procedure at a later time if the
user connects a wired device to the connector 150 that is capable of transmitting
such commands.

[0049] In some embodiments, the processor 130 may be caused by the routine
132 to operate the user interface 120 to enable a user to specify what capabilities
the audio interposer device 100 is to be indicated as having and/or to present the
user with confirmation of whether or not the point-to-point link is established and/or
initialized. In other embodiments, the processor 130 may be caused to engage the
user in a procedure by which the user connects each of the wired devices that the
user intends to use with the audio interposer device 100 so that the processor 130
may either receive information from each of those wired devices or perform tests on
each of those wired devices to assemble a list of functions that is a superset of all of
the functions performed by all of those wired devices for later presentation to a
wireless device. In still other embodiments, the processor 130 may simply learn
over time what wired devices the user chooses to connect to the connector 150 and
assemble a list representing a superset of the capabilities of those wired devices.

[0050] With the point-to-point link established and initialized, the wireless
transmitting of audio by the wireless device to the audio interposer device 100 is
enabled. The processor 130, in executing the routine 132, is caused by the routine
132 to operate the wireless transceiver 110 to receive audio. Then, the processor
130 is further caused to transfer the received audio to the D-to-A converter 140
where the audio is to be conveyed through the connector 150 in analog form, and/or
the processor 130 is further caused to convey the audio through the connector 150
in digital form. The processor 130 may be further caused to buffer the received
audio as the audio data 139 stored within the storage 135 for various reasons. It
may simply be deemed desirable to buffer the received audio as part of handling
possible instances of interruptions in the point-to-point link so as to avoid a break in
the output to the user through the wired device. It may be necessary to buffer the
received audio to allow the processor 130 to perform various forms of signal
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processing on the received audio. Such signal processing may be to alter a
sampling rate to make the received audio compatible with either the D-to-A
converter 140 or with a wired device that requires being supplied with audio of a
specific sampling rate. Such signal processing may also be part of implementing a
volume control function in the digital domain. Such signal processing may further be
part of converting received audio from having one quantity of audio channels of a
given configuration to having a different quantity of audio channels of a different
configuration (e.g., converting surround sound audio having 6 channels into stereo
audio having only 2 channels). Further, it may be necessary to buffer the received
audio to enable the processor 130 to either compress or decompress it under the
control of the routine 132 before the audio is conveyed to a given wired device.
Some of these various forms of signal processing may be conditioned on
characteristics of whatever wired device is connected to the connector 150 at any
given time, since a difference in capabilities between different wired devices may
dictate different signal processing, compression/decompression, and/or data format
conversions be performed by the processor 130. Information received directly from
a wired device concerning its functionality, information concerning the identity of a
wired device used to retrieve other information from the wired device data 137,
and/or information deduced about the functionality of a wired device as a result of
performing various tests may be employed in determining which signal processing,
compression/decompression, and/or data format conversions are required to support
the conveying of audio to a given wired device connected to the connector 150 at
any given time.

[0051] Where a wireless device supports it, the establishment and initialization of
the point-to-point link enables the transfer of commands across the point-to-point
jink. Commands to remotely control the wireless device may emanate from either
the audio interposer device 100 or a wired device connected to the connector 150.
Similarly, commands emanating from the wireless device may control one or both of
the audio interposer device 100 and a wired device connected to the connector 150,
depending on the nature of the command. Other forms of data, possibly including

data for display on an indicator of one or more of these devices, may similarly
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emanate from differing ones of these devices and be directed at others of these
devices. By way of example, where the audio interposer device 100 incorporates
the control 122, the processor 130 may be caused by the routine 137 to monitor the
control 122 for instances of a user operating the control 122 to remotely control an
aspect of the operation of the wireless device, such as remote control commands to
play, fast-forward or pause an audio recording that the wireless device is playing. In
response to the user so operating the control 122, the processor 130 may be further
caused to operate the wireless transceiver 110 to transmit a corresponding
command to the wireless device. Similarly, the processor 130 may take similar
action in response to the user operating the control 122 to remotely control and
aspect of a wired device, conveying a corresponding command through the
connector 150 to the wired device. By way of another example, where the audio
interposer device 100 incorporates the indicator 123, the processor 130 may be
caused by the routine 137 to respond to the receipt of a piece of data from the
wireless device by operating the indicator 123 to provide an indication corresponding
to that data, such as textual information concerning the origins of a piece of audio
transmitted by the wireless device where the indicator 123 is capable of displaying
textual information. Similarly, the processor 130 may take similar action in response
to receiving a piece of data from a wired device connected to the connector 150. By
way of still another example, where commands and/or data are received by the
audio interposer device 100 from one of the wireless and wired devices, and either a
function is involved that the audio interposer device 100 is incapable of performing
or there is an explicit indication that the commands and/or data are directed to the
other one of the wireless and wired devices, then the processor 130 is caused by the
routine 132 to convey the commands and/or data between the wireless and wired

devices.

[0052] In conveying such commands and/or data between the wired and wireless
devices, the processor 130 may be caused by the routine 132 to retrieve information
from the conversion data 138 concerning corresponding commands and/or ways of
representing data to resolve differences between the wired and wireless devices in

such commands and/or data. By way of example, where a user wishes to operate a
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wired device as a remote control to cause the wireless device commence playing an
audio recording, the manner in which a "play" command is expressed by the wired
device and conveyed through the connector 150 may not be compatible with the
manner in which the wireless device must be provided with a "play" command
transmitted to it across the wireless link. The wireless device may require that a
"play" command be preceded with a “stop" command or "reset" command to put the
audio playback functions of the wireless device into a known state where the "play”
command will be accepted and acted upon. Information indicating the need to
precede a "play" command with another command may be stored as part of the
conversion data 138 that the processor 130 uses to resolve such differences. By
way of another example, there may be differences in how a given letter of an
alphabet is encoded in textual transmitted by the wireless device for display on an
indicator of either the wired device or of the audio interposer device 100, itself. The
letter "A" may be specified with an 8-bit code by the wireless device, but may be
specified by a dissimilar 6-bit code by the wired device, and the conversion data 138
may provide a table of character conversions to resolve the differences. Which
conversions are used may be determined by the processor 130 in response to
information concerning functionality and/or identity either received from the wired
and wireless devices or deduced in tests conducted on the wired and wireless
devices.

[0053] As a user employs the audio interposer device 100 in conjunction with a
wireless device, the user may choose to switch between wired devices even during
the performance of some function, such as the playing of audio from a recording
stored on the wireless device. Aside from the processor 130 being caused to detect
the change in wired devices and to carry on various ones of the aforedescribed
procedures to determine the capabilities of the newly connected wired device, the
processor 130 may be caused by the routine 132 to issue a series of commands to
the newly attached wired device to put it in a functional state similar enough to the
functional state in which the previously connected wired device was operating to
allow the function that was being carried out when the switching of wired devices

occurred to continue without interruption. For example, where audio was being
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conveyed from the wireless device to a first wired device for playing at the time the
user switched to a second wired device, the processor 130 may be caused to
convey various commands to the second wired device to put it in whatever functional
state may be required to cause the second wired device to continue the playing of
the audio.

[0054] Figure 3 depicts a possible operation of another audio interposer device
200 as interposed between another personal electronic device 900 and a pair of
earphones 700, or interposed between the other personal electronic device 900 and
a audio docking device 800. The substantial differences between what is depicted
in Figures 1 and 3 is that the personal electronic device 900 of Figure 3 is capable of
engaging in two-way exchanges of audio either wirelessly or through the connector
950, and the audio interposer device 200 is also capable of engaging in two-way
exchanges of audio either wirelessly or through a connector 250.

[0055] Not unlike the audio interposer device 100 of Figure 1, when interposed
between the personal electronic device 900 and one or the other of the pair of
earphones 700 or the audio docking device 800, the audio interposer device 200 of
Figure 3 interacts with the personal audio device 900 as a wireless device in a point-
to-point wireless link using the protocols associated with that link, while also
interacting as a wired device with whichever one of the earphones 700 or the audio
docking device 800 is connected to the connector 250 using protocols associated
with that wired connection. While so interposed, the audio interposer device 200
engages in two-exchanges of audio, commands and other forms of data between
the wireless and wired forms of communications in which the audio interposer device
200 is engaged. To enable this conveyance of audio and commands, the audio
interposer device 200 may engage in initialization procedures for each of the
wireless and wired forms of communication where the audio interposer device 200
exchanges indications of functionality and/or identity with each of the wireless and
wired devices with which the audio interposer device 200 is in communication in a
manner not unlike what was described, at length, with regard to the audio interposer
device 100.
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[0056] With such initialization procedures completed, the audio interposer device
200 may use the indications of functionality and/or identity received from each of the
wired and wireless devices with which the audio interposer device 200 is in
communication to engage in a conversion between the protocols of the wireless and
wired forms of communications in which the audio interposer device 200 is engaged,
in 2 manner not unlike that of the audio interposer device 100. In essence, the
audio interposer device 100 operates its connector 250 to mimic the operation of the
connector 950 of the personal electronic device 900 to present a wired connection
capability to wired devices meant to be substantially indistinguishable to those wired
device from the wired connection capability of the personal electronic device 900.
Not unlike the audio interposer device 100, providing such a wireless connection to
wired devices provides a number of benefits, including a form of telepresence
between devices and greater flexibility in other ways in using wired devices with the
personal electronic device 900. As was the case in Figure 1, the personal electronic
device 900 of Figure 3 may be of any of a variety of types of personal electronic
device, and both the pair of earphones 700 and the audio docking device 800 are
shown in Figure 3 chiefly to illustrate some of the wide range in differences in the
types of wired devices that a user of the personal electronic device 900 may use.

[0057] As was the case for the audio interposer device 100, for the audio
interposer device 200 to engage in two-way exchanges of audio, commands and/or
other data between itself and a wireless device (such as the personal electronic
device 900), a wireless point-to-point link must first be formed between them.
Similarly, for the audio interposer device 200 to engage in exchanging audio,
commands and/or other data between itself and a wired device (such as either the
pair of earphones 700 or the audio docking device 800), the wired device must first
be connected to the connector 250. As was also the case with the audio interposer
device 100, the audio interposer device 200 attempts to gather information
concerning the wireless and wired device with which it is in communication, and
where such information is not provided or is insufficient, the audio interposer device
200 may perform various tests to deduce such information.
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[0058] Not unlike the audio interposer device 100, the audio interposer device
200 may be required to provide information concerning functionality to one or both of
the wired and wireless devices. As previously discussed, due to the more
cumbersome nature of the procedures required to form a wireless point-to-point link
and prepare it for use in communications in comparison to the often simpler
requirements for wired connections, the audio interposer device 200 may present
false functionality information to the wireless device to induce the wireless device
enable support for a wide range of protocols and data formats to support a flexible
range of differing wired devices being connected to the connector 250.

[0059] More specifically, where the point-to-point link between the audio
interposer device 200 and the wireless device at least partially conforms to the
Bluetooth specification , the audio interposer device 200 may falsely indicate having
support for one or more of the Bluetooth "profiles" mentioned earlier with regard to
the audio interposer device 100. Alternatively and/or additionally, the two-way audio
exchange capabilities of the audio interposer device 200 allows false indications for
a greater number of Bluetooth profiles, and so some of the other Bluetooth profiles
that the audio interposer device 200 may falsely indicate having support for may be
the headset profile (HSP), the hands-free profile (HFP), the intercom profile (ICP)
and the cordless telephony profile (CTP).

[0060] The exact set of false indications that the audio interposer device 100
presents to a wireless device across a point-to-point link may be permitted to be
chosen by a user of the audio interposer device 200, may be a preselected set of
functions deemed to be of use under most circumstances, or may be learned by the
audio interposer device 200 through the audio interposer device 200 identifying
various wired devices that the user attaches to the audio interposer device 200 and
their functions. Regardless of how the set of false indications of functionality to be
presented to the wireless device are chosen, the intention is to present a set of false
indications that induce the wireless device to always enable support for a variety of
protocols and/or data formats for wireless communications.
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[0061] Not unlike the audio interposer device 100, the audio interposer device
200 may perform a number of conversions between protocols and/or data formats in
conveying audio, commands and/or other data between the wireless link and the
wired connection of the connector 250 to resolve differences therebetween. The
audio interposer device may also have to generate false responses and/or false data
to be provided to one or both of the wired and wireless devices as part of these
conversions, especially where converting from one protocol to another or where the
audio interposer device 200 must simulate the presence of a capability that may not
truly be available at a given time. The audio interposer device 200 may make use of
information concerning functionality and/or identity received from the wired and
wireless devices to determine what conversions, false responses and/or simulations
of missing capabilities are required. Such information may also be used by to alter
the manner in which a user interface of the audio interposer device 200 functions.

[0062] The audio interposer device 200 may also make use of information
concerning functionality and/or identity received from wired and wireless device to
determine the extent to which the audio interposer device 200 may provide
capabilities missing from a wired device connected to the connector 250. Referring
to what is depicted in Figure 3 as an example, where the audio interposer device
200 is connected to the pair of earphones 700 which do not provide a microphone,
and where the audio interposer device 200 does incorporate a microphone 275 of its
own, then upon determining that the pair of earphones 700 do not provide a
microphone, the audio interposer device 200 may employ the microphone 275 to
provide the otherwise missing microphone needed to support a two-way exchange of
audio with the personal electronic device 900. In essence, the audio interposer
device 200 could thereby effectively turn the pair of earphones 700 into part of a
headset for two-way audio communications. However, if the audio interposer device
200 did not incorporate the microphone 275, in some embodiments, the audio
interposer device 200 may send silent audio to the personal electronic device 900,
effectively simulating there being a microphone that has been muted. Referring
again to what is depicted in Figure 3 for another example, where the audio

interposer device 200 is connected to the audio docking device 800 which does
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incorporate a microphone 875, and where the audio interposer device 200 does
incorporate a microphone 275 of its own, then upon determining that the audio
docking device 800 does provide a microphone, the audio interposer device 200
refrains from employing the microphone 275, since the audio docking device 800 is
able to support a two-way exchange of audio with the personal electronic device
unaided. However, if the audio docking device 800 did not incorporate the
microphone 875, then like the earlier example with the pair of earphones 700, the
audio interposer device 200 may employ the microphone 275 to provide the missing
function, effectively turning the audio docking device 800 into a speakerphone.

[0063] Figure 4 is a block diagram of one possible internal architecture of the
audio interposer device 200 of Figure 3. The audio interposer device 200
incorporates a wireless transceiver 210, a user interface 220, a processor 230, a
storage 235, a digital-to-analog (D-to-A) converter 240, an amplifier 245, the
previously-discussed connector 250, an analog-to-digital (A-to-D) converter 260 and
a power storage 290 storing and providing electrical power to the rest of these. The
interposer device 200 may further incorporate a microphone 275 and/or an acoustic
driver (not shown). As those skilled in the art of processor-based systems will
readily recognize, a wide variety of bus architectures linking various ones of these
may be employed, however, regardless of the exact architecture employed, the
processor 230 is provided access to at least the wireless transceiver 210, the user
interface 220, the storage 235, the D-to-A converter 240 and the A-to-D converter
260. As will be explained in greater detail, the processor 230 accesses the storage
235 to retrieve a sequence of instructions making up a routine 232, and in executing
the routine 232, the processor 230 is caused to perform various functions during the
operation of the audio interposer device 200.

[0064] As was the case with the audio interposer device 100, the processor 230
of the audio interposer device 200 may be any of a variety of types of processing
device, and the storage 235 may be based on any of a wide variety of information
storage technologies. The storage 235 stores at least the routine 232, and
depending on what communications initialization, protocol and/or data conversions,
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audio processing and/or audio buffering functions are caused by the routine 232 to
be performed by the processor 230, the storage 235 may also store one or more of
a wireless device data 236, a wired device data 237, a conversion data 238 and an
audio data 239. At a minimum, execution of the routine 232 causes the processor
230 to operate the wireless transceiver 210 to exchange two-way audio with the
wireless device, perhaps along with non-audio data, and the processor 230 may be
further caused to operate the wireless transceiver 210 to exchange commands with
the wireless device. Where the wireless point-to-point link between the audio
interposer device 200 and the wireless device at least partly conforms to the
Bluetooth specification or a similar specification for point-to-point wireless
communication, the processor 230 may be caused by the routine 232 to operate the
wireless transceiver 210 to carry out a link establishment procedure to establish the
point-to-point link, and/or to exchange information concerning functional capabilities
between the audio interposer device 200 and the wireless device to induce the
wireless device to enable the use of various protocols and/or data formats to be
used in communications between the two devices.

[0065] Not unlike the user interface 120 of the audio interposer device 100, the
user interface 220 incorporates one or both of the previously-discussed control 222
and indicator 223. The control 222 may be any type of manually-operable control,
and the indicator 223 may be any of a number of possible devices conveying
information to a user of the audio sharing device 200. Alternatively, information may
be provided to a user of the audio sharing device 200 through the output of audio
conveying that information which is mixed with other audio being output to the user.
The D-to-A converter 240, the amplifier 245 and the A-to-D converter 260 may each
be of any of a wide variety of designs and forms. The D-to-A converter 240 and the
A-to-D converter 260 may be accessible by the processor 230, not only to enable
the processor 230 to supply the D-to-A converter 240 with audio data and receive
audio data from the A-to-D converter 260, but also to enable the processor 230 to
operate the D-to-A converter 240 and the A-to-D converter 260 to support differing
timings, bit formats, etc., of audio data.
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[0066] As was the case with the connector 150 of the audio interposer device
100, the connector 250 may be a implemented as a combination of multiple
connectors ganged together in close proximity as is typical in numerous known
forms of the connector 950 incorporated into numerous known forms of the personal
electronic device 900. Also, the connector 250 may incorporate non-electrically-
conductive approaches to conveying power, audio, commands and/or other data,
including electromagnetic induction and/or fiber optics. Further, audio may be
exchanged through the connector 250 in analog and/or digital forms. Also, among
the functions of the connector 950 that the connector 250 may mimic is that of
conveying power when the connector 250 is connected to a wired device capable of
providing power for recharging the power storage 290.

[0067] Not unlike with the audio interposer device 100, with the audio interposer
device 200, a link establishment procedure may be required to form the point-to-
point link with the wireless device, requiring the to operate both devices to initiate a
link establishment procedure between them in some embodiments. For the audio
interposer device 200, this may entail the processor 230 being caused by the routine
232 to monitor the control 222 for an instance of the control 222 being operated by
the user to initiate the link establishment procedure, and then operating the
transceiver 210 to carry out the link establishment procedure. Also, a procedure
may be required to be performed to prepare the wired connection through the
connector 250 for use, and may entail the processor 230 being caused to
automatically perform such a procedure upon detecting the attachment of a wired
device to the connector 250.

[0068] As was the case with the interposer device 100, following the
establishment of the wireless point-to-point link and/or the connecting of a wired
device to the connector 250 of the audio interposer device 200, the processor 230
may be further caused by the routine 232 to obtain or deduce information
concerning the functionality and/or identity of the wireless and wired devices. Where
a wireless or wired device provides an indication of its identity, but little or no
indications of is functionality, the processor 230 may use such an indication of
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identity to retrieve data stored in the wireless device data 236 and/or the wired
device data 237 stored within the storage 235 concerning functionality. However,
where neither identity nor functionality information has been so provided, or where
the provided information is incomplete, the processor 230 may be caused by the
routine 232 to perform one or more tests on either the wireless or wired devices in
an effort to deduce functionality and/or identity.

[0069] As was also the case with the interposer device 100, following at least the
establishment of the wireless point-to-point link and/or the connecting of a wired
device to the connector 250, the processor 230 may be further caused by the routine
232 to provide information concerning functionality to one or both of the wired and
wireless devices. It is likely that the functionality information provided to the wireless
device will be false information representing a superset of possible functions that
may be performed by differing wired devices, while the functionality information
provided to the wired device will more likely accurately reflect a combination of the
actual capabilities of the wireless device and audio interposer device 200. In some
embodiments, the processor 230 may be caused by the routine 232 to provide a
capability for a user to specify what false indications of capabilities the audio
interposer device 200 will present to the wireless device In other embodiments, the
routine 232 causes the processor 230 to observe what wired devices are used with
the audio interposer device 200 and to assemble a list of capabilities representing a
superset of the capabilities of those wired devices to be falsely presented to the
wireless device as being the capabilities of the audio interposer device 200. In this
way, a user is able to switch between different wired devices without having to incur
cumbersome procedures to enable their use. By way of example, the processor 230
may be caused to operate the wireless transceiver to send indications of the audio
interposer device 200 having a microphone by which audio could be detected and
conveyed back to the wireless device even though the audio interposer device 200
may not incorporate the microphone 275 and the wired device connected to the
connector 250 at that time also does not provide a microphone. This would be done
so as to avoid the user having to repeat either a link establishment or link
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initialization procedure at a later time if the user connects a wired device to the
connector 250 that does provide a microphone.

[0070]  With the point-to-point link established and initialized, the wireless
exchange of audio between the wireless device to the audio interposer device 200 is
enabled. The processor 230, in executing the routine 232, is caused by the routine
232 to operate the wireless transceiver 210 to send and receive audio. The
processor 230 is also caused to transfer the received audio to the D-to-A converter
240 where the audio is to be conveyed through the connector 250 in analog form,
and/or the processor 230 is also caused to convey the received audio through the
connector 250 in digital form. The processor 230 is further caused to operate the A-
to-D converter to retrieve audio that has been converted to digital form or the
processor 230 is further caused to accept audio in digital form from the wired device.
The processor 230 is then still further caused to transfer the audio received from the
A-to-D converter or directly in digital form from the connector 250 to the transceiver
210 to send to the wireless device. Amidst these transfers of audio, the processor
230 may be further caused to buffer the some or all of the audio as the audio data
239 stored within the storage 235 for various reasons as has been previously
discussed with regard to the audio interposer device 100, including preventing
instances of breakage in the audio, performing signal processing to change between
differing quantities of audio channels and/or different timings, and/or to
compress/decompress audio or otherwise change audio formats. Some of these
various forms of signal processing may be conditioned on characteristics of
whatever wired or wireless devices are in communication with the audio interposer
device 200 at any given time, since a difference in capabilities between different
wired devices may dictate different signal processing, compression/decompression,
and/or data format conversions be performed by the processor 230. Information
concerning capabilities of either the wired or wireless devices may be employed in
determining which signal processing, forms of compression/decompression, and/or
data format conversions are required to support the exchange of audio between a

given wired device and a given wireless device.
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[0071] Where a wireless device supports it, the establishment and initialization of
the point-to-point link enables the exchange of commands across the point-to-point
link. Commands to remotely control the wireless device may emanate from either
the audio interposer device 200 or a wired device connected to the connector 250.
Similarly, commands emanating from the wireless device may control one or both of
the audio interposer device 200 and a wired device connected to the connector 250.
Other forms of data may similarly emanate from differing ones of these devices and
be directed at others of these devices. In exchanging commands and/or data
between the wired and wireless devices, the processor 230 may be caused by the
routine 232 to retrieve information from the conversion data 238 concerning
corresponding commands and/or ways of representing data to resolve differences
between the wired and wireless devices in such commands and/or data. Which
conversions are used may be determined by the processor 230 in response to
information concerning functionality and/or identity either received from the wired
and wireless devices or deduced in tests conducted on the wired and wireless

devices.

[0072] As a user employs the audio interposer device 200 in conjunction with a
wireless device, the user may choose to switch between wired devices even during
the performance of some function, such as a two-way exchange of audio as a result
of being involved in a telephone conversation through the wireless device. Aside
from the processor 230 being caused to detect the change in wired devices and to
carry on various ones of the aforedescribed procedures to determine the capabilities
of the newly connected wired device, the processor 230 may be caused by the
routine 232 to issue a series of commands to the newly attached wired device to put
it in a functional state similar enough to the functional state in which the previously
connected wired device was operating to allow the function that was being carried
out when the switching of wired devices occurred to be continued by the newly
connected wired device without interruption.

[0073] Figure 5 depicts a possible operation of either a variant of the audio
interposer devices 100 and 200 described earlier as interposed between a personal
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electronic device 600 and a pair of earphones 700, or interposed between the
personal electronic device 600 and an audio docking device 800. What is depicted
in Figure 5 is largely similar to what is depicted in Figure 1 where the audio
interposer device 100 is used, and is substantially similar to what is depicted in
Figure 3 where the audio interposer device 200 is used. The substantial difference
between what is depicted in Figures 1 and 3 and what is depicted in Figure 5 is that
the personal electronic device 600, unlike either of the variants of personal electronic
device 900, does not have a connector to enable the connection of wired devices to
the personal electronic device 600. Therefore, instead of the audio interposer
devices 100 or 200 mimicking the functionality of such a connector incorporated into
the personal electronic device 600, which does not have such a connector, the audio
interposer devices 100 or 200 mimic the functionality of the connector 950 of a
personal electronic device 900, which is shown in broken lines since it is not
participating in communications involving the audio interposer devices 100 or 200.

[0074] As a result, the audio interposer devices 100 and 200 cannot rely on
identifying either the functionality of the personal electronic device 600 or the
personal electronic device 600, itself, to determine any characteristics of the manner
in which the connectors 150 and 250, respectively, should be operated. To resolve
this, the processors 130 and 230 of these variants of the audio interposer devices
100 and 200, respectively, are caused by the routines 132 and 232 to resort to a
default set of characteristics for the manner in which the connectors 150 and 250
should be operated in some embodiments. Alternatively, in other embodiments, the
processors 130 and 230 are caused to operate the user interfaces 120 and 220,
respectively, to allow a user to specify a known wireless device having such a
connector that the user wishes the audio interposer devices 100 and 200 to mimic.

[0075] Referring back to the earlier variants of the audio interposer devices 100
and 200 that do rely on identifying either the functionality or the identity of a given
personal electronic device 900 to determine characteristics of the functionality of
their respective connectors 150 and 250, it may still be desirable for the routines 132
and 232 to cause the processors 130 and 230 to provide the user with the option of
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overriding such identification efforts in favor of the user specifying a known wireless
device having a such a connector that the user wishes the audio interposer devices
100 and 200 to mimic. As those skilled in the art will readily recognize, it is not
unheard of for different models of personal electronic device having identical
connectors for the attachment of wired devices to operate their respective
connectors with some differences between them in terms of signal timings, signal
strengths, recognition of protocol steps, etc. These differences may arise through
changes in components from one model to another, changes in programming from
one model to another, design mistakes made in only some models, etc. Such
differences may cause a given wired device to interact more effectively with one
model versus another, despite both models having what is purported to be identical
connectors to which the wired device may be attached. By way of example, one
model may employ an audio amplifier providing analog audio to the connector with a
first set of characteristics, while another model may employ a somewhat different
audio amplifier providing analog audio to what should be the same connector, but
with an unavoidably different second set of characteristics. 1t may then later be
discovered that a given wired audio device that accepts the amplified analog audio
through this connector is able to function more optimally with the analog audio from
one model than from the other model. With such a difference in mind, the audio
interposer devices 100 or 200 may allow the user to select which of these models to
emulate in terms of the characteristics with which analog audio is modified in order
to better suit a given wired device that the user wishes to use with that audio

interposer device.

[0076] Figures 6 and 7 depict possible operations of still other variants of the
audio interposer devices 100 and 200 described earlier as interposed between a
personal electronic device 900 and a pair of earphones 700, or interposed between
the personal electronic device 900 and an audio docking device 800. The
substantial difference between the depicted variants of the audio interposer devices
100 and 200 in Figures 6 and 7 from earlier depicted variants of the audio interposer
devices 100 and 200, respectively, is that while the earlier variants were of simpler

box shapes that may have been worn as pendants around the neck or clipped to
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clothing, the variants depicted in Figures 6 and 7 are meant to be strapped to a wrist
or arm or worn on a user's head. However, as those skilled in the art will readily
recognize, various variants of the audio interposer devices 100 and 200 may be
shaped and sized in a wide variety of ways, and the specific depictions of physical
forms herein should not be construed as limiting.

[0077] Figure 8 depicts yet another variant of the audio interposer devices 100 or
200. This variant is similar to its earlier-described counterparts in operating
interposed between wired and wireless devices to carry out communications with
both and exchange audio, commands and/or data therebetween. However, this
variant of the audio interposer devices 100 or 200 incorporate a cradle 155 or 255,
respectively, within which may be carried a pair of wireless earphones 755.

[0078] Where these variants of the audio interposer devices 100 or 200 are not
being used with a wired device to output sound to a user, the user may remove the
pair of wireless earphones from the cradle 155 or 255, respectively, and use them to
listen to audio. While inserted within the cradle 155 or 255, the pair of wireless
earphones 755 may be recharged with power supplied either from the power storage
190 or 290, or from a wired device connected to the connector 150 or 250,

respectively.

[0079] Other embodiments are within the scope of the following claims.
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CLAIMS

An audio interposer device comprising:
a processor;

a transceiver accessible to the processor and configured to engage in
wireless communications with a wireless device across a wireless point-to-
point link formed between the audio interposer device and the wireless
device;

a connector accessible to the processor and configured to connect with a
wired device to engage in wired communications with the wired device;

a storage accessible to the processor and having a routine stored therein
comprising a sequence of instructions that when executed by the processor
causes the processor to:

await an attempt by the wireless device to utilize a function for which
an indication was sent to the wireless device that the audio interposer
device is capable of performing that function thereby inducing the
wireless device to enable use of a first protocol across the link to
enable the link to be utilized to support the function, wherein the
indication was sent to the wireless device without regard to whether or
not either the audio interposer device or the wired device is actually
capable of performing that function;

determine whether or not the wired device is capable of performing the

function;

signal the wired device to perform the function in response to the
attempt by the wireless device to utilize the function, and the wired
device being determined to be capable of performing the function;
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perform the function in response to the attempt by the wireless device
to utilize the function, the audio interposer device being capable of
performing the function, and the wired device being determined to not
be capable of performing the function; and

operate the transceiver to utilize the first protocol to respond to the
wireless device in a manner that simulates a successful performance
of the function in response to the attempt by the wireless device to
utilize the function, the audio interposer device not being capable of
performing the function, and the wired device being determined to not
be capable of performing the function.

2. The audio interposer device of claim 1, further comprising a microphone to
detect sound to enable the audio interposer device to provide a sound detection
function for use by the wireless device in response to an attempt by the wireless
device to utilize the sound detection function and the wired device being determined
to not be capable of performing the sound detection function, and alternatively in
response to an attempt by the wireless device to utilize the sound detection function
and the wired device being disconnected from the connector.

3. The audio interposer device of claim 1, further comprising an indicator to
display textual data to enable the audio interposer device to provide a textual data
function for use by the wireless device in response to an attempt by the wireless
device to utilize the textual data function and the wired device being determined to
not be capable of performing the textual data function, and alternatively in response
to an attempt by the wireless device to utilize the textual data function and the wired
device being disconnected from the connector.

4, The audio interposer device of claim 1, further comprising a pair of
detachable wireless earphones to provide audible sound output to enable the audio
interposer device to provide a sound output function for use by the wireless device in
response to an attempt by the wireless device to utilize the sound output function
and the wired device being determined to not be capable of performing the sound
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output function, and alternatively in response to an attempt by the wireless device to
utilize the sound output function and the wired device being disconnected from the
connector.

5. The audio interposer device of claim 4, further comprising a cradle
incorporating a pair of earphones charging connectors to recharge a battery
incorporated into each earphone, wherein electric power to recharge the battery
incorporated into each earphone may be provided by the wired device through the
connector.

6. The audio interposer device of any of claims 1 through 5, wherein the
processor is further caused to:

perform the function in response to the attempt by the wireless device to
utilize the function, the audio interposer device being capable of performing
the function, and there being no device connected to the connector; and

operate the transceiver to utilize the first protocol to respond to the wireless
device in a manner that simulates a successful performance of the function in
response to the attempt by the wireless device to utilize the function, the
audio interposer device not being capable of performing the function, and
there being no device connected to the connector.

7. The audio interposer device of any of claims 1 through 5, wherein the
processor is further caused to operate the transceiver to utilize the first protocol to
respond to the wireless device in a manner that simulates a successful performance
of a sound detection function by providing a simulation of audio from a muted
microphone in response to an attempt by the wireless device to utilize the sound
detection function, the audio interposer device not being capable of performing the
sound detection function and the wired device being determined to not be capable of
performing the sound detection function; and alternatively in response to an attempt
by the wireless device to utilize the sound detection function, the audio interposer
device not being capable of performing the sound detection function and the wired
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device being disconnected from the connector.

8.

The audio interposer device of any of claims 1 through 5, wherein the

processor is further caused to:

9.

await an indication from the wired device through the connector of whether or
not the wired device is able to perform the function; and

perform a test of the wired device through the connector to deduce whether or
not the wired device is able to perform the function in response to not
receiving an indication from the wired device of whether or not the wired
device is able to perform the function within a predetermined period to time
following the connection of the wired device to the audio interposer device.

The audio interposer device of claim 8, wherein the processor is further

caused to:

10.

determine a second protocol that the wired device utilizes in wired
communications through the connector to support performing the function;

and

retrieve data concerning protocols from the storage to enable performing a
conversion between the first and second protocols.

The audio interposer device of claim 9, wherein the processor is further

caused to use the data concerning protocols to convert a piece of audio supplied by

the wireless device across the link in a first format into a second format to enable

conveying the audio to the wired device through the connector.

11.

The audio interposer device of claim 9, wherein the processor is further

caused to use the data concerning protocols to convert a piece of textual data

supplied by the wireless device across the link and specified with a first code into a

second code to enable conveying the textual data to the wired device through the

connector.
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12. The audio interposer device of claim 9, wherein the processor is further
caused to use the data concerning protocols to convert a first command supplied by
the wired device through the connector into a second command that is a functional
equivalent to the first command to enable the conveying of the meaning of the first
command to the wireless device by conveying the second command to the wireless
device across the link.

13.  The audio interposer device of claim 12, wherein the data concerning
protocols comprises a command conversion table matching each command in a first
set of commands to functionally equivalent commands in a second set of
commands.

14. A method comprising:

awaiting an attempt by a wireless device to utilize a function for which an
indication was sent to the wireless device that an audio interposer device is
capable of performing that function thereby inducing the wireless device to
enable use of a first protocol across a link between the audio interposer
device and the wireless device to enable the link to be utilized to support the
function, wherein the indication was sent to the wireless device without regard
to whether or not either the audio interposer device or a wired device
connectable to the audio interposer device through a connector of the audio
interposer device is actually capable of performing that function;

determining whether or not the wired device is capable of performing the

function;

signaling the wired device to perform the function in response to the attempt
by the wireless device to utilize the function, and the wired device being
determined to be capable of performing the function;

performing the function in response to the attempt by the wireless device to
utilize the function, the audio interposer device being capable of performing
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the function, and the wired device being determined to not be capable of
performing the function; and

operating the transceiver to utilize the first protocol to respond to the wireless
device in a manner that simulates a successful performance of the function in
response to the attempt by the wireless device to utilize the function, the
audio interposer device not being capable of performing the function, and the
wired device being determined to not be capable of performing the function.

The method of claim 14, further comprising:

performing the function in response to the attempt by the wireless device to
utilize the function, the audio interposer device being capable of performing
the function, and the there being no device connected to the connector; and

operating the transceiver to utilize the first protocol to respond to the wireless
device in a manner that simulates a successful performance of the function in
response to the attempt by the wireless device to utilize the function, the
audio interposer device not being capable of performing the function and

there being no device being connected to the connector.
The method of claim 14, further comprising:

awaiting an indication from the wired device through the connector of whether
or not the wired device is able to perform the function; and

performing a test of the wired device through the connector to deduce
whether or not the wired device is able to perform the function in response to
not receiving an indication from the wired device of whether or not the wired
device is able to perform the function within a predetermined period to time
following the connection of the wired device to the audio interposer device.

The method of claim 16, further comprising:

determining a second protocol that the wired device utilizes in wired
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communications through the connector to support performing the function:
and

retrieving data concerning protocols from the storage to enable performing a
conversion between the first and second protocols.

18.  The method of claim 17, further comprising using the data concerning
protocols to convert a piece of audio supplied by the wireless device across the link
in a first format into a second format to enable conveying the audio to the wired
device through the connector.

19.  The method of claim 17, further comprising using the data concerning
protocols to convert a piece of textual data supplied by the wireless device across
the link and specified with a first code into a second code to enable conveying the
textual data to the wired device through the connector.

20. The method of claim 17, further comprising using the data concerning
protocols to convert a first command supplied by the wired device through the
connector into a second command that is a functional equivalent to the first
command to enable the conveying of the meaning of the first command to the
wireless device by conveying the second command to the wireless device across the
link.

21.  The method of claim 20, further comprising using the first command to search
a command conversion table to locate the second command.

22. The method of any of claims 14 through 21, further comprising using a
microphone incorporated into the audio interposer device to detect sound to provide
a sound detection function for use by the wireless device in response to an attempt
by the wireless device to utilize the sound detection function and the wired device
being determined to not be capable of performing the sound detection function, and
alternatively in response to an attempt by the wireless device to utilize the sound
detection function and the wired device being disconnected from the connector.
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23.  The method of any of claims 14 through 21, further comprising operating the
transceiver to utilize the first protocol to respond to the wireless device in a manner
that simulates a successful performance of a sound detection function by providing a
simulation of audio from a muted microphone in response to an attempt by the
wireless device to utilize the sound detection function, the audio interposer device
not being capable of performing the sound detection function and the wired device
being determined to not be capable of performing the sound detection function; and
alternatively in response to an attempt by the wireless device to utilize the sound
detection function, the audio interposer device not being capabie of performing the
sound detection function and the wired device being disconnected from the
connector.

24.  The method of any of claims 14 through 21, further comprising using a pair of
wireless earphones that are attachable to the audio interposer device to provide
audible sound output to enable the audio interposer device to provide a sound
output function for use by the wireless device in response to an attempt by the
wireless device to utilize the sound output function and the wired device being
determined to not be capable of performing the sound output function, and
alternatively in response to an attempt by the wireless device to utilize the sound
output function and the wired device being disconnected from the connector.

25. The method of claim 24, further comprising recharging a battery incorporated
into each wireless earphone at a time when the pair of wireless earphones is
attached to the audio interposer device, wherein electric power to recharge the
battery incorporated into each wireless earphone may be provided by the wired
device through the connector.
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