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MEDIA CONTENT CONTROL MODULE AND PRESENTATION DEVICE

BACKGROUND OF THE INVENTION

Field of the Invention

Embodiments of the present invention are generally directed to a media content and
control module, and more particularly to a media content and control module that

communicates wirelessly with media content sources and media presentation devices.

SUMMARY OF THE INVENTION

In accordance with an aspect of the present invention, an intermediary wireless
device is provided. The intermediary wireless device comprises a first wireless 1/0
interface configured to communicate with a media content source device using a first
wireless protocol, a second wireless 1/O interface configured to communicate with at least
one media presentation device using a second wireless protocol, and control circuitry. The
control circuitry is coupled to the first wireless I/O interface and to the second wireless /O
interface and configured to receive media data from the first wireless 1/O interface, to
modify control information associated with the media data, and to provide the media data
with the modified control information to the at least one media presentation device through
the second wireless 1/O interface.

In accordance with one embodiment, the control information includes a volume
level at which the media data is audibly presented. In another embodiment, the control
information is received from at least one of a wireless remote control, the media content
source device, and the at least one media presentation device. In accordance with a further
aspect of this embodiment wherein the at least one media presentation device is an audio
system that includes a plurality of speakers, one of the plurality of speakers wirelessly
communicates the control information to at least one other speaker of the plurality of
speakers.

In accordance with another embodiment wherein the media source device is a first
media source device, the first wireless 1/O interface can be further configured to

communicate with a second media source device, distinct from the first media source device
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using a third wireless protocol. In accordance with an aspect of this embodiment, the first
wireless protocol can be different, or the same as the third wireless protocol.

In accordance with an embodiment of the present invention, the first wireless
protocol is a UPnP compatible protocol and the third wireless protocol is a DLNA
compatible protocol. In another embodiment, the first wireless protocol is one of an
AIRPLAY compatible protocol, a UPnP compatible protocol, and a DLNA compatible
protocol and the second protocol is a PurePath compatible protocol.

In accordance with another aspect of the present invention, the intermediary wireless
device is disposed in a housing that is configured to releasably attach to the at least one
media presentation device. In accordance with an embodiment, at least one of the housing
of the intermediary wireless device and a housing of the at least one media presentation
device includes a plurality of attachment mechanisms configured to releasably attach the
intermediary wireless device to the at least one media presentation device in only a single
orientation.

In accordance with an embodiment of the present invention in which the media
content source device is a first media content source device, the intermediary wireless
device can further comprise a wired connection port configured to receive media content
from a second media content source device distinct from the first media content source
device over a wired connection.

In accordance with another embodiment of the present invention, the first wireless
I/O interface is configured to select a first communication frequency channel for operation
and to communicate selection of the first communication frequency channel to the control
circuitry, and the control circuitry is configured to instruct the second wireless 1/O interface
to select, from a plurality of communication frequency channels available to the second
wireless 1/0 interface for operation, a second communication frequency channel that does
not correspond in frequency to the first communication frequency channel.

In accordance with another aspect of the present invention, a method of
communicating media content from a media content source device to at least one media
presentation device is provided. The method comprises wirelessly receiving the media
content from the media content source device using a first wireless communication protocol,
storing control information associated with the media content, and wirelessly transmitting

the media content and the control information associated with the media content to the at
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least one media presentation device using a second wireless protocol that is different that
the first wireless protocol.

In accordance with one embodiment, the method further comprises receiving the
control information from a device that is other than the media content source and the at least
one presentation device. In accordance with an aspect of this embodiment, the method may
further comprise communicating the control information to at least one other wireless
device that is distinct from the media content source, the at least one media presentation
device, and the device that is other than the media content source and the at least one
presentation device.

In accordance with an embodiment in which the at least one media presentation
device is an audio presentation device that includes a plurality of speakers, the control
information controls at least one of a volume level, a tone, and a balance of the plurality of
speakers.

In accordance with another embodiment, the method further comprises selecting a
first communication frequency channel for the first wireless communication protocol,
determining interfering frequency channels that would interfere with the first
communication frequency channel, and selecting, from among a plurality of communication
frequency channels available for use by the second wireless protocol, a second
communication frequency channel that does not include any one of the interfering

frequency channels.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are not intended to be drawn to scale. In the drawings,
cach identical or nearly identical component that is illustrated in various figures is
represented by a like numeral. For purposes of clarity, not every component may be labeled
in every drawing. In the drawings:

Fig. 1 illustrates a communication network that includes a wireless media content
and control module and a media content presentation device in accordance with an aspect of
the present invention;

Figs. 2A and 2B are a functional block diagram of the wireless media content and
control module and the media content presentation device of Fig. 1 in accordance with an

embodiment of the present invention;
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Fig. 3 is a perspective view of the wireless media content and control module and
the media content presentation device of Figs. 1 and 2 in accordance with an embodiment of
the present invention;

Fig. 4A is a diagram illustrating one example of a portion of a frequency band
partitioned into a plurality of channels;

Fig. 4B is a diagram illustrating another example of a portion of a frequency band
partitioned into a plurality of channels; and

Fig. 5 is a flow diagram of one example of a configuration method according to

aspects of the present invention.

DETAILED DESCRIPTION

Embodiments of the invention are not limited to the details of construction and the
arrangement of components set forth in the following description or illustrated in the
drawings. Embodiments of the invention are capable of being practiced or of being carried
out in various ways. Also, the phraseology and terminology used herein is for the purpose

of description and should not be regarded as limiting. The use of “including,”

b 11 2% 6y

“comprising,” or “having,” “containing,” “involving,” and variations thereof herein, is
meant to encompass the items listed thereafter and equivalents thereof as well as additional
items.

There are various wireless technologies that enable the transmission, and in some
instances, the control of media content, such as audio and video media content, on target
presentation devices such as televisions, monitors, speakers, etc. These technologies have
been well received because they often reduce the complexity and the aesthetic burden
associated with wiring devices together. Many of these technologies and mediums are
enabled by the advent of widespread digital storage and the use of digital media that allows
media content to be communicated across the Internet and across local area networks
(LANSs) and personal area networks (PANs) between devices. These technologies also take
advantage of digital communication protocols, such as Universal Plug and Play™ (UPnP™)
developed by Intel and a variety of other solutions, such as Texas Instruments’ Pure-Path™

technology that is a combination of hardware IC’s, reference electrical designs for

transmitters, receivers and antennas, and associated software that allows for compressed and
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uncompressed analog and digital media to be transmitted along with concurrent non-media
content between devices employing the same technology.

Most implementations of these technologies by various companies are somewhat
inflexible and only partially address the needs of consumers. For example, self-amplified
speaker systems exist that are based on proprietary wireless receiver technologies, such as
the AIRPLAY technology provided by Apple®, but the source of the media content is
limited to Apple® sourced devices such as the iPod™ or the iPhone™, or media player
applications such as iTunes™. Other wireless sources, such as UPnP enabled devices like
Android™ devices from Google are not compatible with the AIRPLAY technology and
cannot interoperate to wirelessly send content for playback to such fixed function devices.

Other implementations permit a user to physically plug a media content source, such
as an MP3 player, CD player, etc. into a device that then transmits the media content to
wirelessly to target speakers or video playback devices. Still other ‘dongle’ type solutions
are provided that communicate wirelessly with one another, however, in most of these
solutions the media content source must be physically wired to the dongle transmitter and
the media playback device must be physically wired to the dongle receiver. Such ‘dongle’
type solutions are necessarily limited to media content sources and media playback devices
that have a connector that is compatible with those on the dongle transmitter and receiver.

Most of the above-described devices rely on point to point transmission technologies
in which media content is broadcast from a transmitter to a receiver, but in which no control
or management of the media content is provided. That is, control and management of the
media content is performed by either the media content source device or the target media
playback device. For example, where control of the media content includes volume control
of audio media content, control of the volume is either performed on the media content
source device (for example by increasing or decreasing the media content source signal
level) or by the target media playback device (for example, by adjusting the amount of
amplification performed on the received media content source signal).

In accordance with various embodiments of the present invention, a wireless media
content and control module is provided that addresses one or more of the limitations of the
above-described devices. In accordance with an aspect of the present invention, the
wireless media content and control module is based on a flexible architecture in which the

wireless media content and control module may be viewed as an intermediary device. That
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is, rather than relying on a point-to-point paradigm in which media content is transmitted
from a media content source (i.c., point A) to a media playback device (i.e., point B),
embodiments of the present invention may be used as an intermediate device that enables
wireless communication of media content and control/management of that media content
between a media content source and a media content presentation device, such as a display,
television, or one or more audio output devices, such as a speaker. Embodiments of the
present invention may therefore be used with a variety of different wireless source
technologies and protocols, such as AIRPLAY, UPnP™, DLNA™ (Digital Living Network
Alliance™), BlueTooth™, etc. The wireless media content and control module may be
implemented in a modular manner, such that as different media content source devices and
media content communication protocols become available, the media content and control
module may be readily reconfigured. In accordance with one embodiment in which the
wireless media content and control module is configured to communicate audio media
content along with control and management information to an audio presentation device, the
wireless media content and control module may use PurePath™ wireless technology
available from Texas Instruments to wirelessly communicate audio media content and
control/management information to the audio presentation device. These and other aspects
of embodiments of the present invention are now described below.

Fig. 1 illustrates a communication network 100, such as a local area network (LAN)
or a personal area network (PAN) that includes a wireless media content and control module
130 in accordance with an embodiment of the present invention. As shown, the
communication network includes one or more wireless media content source devices 110
that are capable of wirelessly communicating media content, such as audio media content,
video media content, or both audio and video content to another device. Some of the media
content source devices may also be capable of wirelessly communicating state information
to control the state (e.g., a volume level, whether the media content is paused, or muted, or
fast forwarded or rewound) of the audio and/or video media content. The media content
source devices 110 can include one or more of a variety of different types of media content
source devices 110a-c that are capable of wirelessly communicating over a WiFi™ (IEEE
802.11) wireless communication network. Such WiFi™ devices can include an Android™
device 110a capable of wirelessly communicating media content using a UPnP™ or

DLNA™ wireless communication protocol, an iOS™ device 110b capable of wirelessly
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communicating media content using a UPnP™ or DLNA™ wireless communication
protocol, or a Windows™ or other computer device 110c capable of wirelessly
communicating media content using a UPnP™ or DLNA™ wireless communication
protocol. The media content source devices 110 can also include an 10S™, Android™,
Windows™ or other device 110d capable of wirelessly communicating media content using
a BlueTooth™ communication protocol, or an iOS™ device, such as an Apple iPad™,
iPod™, or iPhone™ device (not shown) capable of wirelessly communicating media
content using the AIRPLAY communication protocol.

As shown, the communication network 100 can include a WiFi™ Hub or router 120
that can wirelessly communicate over a WiFi™ network with each of the media content
source devices 110a-c and with the wireless media content and control module 130. The
wireless media content and control module 130 can also directly communicate wirelessly
with media content source devices 110d using the BlueTooth™ protocol. As shown in Fig,
1, the wireless media content and control module 130 may also communicate with legacy
analog or digital media content source devices 140 using a wired connection, such as a USB
cable. In accordance with one embodiment of the present invention, a wireless remote
control 150 can be provided to wirelessly communicate control and management
information to the wireless media content and control module 130. The remote control may
communicate with the wireless media content and control module using infra red (IR)
technology, or Radio Frequency (RF) technology, such as BlueTooth™,  The
communication network 100 also includes one or more media content presentation devices
160, such as a video monitor, a television, one or more speakers, or a combination thereof.
In accordance with onec embodiment, the wireless media content and control module 130
wirelessly communicates with the media content presentation device 160 using PurePath™
technology.

Figs. 2A and 2B are a functional block diagram of a wireless media content and
control module 130 and a media content presentation device 160 in accordance with an
embodiment of the present invention. As shown in Fig. 2A, the wireless media content and
control module 130 receives media content, and in some instances, media content control
and management information wirelessly from one or more WiFi™ or BlueTooth™ media
content source devices 110. Where the media content and/or media content control and

management information is received from a WiFi™ content source, it may be received from
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the WiFi™ media content source device 110 via the WiFi™ hub or router 120 (not shown
in Fig. 2A). It should be appreciated that one or more of the media content source devices
110 may provide media content to the media content and control module 130 while another
of the media content source devices provides media content control and management
information to the media content and control module 130. The wireless media content and
control module 130 includes a processor 210, such as microprocessor or other type of
controller, that is communicatively coupled (for example, via a bus) to a first wireless 1/O
(Input/Output) interface 220, such as an 802.11 compatible wireless transceiver, a second
wireless 1/O interface 230, such as a PurePath™ compatible wireless transceiver, an
audio/video multiplexer and Analog to Digital (A/D) converter 250, an optional third
wireless 1/0 interface 270, such as an IR/RF transceiver, and one or more connectors 280
configured to receive power and/or analog or digital media content from an analog or digital
media content source 290, such as a legacy analog or digital media content source 140 (Fig.
1). The term I/O interface is used herein to indicate that the interface is capable of being
used as an input, as an output, or as both an input and an output to communicate with other
media content source or media content presentation devices. It should be appreciated that
although only a single processor 210 is depicted in Fig. 2A, the processor 210 may include
multiple processors each associated with different tasks, for example a front end
communication protocol processor and another more general purpose control processor. It
should also be appreciated that although the Audio/Video multiplexer and A/D converter
250 1s illustrated as a single functional block, the Audio/Video multiplexing functionality
may be implemented in a separate component or functional software module from the
analog to digital conversion.

Although not depicted as being coupled to the processor 210 or the other electrical
components of the wireless media content and control module 130, the wireless media
content and control module includes a power supply 240 that is electrically coupled to the
processor 210 and the other electrical components to provide power. The power supply 240
may be a conventional AC/DC power supply that provides DC power to the wireless media
content and control module 130, or a DC power supply that receives DC power via one or
more of the connectors 280 from an external device (such as the analog or digital media
content source 290, or as discussed in more detail below, the media content presentation

device 160), such as via a USB connector. The power supply 240 may optionally include



10

15

20

25

30

WO 2013/192505 PCT/US2013/047012

one or more batteries to provide power to the module 130, for example, in the event that the
media content and control module is not presently plugged into a source of power.

In operation, the wireless media content and control module 130 receives media
content and/or media content control or management information from one or more of the
media content source devices 110 via the WiFi™ hub or router 120 over the first wireless
I/O interface 220. The processor 210 receives the media content and/or the media control or
management information and provides the media content to the Audio/Video multiplexer
and A/D converter 250 that demultiplexes the audio media content from the video media
content. The processor 210 then provides the demultiplexed audio and video media content
and any media content and control or management information to the second wireless 1/0
interface 230 that wirelessly communicates the audio and/or video media content and media
content control or management information to the media content presentation device 160
shown in Fig. 2B. Where the media content is provided via a wired connection (for
example USB) over one or more of the connectors 280, for example, from a legacy media
content source 140, that media content may be converted to a digital format, where
necessary, by the Audio/Video multiplexer and A/D converter prior to being provided to the
second wireless 1/O interface 230. It should be appreciated that the legacy media content
source could include a USB memory stick with media content stored thereon.

In accordance with an aspect of the present invention, the wireless media content
and control module 130 is capable of managing (adjusting and storing) media content
control and management information and communicating media content control and
management information to the media content presentation device 160, where such
information is received from a media content source device 110. For example, with respect
to audio media content, such media content control and management information may
include volume control or state information, such as the current volume level, the playback
state of the media content (e.g., paused, muted, fast-forward, etc.), the source of the media
content (where multiple media content sources are present), changes in the status of media
content sources, etc. Where the media content source device is capable of communicating
media content control and management information, the status (e.g., the current status) and
changes in status of the media presentation device 160 may be communicated back to the
wirelessly connected media content source device, or to each wirelessly connected media

content source device capable of receiving such information.
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Where the media content source device does not have the capability of
communicating media content control and management information, such information may
alternatively be provided to the wireless media content and control module 130 by the
wireless remote control 150, or by another wireless media content source device 110. In
accordance with one embodiment of the present invention, the media content control and
management information provided by the remote control 150 can include volume control
and/or state information, such as the desired volume level, the playback state of the media
content (paused, muted, etc.), the source of the media content (where multiple sources are
present), etc. In accordance with this aspect of the present invention, the wireless media
content and control module 130 may thus act as a master media content source device
controller that can accept media content from wired or wireless devices and control the
presentation of that media content on one or more target media presentation devices, as well
as maintain a current status of the target media presentation devices.

In accordance with an embodiment of the present invention, the media content
presentation device 160 includes a processor 261 that is communicatively coupled (for
example, via a bus) to a first wireless 1/O interface 262, such as an IR/RF transceiver, a
second wireless 1/O interface 263, such as a PurePath™ wireless transceiver, a Digital
Signal Processor (DSP) 264, a media content amplifier 265, and a presentation output
device 266, such as a display or one or more speakers. Although not depicted as being
coupled to the processor 261 or the other electrical components of the media content
presentation device 160, the media content presentation device includes a power supply 267
that is electrically coupled to the processor 261 and the other electrical components to
provide power. The power supply 267 may be a conventional AC/DC power supply that
provides DC power to the media presentation device 160. In accordance with an
embodiment of the present invention, the media content presentation device 160 may
include a power connector 268 that is electrically coupled to the power supply 267 to
provide DC power to one of the connectors 280 of the media content and control module
130, as described in more detail with respect to Fig. 3 below. The power supply 240 may
optionally include one or more batteries to provide power to the media content presentation
device 160.

In operation, the media content and media content control and management

information is received from the media content and control module 130 via the second
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wireless I/O interface 263. Media content control and management information may also be
received directly from the wireless remote control 150, where this information may be
provided to the media content and control module 130. The processor 261 provides the
media content to the DSP 264 that processes the media content as instructed by the
processor 261 in accordance with the media content control and management information
received by the processor. The processed media content is provided to the media content
amplifier 265 that amplifies the media content and provides the amplified media content to
the presentation output device 266. In accordance with one embodiment of the present
invention in which the media content presentation device 160 is an audio presentation
device, the volume of the audio presentation device may be directly controlled in the media
content presentation device. That is, in contrast to devices that control the volume of a
presentation output device by modulating the amplitude of the input signal, the media
presentation device 160 instead modulates the volume of the media content by adjusting the
amplitude of the output signal provided by the DSP 264 and/or the media content amplifier
265.

In accordance with a further aspect of the present invention, the media content and
control module may be configured (either during manufacture, or during an initial
configuration routine) to be aware of the capabilities and limitations of a particular media
content presentation device 160 to which it is paired. For example, where the media
presentation device 160 is an audio presentation device, such as a surround sound system,
the media content and control module may be made aware of the capabilities and limitations
of the audio presentation device. Such capabilities may include the type and number of
speakers and their location designation (e.g., a sub-woofer, a mid-range speaker or a high
frequency speaker, whether the speaker is designated as a left channel speaker, a right
channel speaker, and/or front or back, the output limitations of the speakers in terms of their
minimum input signal level, their maximum input signal level, etc.) Alternatively, the
processor 261 may be configured to store information relating to the capabilities and
limitations of the audio presentation device, and control the DSP and/or the media content
amplifier based upon this stored information and the media content control and management
information received from the media content and control module 130.

According to one embodiment in which the media content presentation device is an

audio device, such as one or more speakers, and the media content is audio content, the
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wireless media content and control module 130 may act as a master controller that controls
characteristics of the presented audio content, such as volume, tone, balance, etc. For
example, the wireless media content and control module 130 may receive volume control
signals from the media content source device or another remote volume control device (such
as the remote 150, or the media presentation device 160 itself), and relay the volume control
signals to the speaker(s) to control the volume of the audio content. The wireless media
content and control module 130 may receive acknowledgement signals from the speaker(s)
confirming that the volume control signals have been received. In one example, where the
wireless media content and control module 130 receives volume control signals from one
component in the network 100 (such as the media content source device 110, for example),
the wireless media content and control module 130 may further provide volume control
information to any other volume-controlling devices in the network 100. In this manner, all
devices in the network 100 which may be used to control the volume of the audio content
presented by the speaker(s) may have common volume information, such that the volume of
the presented audio may be seamlessly controlled through any device.

In accordance with an aspect of the present invention in which the media content
presentation device is a multi-speaker audio system, such as a surround sound system, the
media content and control module 130 may wirelessly communicate media content and/or
media content control and management information to each of the speakers of the multi-
speaker audio system. This is in contrast to conventional audio systems in which there is
typically a centralized control system (e.g., associated with one of the speakers, such as the
center channel speaker) that may be capable of receiving media content via a wireless
communication medium, but which communicates that media content to associated
surround sound speakers (such as front left, front right, rear left, rear right, and subwoofer)
via wired connections. In accordance with this aspect of the present invention, each speaker
system (which may include a plurality of different individual speaker devices, such as low
frequency range, mid frequency range, and high frequency range speakers, as well as a
subwoofer) may include the various components illustrated with respect to media content
presentation device 160 depicted in Fig. 2B to wirelessly receive media content and/or
media content control and management information from the media content and control
module 130. In such a system, each of the plurality of speakers of the multiple speaker

system may include its own wireless 1/O interfaces 262, 263, as well as associated processor
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264, amplifier 265, and power supply 267. Such a system dispenses with the need for any
wires between one speaker and any other speaker of the audio system, as each may be
configured to receive media content (as well as media content control and management
information) wirelessly from the media content and control module 130.

Fig. 3 illustrates a media content presentation device in accordance with an
embodiment of the present invention. As illustrated in Fig. 3, in one embodiment, the
media content presentation device 160 is configured as an audio media content presentation
device, such as a speaker. As shown, the media presentation device 160 includes a power
connector 268 by which power provided by the power supply 267 (Fig. 2B) of the media
content presentation device 160 may be provided to the wireless media content and control
module 130. The power connector 268 is located on an external surface of the media
content presentation device, such as on a rear surface (as shown) or a bottom surface of the
media content presentation device that is relatively shielded from view. In accordance with
one embodiment, the power connector may be a Bourne™-style face-to-face connector that
is configured to mate with a compatible Bourne-style connector 340 of the wireless media
content and control module 130, as shown in Fig. 3. As known to those skilled in the art, a
Bourne™-style connection typically includes one connector that has one or more male
spring contacts disposed on one of the connectors (e.g., connector 340) and one or more
female contacts (i.e., pads) on the other mating connector (e.g., connector 268.) The
connector 340 may be one of the connectors 280 functionally depicted in Fig. 2A. The
contacts of the connectors 268, 340 may include a pair of contacts for serial communication
in addition to contacts providing power and ground. It should be appreciated that other
types of connectors may be used, as the present invention is not limited to a particular type
of power connector.

Surrounding the power connector 268 are a plurality of attachment mechanisms
310a-310d that permit the wireless media content and control module 130 to be attached to
the media content presentation device 160. It should be appreciated that the plurality of
attachment mechanisms can also permit the wireless media content and control module 130
to be easily attached to devices other than the media content presentation device 160 as
well. The wireless media content and control module 130 includes a plurality of mating
attachment mechanisms 331a-331d that are configured to mate with a respective one of the

plurality of attachment mechanisms 310a-310d. In one implementation, one of the plurality
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of attachment mechanisms 310a-310d, 331a-331d may include a plurality of magnets, and
the other a plurality of ferrous metal screws. In another implementation, each of the
plurality of attachment mechanisms 310a-310d, 331a-331d includes a plurality of magnets
having different polarities and arranged in an asymmetric manner as shown, such that the
wireless media content and control module can only be attached to the media presentation
device in a single orientation. It should be appreciated that a myriad of other types of
attachment may be used, as the present invention is not limited to a particular type of
attachment mechanism. For example, one of the plurality of attachment mechanisms 310a-
310d, 331a-33d may include a plurality of one type of hook and loop fasteners, and the
other a plurality of the other mating type of hook and loop fasteners. Alternatively still, one
of the plurality of attachment mechanisms 310a-310d, 331a-33d may include a plurality of
magnets, and the other may simply include a ferrous metal plate.

As shown in Fig. 3, the connectors 280 on the wireless media content and control
module 130 may include a plurality of different types of connectors, such as a USB
connector, a dedicated DC power connector, an optical connector, etc. The connectors 280
may be disposed on an external surface of the wireless media content and control module in
a manner that does not interfere with the power connector 268 and the connector 340.

As discussed above, the wireless media content and control module 130 may include
multiple wireless transceivers which may operate simultaneously to communicate with a
variety of devices (such as media content source devices 110, a wireless remote control 150,
and/or one or more media content presentation devices 160) and perform various functions.
For example, as discussed above, the wireless media content and control module 130 may
receive media content via a WiFi™ transceiver, and then re-broadcast decoded audio and
data signals to one or more media presentation devices 160 using another wireless
transceiver. These wireless transceivers may use any of various wireless communications
protocols and communication frequency bands, including, for example, WiFi™,
Bluetooth™, RF bands, etc. Although certain communications protocols may use non-
overlapping frequency bands, there are many instances where the multiple wireless
transceivers may be operating in the same frequency band, either because a common
communications protocol is being used or because there is overlap in the frequency bands
used by different protocols. Accordingly, it may be necessary or desirable to employ

mechanisms and techniques for frequency sharing and/or channel selection to avoid
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interference or “conflict” (i.e., two or more wireless transceivers attempting to use the same
frequency channel at the same time and thereby disrupting operation of at least one of the
transceivers) between the multiple wireless transceivers of the wireless media content and
control module 130.

As is well known to those skilled in the art of wireless communications, various
government agencies, for example, the Federal Communications Commission (FCC) in the
U.S., designate certain uses for certain frequency bands, along with maximum acceptable
interference levels between channels in the bands, also expressed as minimum channel
separation requirements. For example, WiFi™ devices typically broadcast at about 2.4
Gigahertz (GHz) or about 5.2 or 5.8 GHz. Common “off-the-shelf” wide-band wireless
audio transceivers also operate in these frequency bands because these are FCC-designated
broadcast bands for consumer devices. To accommodate “traffic” or multiple users of the
same general frequency band, many devices select particular channels, or narrow “slices” of
the frequency band in which to operate. For example, referring to Fig. 4A there is
illustrated an example of non-overlapping channels for the 2.4 GHz wireless LAN 802.11b
(DSSS) protocol, with a channel width of 22 Megahertz (MHz). Similarly, Fig. 4B
illustrates another example of channels used with the 802.11g/n (OFDM) protocol, with a
channel width of 20 MHz, and 16.25 MHz used by sub-carriers.

According to one embodiment, one or more of the wireless I/O interfaces of the
wireless media content and control module 130 (e.g., any one or more of the first wireless
I/0O interface 220, the second wireless I/O interface 230, and the third wircless I/O interface
270) is configured to select a channel within its frequency band of operation, the selection
being based at least in part on the channel(s) used by the other wireless 1/O interfaces of the
wireless media content and control module 130, certain operating constraints associated
with the communications protocol being used, or programmed “preferences.” In this
manner, a plurality of wireless transceivers may coexist within a media device and operate
simultaneously in very close proximity without interference.

According to one embodiment, one of the wireless 1/O interfaces of the wireless
media content and control module 130 may be designated as the “primary” interface, and
the remaining wireless 1/O interfaces may be considered “secondary” interfaces. The
primary wireless I/O interface may have more limited flexibility in terms of selecting a

frequency channel to use, either because there exist only a limited number of channels that
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can be used according to the communications protocol of the primary interface, or because
the function of the primary interface requires that it match the frequency channel of another,
external device. For example, the primary wireless I/O interface may include a transceiver
that receives the media content from one or more media content source devices 110 using
WiFi™, Ag known to those skilled in the art, in the United States, certain WiFi™-certified
devices use cleven channels in the 2.4 GHz and the devices may either be set to
automatically select one of three channels (channels 1, 6, or 11) or be manually set to one of
these channels for transmission and reception. Thus, the WiFi™ transceiver of the wireless
media content and control module 130 that receives the media content may be a WiFi™
client device that must select the same channel that the external WiFi™ host device (from
which the media content originates) is using. Accordingly, since this transceiver may have
limited to no flexibility as to which channel to use, it may be preferable to set this wireless
I/O interface as the primary interface and give it priority in terms of configuration and
selection of a frequency channel. The other wireless interfaces of the wireless media
content and control module 130 may thus be “secondary” and have a lower priority of
configuration.

Referring to Fig. 5, there is illustrated an example of a process for selecting
frequency channels for operation of each of the wireless 1/O interfaces (e.g., any one or
more of the first wireless 1/O interface 220, the second wireless I/O interface 230, and the
third wireless I/0 interface 270) of the wireless media content and control module 130. In a
first step 510, the primary wireless I/O interface (for example, wireless I/O interface 220,
although it is to be appreciated that any wireless /O interface may be designated as the
primary I/O interface) selects a frequency channel for communication. This selection may
be active (e.g., selected independently by the primary wireless I/O interface) or passive
(e.g., dictated by an associated WiFi™ host device). As shown in Fig. 2A, the wireless 1/0
interfaces 220, 230, and 270 of the wireless media content and control module 130 are
operatively coupled to a processor 210. In step 520, the currently-selected communication
frequency (or channel) of the primary wireless I/O interface is read back to or otherwise
provided to the processor 210. The processor 210 may use a lookup table programmed in
software readable by the processor to compare the communication channel frequencies
available to the secondary wireless I/O interface(s) with the communication channel

frequency selected by the primary wireless I/O interface. For example, the communication
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channel frequency selected by the primary wireless I/O interface (e.g., channel 6) may
correspond to a number of communication channels (e.g., channels 5-8) available to the
secondary wireless I/O interface(s). The processor 210 may then employ channel allocation
features to prevent those channels that would interfere with the primary 1/O interface from
being selected by any of the secondary wireless I/O interfaces (step 530). For example, the
processor may instruct the secondary wireless I/O interface(s) not to include any of the
interfering channels (e.g., channels 5-8 in the above example) in the channel hopping
sequences of the secondary wireless I/O interface(s), thereby eliminating the opportunity for
destructive interference. Alternatively, the processor may instruct the secondary wireless
I/O interface(s) to select (e.g. allocate) a particular non-interfering channel, or inform the
secondary wireless I/O interface(s) which channels are available for selection (allocation).
The channels that are not to be allocated may include the channel selected by the primary
wireless 1/0 interface, any channels that overlap in frequency with the channel selected by
the primary wireless 1/O interface, and/or harmonics of the channel selected by the primary
wireless I/O interface.

In embodiments in which the wireless media content and control module 130
includes two or more secondary wireless 1/O interfaces, the above-discussed frequency
selection process may be repeated in accord with the priority of configuration accorded to
each secondary wireless 1/0 interface until each wireless I/O interface has been allocated
one or more frequency channels for communication. In each iteration of the process, the
prior-selected frequency channels (i.e., those already selected by the primary wireless 1/0
interface and any higher-priority secondary wireless I/O interfaces) may be communicated
to the processor 210 which may then instruct any subsequent secondary wireless I/O
interfaces not to include those interfering frequency channels in its selection process. In
certain examples, one or more of the secondary wireless I/O interfaces may include a multi-
band transceiver which may be configured to operate in a completely different frequency
band from the primary wireless I/O interface, rather than selecting a different channel
within the same frequency band.

In accordance with an aspect of the present invention, the process for selecting
frequency channels for operation of each of the wireless I/O interfaces of the wireless media
content and control module 130 may be dynamic to ensure seamless operation of the

wircless media content and control module 130. In accordance with one embodiment,
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where the communication channel being used by the primary wireless 1/O interface changes,
that change is communicated to each of the secondary wireless 1/O interfaces. For example,
the primary wireless I/O interface may have previously been communicating on channel 6
and the processor 210 may have previously instructed the secondary wireless interface(s) to
not include any interfering channels (e.g., channels 5-8) in its channel selection process.
Where the communication channel being used by the primary wireless 1/O interface
changes, for example from channel 6 to channel 1, processor 210 may instruct each
secondary wireless 1/O interface not to include any corresponding channels (e.g., channels
1-4) in its selection process. The instruction from the processor 210 may also identify those
frequency channels of the secondary wireless 1/O interface that are presently available (e.g.,
channels 5-18). Where the secondary wireless I/O interface is communicating on a non-
interfering channel (e.g., channel 10), the secondary wireless I/O interface may continue
communicating on the non-interfering channel, or select a new channel from among those
available for communication. Where the secondary wireless I/O interface is communicating
on an interfering channel, the secondary may then select from among those non-interfering
channels available to it for communication. The above-discussed frequency selection
process may be repeated in accord with the priority of configuration accorded to each
secondary wireless 1/0 interface until each wireless 1/0 interface has been allocated one or
more frequency channels for communication.

Thus, aspects and embodiments provide a method by which multiple wireless
transceivers can cooperatively communicate different media and/or data signals within very
close proximity without interference. The approach discussed above allows embodiments
of the wireless media content and control module 130 to perform numerous functions,
communicating wirelessly with a variety of different devices, thereby enabling a flexible,
multi-function wireless media system.

In accordance with an aspect of the present invention and as described above, a
wireless media content and control module is provided that enables significantly greater
functionality and flexibility with a wide variety of media content source devices.
Embodiments of the present invention provide a modular design that is functionally
compatible with a variety of different wireless media content source options, both open and
proprietary, such as AIRPLAY from Apple™, UPnP™, DLNA™ or Bluetooth™, or any

others that can wirelessly communicate media content of a WiFi™ or Bluetooth™ network.



10

15

20

WO 2013/192505 PCT/US2013/047012
19

Embodiments of the present invention are also compatible with legacy wired media content
source devices.

In accordance with another aspect of the present invention, the wireless media
content and control module can be wirelessly “paired” with one or more target media
content presentation devices that share the same wireless communication technology and
protocol, such as PurePath™. Where the one or more target media content presentation
devices include a surround sound system that includes multiple speakers, the use of wireless
technology dispenses with the need for complex wiring schemes, setup and configuration.

In accordance with yet another aspect of the present invention, the wireless media
content and control module can act as a master media content source device controller that
can control the volume and presentation of media content, even where the media content
source devices lack the ability to control the presentation of the media content themselves.

Having thus described several aspects of at least one embodiment of this invention,
it is to be appreciated various alterations, modifications, and improvements will readily
occur to those skilled in the art. Such alterations, modifications, and improvements are
intended to be part of this disclosure, and are intended to be within the scope of the
invention. Accordingly, the foregoing description and drawings are by way of example
only.

What is claimed is;
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CLAIMS

1. An intermediary wireless device comprising:

a first wireless 1/O interface configured to communicate with a media content source
device using a first wireless protocol;

a second wireless 1/0 interface configured to communicate with at least one media
presentation device using a second wireless protocol; and

control circuitry coupled to the first wireless I/O interface and to the second wireless
I/O interface, and configured to receive media data from the first wireless 1/O interface,
modify control information associated with the media data, and provide the media data with
the modified control information to the at least one media presentation device through the

second wireless 1/0O interface.

2. The intermediary wireless device of claim 1, wherein the control information

includes a volume level at which the media data is audibly presented.

3. The intermediary wireless device of claim 1, wherein the control information is
received from at least one of a wireless remote control, the media content source device, and

the at least one media presentation device.

4. The intermediary wireless device of claim 3, wherein the at least one media
presentation device is an audio system that includes a plurality of speakers, and wherein one
of the plurality of speakers wirelessly communicates the control information to at least one

other speaker of the plurality of speakers.

5. The intermediary wireless device of claim 1, wherein the media source device is a
first media source device, and wherein the first wireless I/O interface is further configured
to communicate with a second media source device, distinct from the first media source

device using a third wireless protocol.

6. The intermediary wireless device of claim 5, wherein the first wireless protocol is

different than the third wireless protocol.
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7. The intermediary wireless device of claim 6, wherein the first wireless protocol is a

UPnP compatible protocol and the third wireless protocol is a DLNA compatible protocol.

8. The intermediary wireless device of claim 1, wherein the first wireless protocol is
one of an AIRPLAY compatible protocol, a UPnP compatible protocol, and a DLNA

compatible protocol, and wherein the second protocol is a PurePath compatible protocol.

9. The intermediary wireless device of claim 1, wherein the intermediary wireless
device is disposed in a housing configured to releasably attach to the at least one media

presentation device.

10.  The intermediary wireless device of claim 9, wherein at least one of the housing of
the intermediary wireless device and a housing of the at least one media presentation device
includes a plurality of attachment mechanisms configured to releasably attach the
intermediary wireless device to the at least one media presentation device in only a single

orientation.

11.  The intermediary wireless device of claim 1, where the media content source device
is a first media content source device, and wherein the intermediary wireless device further
comprises:

a wired connection port configured to receive media content from a second media
content source device distinct from the first media content source device over a wired

connection.

12.  The intermediary wireless device of any of claims 1-11, wherein the first wireless
I/O interface is configured to select a first communication frequency channel for operation
and to communicate selection of the first communication frequency channel to the control
circuitry; and

wherein the control circuitry is configured to instruct the second wireless I/O

interface to select, from a plurality of communication frequency channels available to the
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second wireless 1/O interface for operation, a second communication frequency channel that

does not correspond in frequency to the first communication frequency channel.

13.  The intermediary wireless device of claim 12, wherein the control circuitry is further
configured to detect when the first communication frequency channel selected by the first
wireless 1/0 interface changes, and to instruct the second wireless I/O interface to select,
from the plurality of communication frequency channels available to the second wireless
I/O interface for operation, a third communication frequency channel that does not
correspond in frequency to a frequency of the changed first communication frequency

channel.

14. A method of communicating media content from a media content source device to at
least one media presentation device, comprising:

wirelessly receiving the media content from the media content source device using a
first wireless communication protocol;

storing control information associated with the media content; and

wirelessly transmitting the media content and the control information associated
with the media content to the at least one media presentation device using a second wireless

protocol that is different that the first wireless protocol.

15.  The method of claim 14, further comprising:
receiving the control information from a device that is other than the media content

source and the at least one presentation device.

16.  The method of claim 15, further comprising:
communicating the control information to at least one other wireless device that is
distinct from the media content source, the at least one media presentation device, and the

device that is other than the media content source and the at least one presentation device.

17.  The method of claim 14, wherein the at least one media presentation device is an

audio presentation device that includes a plurality of speakers, and wherein the control
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information controls at least one of a volume level, a tone, and a balance of the plurality of

speakers.

18.  The method of claim 14, further comprising:

selecting a first communication frequency channel for the first wireless communication
protocol;

determining interfering frequency channels that would interfere with the first
communication frequency channel; and

selecting, from among a plurality of communication frequency channels available for use
by the second wireless protocol, a second communication frequency channel that does not

include any one of the interfering frequency channels.

19.  The method of any of claims 14-18, wherein wirelessly receiving the media content
includes wirelessly receiving the media content over a first wireless I/O interface, and wherein
wireless transmitting the media content and the control information associated with the media
content includes wirelessly transmitting the media content and the control information associated
with the media content over a second wireless I/O interface that is distinct from the first wireless

1/O interface.
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