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stored, on a local memory storage device, network audio con-
tent stored on a remote memory storage device, and accessed
over a network, or streaming content retrieved over the Inter-
net.



WO 2014/133994 A1 |IIWAT 00V A0 AU AE AR A A

Published: —  before the expiration of the time limit for amending the
—  with international search report (Art. 21(3)) claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




WO 2014/133994 PCT/US2014/018170

PRE-CACHING OF AUDIO CONTENT

CROSS-REFERENCE TO RELATED APPLICATION

{81} This application claims priority to U.S. Application No. 13/777,780, filed Febroary

26, 2013, which 1s hereby incorporated by reference in its entirety.

FIELD OF THE DISCLOSURE

82 The disclosure 15 related to consumer goods and, more particadarly, 1o systems
& R J9 o 9
products, features, services, and other tteras divected to media playback or some aspect

thereof.

BACKGROUND

{831 Technological advancements have mcreased the acccessibility of music content, as
well as other types of media, such as television content, movies, and fnteractive content. For
example, a user can access audic, video, or both audio and video content over the Internet
through an online store, an Internet radio station, a music service, 8 movie service, and so on,
m addition to the more traditional avenues of accessing audio and video content. Demand for
audio, video, and both audio and video content inside and outside of the home continues to

nerease.
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BRIEF BESCRIPTION OF THE DRAWINGS
{84} Fesaturcs, aspects, and advantages of the presently disclosed technology may be better
understood with regard to the following description, appended claims, and accompanying

drawings where:

{85} Figire | shows an oxample configuration in which certain embodiments may be
practiced;
{86} Figire 2A shows an ilustration of an example zone player having a built-in

amplifier and transducers;

187} Figure 2B shows an illustration of an example zouve player baving a built-in

amplifier and connected to external speakers;

{88} Figure ZC shows an illustration of an exampic zone player connected to an A/V

recetver and speakers;

1694 Figure 3 shows an illustration of an example controller;

{816}  Figure 4 shows an internal functional block diagram of an example zone plaver;
{811}  Figure S shows an internal functional block diagram of an example controller;

{812}  Figure 6 shows an example ad-hoe playback network;

1813} Figure 7 shows a system including a plurahity of networks including a cloud-based
network and at least one local playback network;

1914} Figure 8 shows a first example flow diagram for pre-caching audio content based on
proximity detection;

{815}  Figure 9A shows a first cxample playback device with proximity sensing abilitics

for pre-caching audio content based on proximity detection; and



WO 2014/133994 PCT/US2014/018170

{816}  Figure 9B shows a second example playback device with proximity sensing abilities
for pre-caching audio content based on proximity detection.

817 In addivion, the drawings are for the purpose of illustrating example embodiments,
but it is understood that the inventions are not Himited to the arrangements and mstrumentality

shown in the drawings.
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BETAILED DESCRIPTION

Overview

{818] Embodiments described hercin may involve causing a playback device to pre-cache
audio content when the playback device determines that 3 user may be about to cause the
playback device to render the audio content. In discussions herein, the terms “pre-cache” or
“pre-caching” may refer to any form of temporary data storage such that a fiture request for
the data may be served faster. In some cases, the temporary data storage may be within a

cache, such as a CPU cache, memory cache, or a disk cache.

{8191 In one example, the playback device may have one or more sensors capable of
detecting the user’s motion m relation to the playback device. As such, if the playback device
gl 3 2 o
detocts that the user is near, or approaching the playback device, the plavback device may
= o
pre-cache audio content that the oser may wish to enjoy, such that the audio content may be

mnmediately rendered once the user chooses to render the audio.

{8261  In one case, the one or more sensors may include proximity sensors and/or motion
sensors, and moay be tnplemented such that motion or presence of a user vear a control panel
may be detected. For instance, if the user’s hand is approaching the control pancl on the
plavback device, the one or more sensors may detect the approach. Upon detecting the
approach of the hand, the playback device may determine that the user may wish to use the
control panel to cause the playback device to render audio content. In one case, the playback
device may be part of a bonded zone, and accordingly, caosing the playback device to render
audio content will cause all playback devices in the bonded zone to render the andio m

synchrony.

9211 The audio content that the user may wish to enjoy may be determined based on a

playback status of the playback device. In one example, if the playback device is aleady
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rendering audic content, such as a song from a playlist, the next song from the playhst may
be pre-cached. In another example, if the playback device was previously rendering audio
content that is paused, then the audio content previcusly being rendered may be pre-cached
beginning where the audio content was paused. In a further example, the audio content that
was previously being rendered may not be stoppable or pausable. For instance, the previously
rendered audio comtent muay be live Toternet radio that is being streamed over a network, In
such a case, access to the radio sircam may be re-established, and the radio stream may be

pre-cached beginning when the presence of the user is detected.

{6223 In other examples, the one or more sensors may further be used to determing a
motion or presence of a user near specific control panel clements. In one case, the control
panel may include 8 “play/pause” button, a “next” bution, and a “previous” button, and the
one or more sensors may be used to determine which button the user is approaching.
Accordingly, aodio content may be pre-cached based on which button the user is
approaching. For mstance, if the playback device 1s rendering audio cordent from a playback
qgueue, and an approach of the user towards the previous bution is detected, a previous audio

content in the playback queuc may be pre-cached.

8231 As mdicated above, the present application involves causing a playback device to
pre-cache audio content when the playback device deternunes that a user may be about to
causc the playback dovice to render the audio content. In one aspect, a first method is
provided. The first method involves detecting, by a proximity sensor on a playback device,
movement in relation to the playback device, responsively retrieving audio content by the
playback device from a networked audio source, prior to receiving a user conmunand to play
the audio content, and storing the audio content in memory on the playback device. The audio

content may be stored in memory in preparation for playback,
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1824]  In ancther aspect, a device is provided. The device includes a proximity sensor, a
processor, a storage memory, and a computer readable medivm having stored thercon
nsiructions exccutable by the processor to perform function. The functions include detecting,
by the proximity sensor, movement in relation to the device, responsively retrieving audic
content from a networked andio source prior to receiving a user conmnand to play the audio
condent, and storing the audio content tn the storage memory. The audio content may be

stored in memory in preparation for playback.

1825]  In s further aspect, a nop-transitory computer readable memory is provided. The
non-transitory computer readable memory has stored thereon instructions exccutable by a
processor o cause the processor to execute functions. The functions include detecting, by a
proximity sepsor on a playback device, movement in relation to the playback device,
responsively retrieving audio content by the playback device from a networked audio sowree
prior to receiving a user command to play the audio content, and storing the audio content in
memory on the playback device. The audic content raay be stored in memory in preparation

for playback.

1826]  Other embodiments, as those discussed in the following and others as can be

appreciated by one having ordinary skill in the art are also possible.

. Example Operating Environment

827 Refering now to the drawings, in which like numerals can refer to like parts
throughout the figures, Figure 1 shows an example media system configuration 100 in which
one or more embodiments disclosed herein can be practiced or implemented.

18287 By way of illusiration, the media system configuration 100 represents a home with
multiple zones, though the home could have been configured with only one zone. Hach zone,

for example, may represent a different room or space, such as an office, bathroom, bedroom,
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kitchen, dining room, family room, home theater room, wtility or laundry room, and patic. A
single zone might also nclude multiple rooms or spaces if so configured. One or more of
zone players 102-124 are shown in cach respective zone. A zone player 102-124, also
referred to as a playback device, muitimedia umt, speaker, player, and so on, provides audio,
video, and/or audiovisual output. A controller 130 {e.g., shown in the kitchen for purposes of
illustration} provides coutrol to the media system configurationt00. Contreller 130 vay be
fixed to a zone, or alternatively, mobile such that it can be moved about the zones, The media
system configuration 100 may also mehide more than one controller 130, The media system
configuration 100 illustrates an example whole house media system, though 1 is understood
that the technology described hercin is not limited to its particaedar place of application or to

an expansive system like a whole house media system 100 of Figure L

4. Example Zone Plavers

[829]  Figures ZA, 2B, and 2C show example types of zone players. Zone players 2{0,
202, and 204 of Figures 2A, 2B, and 2C, respectively, can correspond to any of the zone
players 102-124 of Figare 1, for example. In some embodiments, audio is reproduced using
only 3 single zone player, such as by a full-range player. In some cmbediments, audio is
reproduced using two or more zone players, such as by using 4 combination of full-range
players or a combination of full-range and specialized players. In some embodiments, zone
players 200-204 may also be referred to as 8 “smart speaker,” because they coniain

processing capabilitics bevond the reproduction of audio, more of which is described below.

[838]  Figure ZA illustrates zone player 200 that inchides sound producing equipment 208
capable of reproducing full-range sound. The sound may come from an audio signal that is
received and processed by zone player 200 over a wired or wircless data network. Sound
producing equipment 208 includes one or more built-in amplifiers and one or more acoustic

transducers {e.g., speakers). A built-in amplifier is described more below with respect to
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Figure 4. A speaker or acoustic transducer can include, for example, any of a tweeter, a mid-
range driver, a low-range driver, and a subwoofer. In some embodiments, zone plaver 200
can be statically or dynamically configured to play stereophonic audio, monaural audio, or
both. In some embodiments, zone player 200 is configured to reproduce a subset of full-range
sovnd, such as when zone player 200 is grouped with other zone players to play stereophomnic
audio, monaural audio, and/or surround audio or when the audio content reccived by zone

player 200 is less than full-range.

{8317  Figure 2B illustrates zone player 202 that includes a built-in amplifier to power a sct
of detached speakers 210. A dotached speaker can inclode, for example, any type of
loudspeaker. Zoue player 202 may be configured to power oue, two, OF mOre scparate
loudspeakers. Zone player 202 may be configured to communicate an audio signal (e.g., right
and left channel andic or more channels depending on its configoration) to the detached

speakers 210 via a wired path.

[832]  Figuve 2C illustrates zone player 204 that does not inclade a built-in amplifier, but is
configured to communicate an audio signal, received over a data network, to an audio (or

“gudio/video”) receiver 214 with built-in amplification.

{833] Reforring back to Figure 1, in some embodiments, one, some, or all of the zone
players 102 to 124 can retrieve audio divectly from a source. For example, a zone player may
contain a playhst or queue of audio #iems to be played (also referred to herein as a “playback
qgueue”). Each item in the queus may comprise a yniform resource identifier (URI) or some
other identifier. The URI or identifier can point the zone player to the audio source. The
source might be found on the nternet (e.g., the cloud), locally from avother device over data
network 128 {described further below), from the controfler 130, stored on the zone player
tself, or from an audic sowrce commuomicating directly to the zome player. In some

embodiments, the zone player can reproduce the andio self, send 1t to another zone player
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for reprodoction, or both where the audio is played by the zone player and one or more
additional zone plavers i synchrony. In some embodiments, the zone player can play a first
audic content (or not play at all), whife sending a second, different audio content io another

zone player(s) for reproduction.

[834] By way of illustration, SONOS, Inc. of Santa Barbara, California presently offers
for sale zone plavers referred to as a “PLAYBAR” “PLAY:S” “PLAYE)”
SCONNECTAMP,” “CONNECT,” and “SURB.” Any other past, present, and/or future zone
players can additionally or alternatively be used to implement the zone players of example
embodiments disclosed hergin. Additionally, 1t 15 understood that a zone player is not Hmted
to the particular examples tilustrated in Figures 2A, 28, and 2C or 1o the SONOS product
offerings. For example, a zone playver may include a wired or wireless headphone. In yet
another example, a zone player might include a sound bar for television. In yet another
example, a zone player can include or interact with a docking station for an Apple IPOD ™ or

sipufar device.

b, Example Controllers

18381 Figure 3 illustrates an cxample wircless controller 300 in docking station 302, By
way of illustration, controller 300 may correspond to controiling device 130 of Figore 1.
Docking station 302, if provided, may be used to charge a battery of controller 300, In some
embodiments, controller 300 may be provided with a touch screcn 304 that allows a user to
nteract through touch with the controlier 300, for example, to retricve and navigaie a playlist
of audio items, control operations of one or more zone players, and provide overall control of
the system configuration 100, In certain emboduments, any sumber of controllers can be used
to control the system counfiguration 100. In some embodiments, there may be a limit set on
the number of controllers that can control the system configuration 100, The controllers

might be wireless like wireless controlier 300 or wired to data network 128,
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{836} In some embodiments, if more than one controller is used in system 100, each
controller may be coordinated to display common content, and may all be dynamically
updated to indicate changes made from a single coniroller. Coordination can occur, for
mstance, by a controller periodically requesting a state vaniable directly or indirectly from
one or more zone players; the state variable may provide information about system 100, such
as current zone group configuration, what is playing in one or more zenes, volume levels, and
other items of interest. The state variable may be passed around on data network 128 between

zone players (and controllers, if so desired) as needed or as often as programmed.

18377 In addition, an application running on any network-enabled portable device, such as
an IPHONE™ IPAD™ ANDROID™ powered phone, ot any other smart phone or network-
enabled device can be used as controller 130, An application running on a laptop or deskiop
personal computer (PC) or Mac™ can also be used as controller 130. Such controliers may
connect to systemn 100 through an mterface with data network 128, a zone player, a wireless
router, or using some other configured conmection path. Example contreliers offered by
Sonos, Inc. of Santa Barbara, California include a “Controller 200,” “SONDOS® CONTROL)”
“SONOS® Controller for IPHONE™” “SONOS” Controler for IPADT™” “SONOSY

Controfler for ANDROID™ “SONOS® Controfler for MAC™ or PC.”

C. Exanwle Data Connection

19381 Zone players 102 to 124 of Figure 1 are coupled directly or indirectly to a data
network, such as data network 128, Controller 130 may also be coupled directly or indirectly
to data network 128 or mdividual zone players. Data network 128 is represented by an
octagon in the figure to stand out from other representative componeunts. While data network
128 is shown in a single location, it is understood that such a network is distributed in and
arpund system 100, Particolarly, data network 128 can be 3 wired network, a wircless

network, or a combination of both wired and wireless networks. In some embodiments, ong
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or more of the zone players 102-124 are wirelessly coupled to data network 128 based on a
proprictary mesh network, In some embodiments, one or more of the zone players 102-124
arc wirclessly coupled to data network 128 using 2 non-mesh topology. In some
embodiments, one or more of the zone players 102-124 are coupled via a wire to data
network 128 using Ethernet or similar technology. In addition to the one or more zone players
102-124 connecting to data network 12§, data network 128 can fimther allow access to a wide

arca network, such as the Internet,

18397  In some cmbodimenis, connecting any of the zone players 102-124, or some other
connecting device, to a broadband router, can create data network 128, OGther zone players
102-124 can then be added wired or wirelessly to the data network 128, For example, a zone
player (c.g., any of zone players 102-124) can be added to the system configuration 100 by
simply pressing a button on the zone player itscl (or perform some other action), which
enables a conmection 1o be made to data network 128, The broadband router can be connected
te an Internet Service Provider (ISP}, for example. The broadband router can be used to form
another data network within the system configuration 100, which can be used i other
applications {¢.g., web surfing). Data network 128 can also be used in other applications, if so
programmed. An example, second network may implement SONOSNET™ protocol,
developed by SONGS, Inc. of Santa Barbara. SONOSNET™ represents a secure, AES-
encrypied, peer-to-peer wircless mesh network. Ahernatively, in certain embodiments, the
data network 128 is the same network, such as a traditional wired or wireless network, used

for other applications in the houschold.

4. Example Zone Confiourations

{840F A particular zone can contain one or more zone players. For cxample, the family
room of Figure 1 contains two zone players 106 and 108, while the kitchen 1s shown with one

zone player 102, In another example, the home theater room contains additional zone players



WO 2014/133994 PCT/US2014/018170
12

to play auwdio from a 5.1 channel or greater audio sowree {e.g., a2 movie encoded with 5.1 or
greater andio channels). fn some embodiments, one can position a rone player in a room or
space and assign the zone plaver to 8 new or existing zonc via controfler 130, As such, zones

may be created, combined with another zone, removed, and given a specific name

o~
[
[ 1]

“Kitchen™), if so desired and programumed to do so with controller 130, Moreover, in some
cmbodiments, zone configurations may be dynamically changed cven after being contigured

using controller 130 or some other mechanism.

i841]  Insome embodiments, if a zone contains two or more zone players, such ag the two
zone players 106 and 108 in the family room, then the two zone players 106 and 108 can be
configured to play the same audic source in synchrony, or the two zone players 106 and 108
can be paired to play two separate sounds in left and vight chennels, for example. In other
words, the stereo effects of a sound can be reproduced or enhanced through the two zone
players 106 and 108, one for the left sound and the other for the right sound. In certain
cmbodiments, paired zone players (alse referred to as “bonded zone players™) can play audio

in synchrony with other zone players in the same or different zones.

i842]  In some embodimeonts, two or more zone players can be sonically consolidated to
form a single, consolidated zone player. A consohidated zone player (though made up of
multiple, separate devices) can be configured to process and reproduce sound ditferently than
an unconsclidated zoue player or zone players that are paired, because a consolidated zone
player will have additiopal speaker drivers from which sound can be passed. The
consolidated 7one player can further be paived with a single zone player or yet another
consolidated zone player. Hach playback device of & consolidated playback device can be set

in a conselidated mode, for example.

1843]  According to some embodiments, one can continue to do any of: group, consolidate,

and pair zone players, for example, ontil a desired configuration is complete. The actions of



WO 2014/133994 PCT/US2014/018170
13

grouping, consolidation, and pairing are preferably performed through a control interface,
such as wsing controller 130, and not by physically connecting and re-connecting speaker
wire, for example, to individual, discrete speakers to create different configurations. As such,
certain embodiments described herein provide a more flexible and dynamie platform through

which sound reproduction can be offered to the end-user.

e, Example Audio Sources

{844]  In some embodiments, each zone can play from the same audio source as another
zone of cach zone can play from a different audio source. For example, someone can be
grilling on the patio and listening to jazz music via zone player 124, while someone is
preparing food in the kitchen and listening to classical music via zone player 102, Further,
someone can be in the office listoning to the same jazz music via zone plaver 110 that is
playing on the patio via zone player 124, In some embodiments, the jazz music played via
zone players 110 and 124 is played mn synchrony. Synchronizing playback amongst zones
allows for someone to pass through zones while scamlessly {or substantially seamliessly)
listening to the audio. Further, zones can be put futo a “party mode” such that all associated

zones will play audio in synchrony.

18481  Sources of audio content to be played by zone players 102-124 are nomerous. In
some embodiments, music on 8 zone player tself may be accessed and a played. In some
embodiments, music from 2 personal library stored on a conputer or networked-attached
storage (NAS) may be accessed via the data network 128 and played. In some embediments,
Internet radio stations, shows, and podcasts can be accessed via the data network 128, Music
or cloud services that let a user stream and/or dowrdoad music and andio content can be
accessed via the data network 128, Further, music can be obtained from #raditional sources,
such as a huntable or CD player, via a line-in connection o a zone player, for example.

Andio content can also be accessed using a different protocol, such as AIRPLAY™, which s
£ 5 5
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a wircless technology by Apple, Inc,, for example. Audio content received from one or morg
sources can be shared amongst the zone players 102 to 124 via data network 128 and/or
controiler 130, The above-disclosed sources of audio content are referred to hercin as
network-based audio information sources. However, network-based audio information

sources are not Hmited thereto.

{846}  In some embodiments, the example home theater zone players 116, 118, 120 are
coupled to an audio mformation source such as a iclevision 132, In some cxamples, the
television 132 is used as a source of audio for the home theater zone players 116, 118, 120,

while in other examples audio tnformation from the television 132 can be shared with any of

the zone players 102-124 in the audio system 100,

HEA N Example fone Plavers

19477 Reforing now to Figure 4, there is shown an example block diagram of a zone
player 400 in accordance with an cmbodiment. Zone player 400 includes a network interface
402, a processor 408, a memory 410, an audic processing component 412, one or more
modides 414, an audio amplifier 416, and a speaker vt 418 coupled to the audio amplhifier
416, Figure 2A shows an cxample dlustration of such a zouve player. Other types of zone
players may not include the speaker onit 418 {(e.g., such as shown in Figure 2B} or the audio
amplifier 416 {c.g., such as shown in Figure 2C). Further, it is contemplated that the zone
player 400 can be indegrated into another component. For example, the zone player 400 could
be constructed as part of a television, lighting, or some other device for indoor or cutdoor
use.

{848}  In some embodiments, network mterface 402 facilitates a data flow between zone
player 400 and other devices on a data network 128, In some embodiments, in addition to

getiing audio from another zone player or device on data network 128, zone player 400 may
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access audio directly from the audio source, such as over a wide arca network or on the local
network. In some embodiments, the network interface 402 can further handle the address part
of cach packet so that it gets to the right destination or infercepis packets destined for the
zone player 400, Accordingly, i certain embodiments, each of the packets includes an
{nternet Protocol (1P)-based source address as well as an 1P-based destination address.

{849  In some embodiments, network interface 402 can include one or both of 2 wireless
miterface 404 and a wired interface 406, The wireless interface 404, also referred to as a radio
frequency (RF) interface, provides network interface functions for the zone player 400 to
wirelessly commuonicate with other devices {e.g., other zone player(s), speaker(s), receiver(s),
componeni(s) associated with the data vetwork 128, and so on) in accordance with a
communication protocol (e.g., any wireless standard meloding IEEE 802.11s, 802.1ib,
802.11g, 802.11n, or 8(2.15). Wireless interface 404 may inchlude one or more radios. To
receive wireless signals and to provide the wireless signals to the wireless terface 404 and
to transmit wireless signals, the zone playver 400 includes one or more antennas 420. The
wired interface 406 provides network interface functions for the zoue player 400 to
communicate over a wire with other devices in accordance with a compumication protocol
(e.g., TEEE 802.3). In some cmbodiments, a zone player includes nwiltiple wircless 404
wterfaces. in some embodiments, a zone player includes muktiple wired 406 interfaces. In
some embodiments, a zone plaver includes both of the interfaces 404 and 406. In some

embodiments, a zone player 400 inclades only the wireless interface 404 or the wired

mnterface 406,

1858]  In some embodiments, the processor 408 is a clock-driven clectronic device that is
configured to process input data according to instructions stored in memory 410, The
memory 410 18 data storage that can be loaded with one or more software module(s) 414,

which can be exccuted by the processor 408 to achieve certain tasks. In the dlustrated
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embodiment, the memory 410 13 a8 tangible machine-readable medhum storing instructions
that can be exccuted by the processor 408, In some embodiments, a task mught be for the
zone player 400 to retrieve audio data from another rone player or 2 deovice on a network
(e.g.. vsing a wniform resowrce locator (URL) or some other identifier). In some
embodiments, a task may be for the zone player 400 to send audio data to another zone player
or device on a network, In some embodiments, a task may be for the zone player 400 to
synchronize playback of audic with one or more additional zone players. In some
embodiments, a task may be to par the zone player 400 with one or more zone players to
create a muiti-channel andio covironment. Additional or alternative tasks can be achieved via

the one or more software module(s) 414 and the processor 408,

{851}  The audio processing component 412 can include one or more digitai-to-analog
converters (DAC), an audio preprocessing component, an audio enhancement component or a
digital signal processor, and so on. In some embodiments, the audio processing component
412 may be part of processor 408, In some cobodimends, the audio that is retrieved via the
network interface 402 is processed and/or mtentionally altered by the audio processing
component 412, Further, the audio processing component 412 can produce analog sudio
signals. The processed analog audie siguals are then provided fo the audio amplifier 416 for
play back through speakers 41¥%. In addition, the audio processing component 412 can include
circaitry to process analog or digital signals as inputs to play from zone player 400, send to
another zone player on a network, or both play and send to another zone player on the
network. An example input inchides a linc-in comnection (e.g., an auto-detecting 3.5mm

audio line-in connection).

18821  The andic amplifier 416 is a device(s) that amplifies audio signals to a level for
driving one or more speakers 418, The one or more speakers 418 can include an individual

transducer (e.g., a “driver”) or a complete speaker system that mclodes an enclosure
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mchiding one or more drivers. A particular driver can be a subwoofer (e.g., for low
frequencies), a nud-range driver {(e.g., for middle frequencies), and a tweeter (e.g., for high
frequenciesy, for example. An enclosure can be sealed or ported, for example. Each

transducer may be driven by its own individual amplifier.

{8531 A commercial example, presently known as the PLAY 5™ is a zone player with a
built-in amplifier and speakers that 13 capable of retrieving audio directly from the source,
such as on the Internet or on the local network, for example. In particular, the PLAY 5™ s g
five-amp, five-driver speaker system that includes two tweelers, two mid-range drivers, and
one woofer, When playing audic content via the PLAY:S, the left audio data of 2 track is sent
out of the left tweeter and loft mid-range driver, the right audio data of a track is sont out of
the right tweeter and the right mid-range driver, and mono bass is sent out of the subwoofer.
Further, both mid-range drivers and both tweeters have the same equalization {or
substantially the same equalization). That is, they are both sent the same frequencies but from
different channels of audio. Audio from Internet radio stations, online music and video
services, downloaded music, analog audio inputs, television, DVD, and so on, can be played

from the PLAY 5™,

iv. Example Controlier

{834} Refeming now to Figuve S, there is shown an example block diagram for controller
500, which can correspond to the contrelling device 130 in Figure 1. Controller 500 can be
used to facilitate the countrol of multi-media applications, avtomation and others in a system.
In particudar, the controller 500 may be configured to facilitate a sclection of a plurality of
aundio sources available on the network and enable control of one or more zone players (e.g.,
the zone players 102-124 in Figure 1) through a wireless or wired ngtwork interface 508.
According to one embodiment, the wireless communications 1s based on an industry standard

{e.g., infrared, radio, wircless standards including IEEE 802.11a, 802.11b, 802.11g, 802.11n,
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R02.15, and so on). Further, when a particular audic is being aceessed via the controller 500
or being played via a zone player, a picture (e.g., album art} or any other data, associated with
the audio and/or audic source can be transmitted from a zone player or other electronic

device to controller 500 for display.

[#55]  Controller SO0 is provided with a screen 502 and an input interface §14 that allows a
user to interact with the controller 500, for example, to navigate a playlst of many
multimedia items and to control operations of one or more zone players. The screen 502 on
the controller 500 can be an LCD screen, for example. The screen 500 communicates with
and is commanded by a screen driver 504 that is contrelled by a microcontroller (e.g., a
processor} 506, The memory 510 can be loaded with one or more application modules 512
that can be exccuted by the microcontroller 506 with or without a user input via the user
wnterface 514 to achieve certain tasks. In some embodiments, an application module 512 is
configured to facilitate grouping a nummber of selected zone players into a zone group and
synchronizing the zone players for audio play back. In some embodiments, an application
module 512 is configured to control the audio sounds {e.g., volume) of the zone players in a
zone group. In operation, when the microcontroller 506 execuies one or move of the
application modules 512, the screen driver 504 gonerates control sigoals to drive the screen

502 to display an application specific user interface accordingly.

1#56]  The controller 500 includes a network interface 508 that facilitates wired or wireless
conumunication with a zone player. In some embodiments, the commands such as vohime
control and audio playback synchromization are sent via the network interface S08. In some
cmbodiments, a saved zone group configuration is fransmitted between a zone player and a
controller via the network interface SO08. The controller S80 can control one or more zone
players, such as 102-124 of Figure 1. There can be mwore than one controller for a particular

system, and cach controlier may share common nformation with anocther controlier, or



WO 2014/133994 PCT/US2014/018170
19

retrieve the common information from a zone player, if soch a zone player storves
configuration data {e.g., such as a state variable). Further, a controller can be integrated into a
zone player.

™

16570 It should be noted that other network-enabled devices such as an IPHON ETM) IPAD
or any other smart phone or network-enabled device {e.g., 2 networked computer sach as a
PC or MAC™) can also be used as a controller to interact or control zone players in a
particular enviromeent. In some embodiments, a software application or upgrade can be

downloaded onto & network-enabled device o perform the functions described herein

{858F  In certain embodiments, a user using the controlier 500 can creale a zone group
mchiding at least two zone players. The zone players in the zone group can play andio in a
synchronized fashion, such that all of the zone players in the zone group play back an
identical audio source or a list of identical audio sources in g synchronized manner such that
ne {or substantially no) aodible delays or hiccups are to be heard. Similarly, in some
embodiments, when a user increases the audio volume of the group from the controller 500,
the signals or data of increasing the audic volume for the group are sent 1o one of the zone

players and causes other zone players in the group to be increased together in volume.

{8891 A aser via the controller 500 can group zone players into a zone group by activating
a “Link Zones” or “Add Zone” soft button, or de-grouping a zone group by activating an
“Unlink Zounes” or “Drop Zouve” button. For example, one mechanism for ‘joining’ zone
players together for audio play back is to hink a number of zone players together to form a
group. To bink a munber of zone players together, a user can manually link each zone player
or room one after the other. For example, assume that there is a nwilti-zone system that
inciudes the following zones: Bathroom, Bedroom, Den, BHning Room, Family Room, and

Foyer.
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[86B] In certain embodiments, a user ¢an hink any number of the six zone playvers, for

example, by starting with a single zone and then manually hnking each zone to that zone.

{8611  In certain embodiments, a set of zones can be dynamically hnked together using a
command o create a zone scenc or theme (subsequent to first creating the zone scene). For
nstance, a “Morning” zone scene command can link the Bedroom, Office, and Kitchen zones
together in one action. Without this single command, the user would manually and
ndividually link each zone. The single command may include a mouse click, a double mouse
click, a button press, a gesture, or some other programmed action. Other kinds of zone scenes

can be progranmmmed.

18621  In certain ombodiments, a zone scene can be triggered based on time (¢.g., an alarm
clock function). For instance, a zone scene can be set to apply at 8:00 am. The systern cag
{ink appropriate zoncs automatically, sct specific music to play, and then stop the music after
a defined duration. Ahhough any particular zone can be triggered to an “On” or “Off” state
based on time, for example, a zone scene enables any zone(s) Hnked 1o the scene to play a
predefined andio {e.g., a favorable song, a predefined playlist) at a specific time and/or for a
specific duration. If, for any reason, the scheduled music failed to be played (c.g., an empty
playlist, no conmection to a share, failed Universal Plug and Play (UPnP), no Inteme
connection for an Internet Radio station, and so on), a backup buzzer can be programmed to

sound. The burzer can include a sound file that is stored in a zone player, for example.

Y. Example Ad-Hoc Network

18#63F  Certain particular cxamples are now provided in connection with Figure 6 {o
describe, for purposes of illustration, certain systems and methods to provide and facilitate
connection to a playback network. Figure 6 shows that there are three zone players 602, 604

and 606 and a coniroller 60¥ that form a network branch that is also referred to as an Ad-Hoc
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network 610. The network 610 may be wircless, wired, or a combination of wired and
wireless. In general, an Ad-Hoc {or “spontancous”) network is a local area network or other
small network in which there is gencrally no one access point for all traffic. With an
gstablished Ad-Hoc network 610, the devices 602, 604, 606 and 608 can all communicate
with cach other in 8 “peer-to-peer” style of commumication, for example. Furthermore,
devices may join and/or leave from the network 610, and the vetwork 610 will automatically
reconfigure itself without needing the user to reconfigure the network 610, While an Ad-Hoc
network is referenced in Figure 6, it 1s understood that a playback network may be based on a

type of network that is completely or partially different from an Ad-Hoce network,

18#64]  Using the Ad-Hoc network 610, the devices 602, 604, 606, and 608 can share or
exchange one or more audio sources and be dynamically grouped to play the same or
different audio sources. For example, the devices 602 and 604 are grouped to playback one
piece of music, and at the same time, the device 606 plays back another piece of music. In
other words, the devices 602, 604, 606 and 608, as shown i Figure 6, form a HOUSEHOLD
that distributes audio and/or reproduces sound. As used herein, the torm HOUSEHOLD
{provided in uppercase letters to disambiguate from the user’s domicile) is used to represent a
collection of networked devices that are cooperating 1o provide an application or service. An
instance of a HOUSEHOLD is identified with 2 houschold 610 {or houschold identifier),

though a HOUSEHOLD may be identified with a different ares or place.

[#65]  In certain oembodiments, a household identifier (HHID) is a short string or an
dentifier that 15 computer-generated to help ensure that it is umique. Accordingly, the
network 610 can be characterized by a wnigque HHID aond a unique sct of configuration
variables or parameters, such as channels {e.g., respective frequency bands}, service set

identifier {SSID) (a sequence of alphanumeric characters as a name of a wireless network),
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and WEP keys (wired equivalent privacy or other security keys). In certain embodiments,

SSTD is set 1o be the same as HHID.

{866]  In certain embodiments, each HOUSEHOLD includes two types of network nodes:
a conirol point (CP) and a zone player (ZP). The conirol point conirols an overall network
setup process and sequencing, including an automatic generation of required network
parameters {e.g., WEP keys). T an embodiment, the CP also provides the wuser with 2
HOUSEHOLD configuration user intertace. The CP function can be provided by a computer
runming a3 CP application module, or by a handheld conirolier {e.g., the controlier 30%) also
runmng a CP application module, for example. The zone player is any other device on the
network that is placed to participate in the avtomatic configuration process. The ZF, as a
notation used herein, includes the controller 308 or a computing device, for example. In some
embodiments, the functionality, or certain parts of the functionality, in both the CP and the

ZP are combined at a single node (e.g., a ZP contains a CP or vice-versa).

{8677  In certain embodiments, configuration of a HOUSEHOLD mvolves multiple CPs
and ZPs that rendezvous and establish a known configuration such that they can use a
standard networking protocol {c.g., IP over Wired or Wireless Ethernet) for communication.
In an embodiment, two types of networks/protocols are employved: Ethernet 802.3 and
Wircless 802.11g. Interconnections between a CP oand a ZP can use cither of the
networks/protocols. A device in the systom as a member of a HOUSEHOLD can counect to

both networks simultancously.

i#868] In an environment that has both networks in use, it is assumed that at least one
evice in a system is connected to both as a bridging device, thus providing bridging services
etween wired/wircless networks for others. The zone player 606 in Figure 6 is shown to be

connected to both networks, for example. The connectivity to the network 612 is based on
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Ethernet and/or Wireless, while the comnectivity to other devices 602, 604 and 608 is based

on Wireless and Ethernet if so desired.

1869] 1t 15 understood, however, that in some embodiments each zone player 606, 604,
602 may access the Internet when retrieving media from the cloud (2.g., the Internet) via the
bridging device. For example, zone player 602 may contain a uniform resource locator (URL)
that specifies an address to a particular audio track in the cloud. Using the URL, the zone
player 602 may retrieve the audio track from the cloud, and ultimately play the audio out of

Ong OF More zond players,

Vi Example System Conficuration

{878F  Figurc 7 shows a system mcluding g plurality of networks including a cloud-based
network and at least one local playback network., A local playback network melades a
phuirality of playback devices or plavers, though #t is understoed that the playback network
may contain only one playback device. In certain embodiments, cach player has an ability to
retrieve its content for playback. Control and content retrieval can be distributed or
centralized, for example. foput can mmeclude streaming content provider nput, third party
application input, mobile device input, user tput, and/or other playback network nput into

the cloud for local distribution and playback.

{8717 As illustrated by the example system 700 of Figure 7, a plurality of content
providers 720-750 can be connected to one or more local playback networks 760-770 via a
cloud and/or other network 710, Using the cloud 710, a oultimedia audio system server 720,

3 mobile device 730, a third party application 740, a content provider 750 and so on can
provide multimedia content (requested or otherwise) to local playback networks 768, 770,

Within each local playback network 760, 770, a controller 762, 772 and a playback device

764, 774 can be used to playback audio content.
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V. Example Method for Pre-cachine Audio Content

1872]  As discussed above, embodiments are described hercin that may cause a plavback
device to pre-cache audio content in anticipation of user-input 1o cause the playback device to
render the audio content. The pre-caching of the audio content may provide a smoother, more
mmediate response to a user input to cause the audio content to be rendered, thereby
enhancing the user experience. In one example, the playback device may mcelade one or more

seusors configured to detect a presence of a user within a vicinity of the playback device, and

discussed in the following, different embodiments for delecting the presence of the user and
pre-caching of the audio content may be implemented. Further, different embodiments for

determining the audio content to be pre-cached will also be discussed.

18731 Figure 8 shows a first example flow diagram 800 for pre-caching audioc conient
based on proximity detection, in accordance with at least some embodiments described
herein. Method 800 shown in Figure 8 presents an embodiment of a method that could be
used in the environments 100, 600, and 700 with the systeras 200, 202, 204, 300, 400, and
500 for example, in communication with one or more devices, such as those illustrated in
Figires 2-S. Method 800 may include one or more operations, functions, or actions as
iHustrated by ovne or more of blocks 802-810. Although the blocks are illustrated in sequential
order, these blocks may also be performed in paraliel, and/or in a different order than those
described herein. Also, the various blocks may be combined into fewer blocks, divided into

additional blocks, and/or removed based upon the desired implementation.

1874]  In addition, for the method 800 and other processes and methods disclosed herein,
the flowchart shows functionality and operation of onc possible implomentation of present
embodiments. In this regard, each block may represent a module, 2 segment, or a portion of

program code, which mcludes onc or more instructions executable by a processor for
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implementing specific logical fumctions or steps in the process. The program code may be
stored on any type of computer readable medium, for example, such as a storage device
including a disk or hard drive. The computer readable medivm may include nou-transitory
computer readable mediom, for example, such as computer-readable media that stores data
for short periods of time like register memory, processor cache and Random Access Memory
{(RAM). The computer readable medium may also mclude nou-transitory media, such as
secondary or persistent long term storage, like read only memory (ROM), optical or magnetic
disks, compact-disc read only memory (CD-ROM), for example. The computer readable
media may also be any other volatile or non-volatile storage systems. The computer readable
medium may be considercd a computer readable storage medivm, for example, or a tangible
storage device. In addition, for the method 300 and other processes and methods disclosed
herein, each block i Figure 8 may represent circuitry that is wired to perform the specific

logical functions in the process.

1878] At block 802, the method 800 involves detecting, by one or more sensors on a
playback device, movement in relation to the playback device. In one example, the one or
more sensors may inchude a proximity sensor configured to detect an approaching movement
toward the playback device, such as when a user approaches and/or reaches a band toward the
playback device. In one case, the proximity sensor may be a capacitive sensor. In other cases,
the proximity sensor may also be implemented vsing other sensing technologies, such as
mfrared (IR) sensing technology and optical sensing technology, for example. In some
instances, the onc or more sensors may be parts of a sensing module configured to interact
and communicate with one or more processors in the playback device. As sensing
technologies continue to develop, further sensing technologies that may not currently be

available may also be used to inplement the proximity sensor.
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1876} In some cases, one or more different types of proximity seunsors may be
mmplemented on the playback device to detect movements within different ranges of distances
from the playback device. For instance, 8 capacitive proximity sensor may be used for
detecting movement close to the playback device, while an IR proximity sensor may be used
for detecting movement farther from the playback device. In some cases, more than one
proximity sensor may be implemented to provide a robust detection method. For example, &
combination of a capacitive sensing device and an infrared sensing devices may be used

together.

18777 Figure 9A shows a first example playback device 902 with proximity sensing
abilitics 904 for pre-caching audio contont based on proximity detection. The playback
device 902 may be a system similar to any of the playback systems proviously discussed in
connection to Figure 1, Figures 2A-C, or Figure 4. In one example, the playback device 902
may be a stand-alone zone player in a network of zone playvers. Tn another exanple, the
playback device 902 may be a part of a bonded zone, such as a consolidated player or a sterco
pair, for example. In the case the playback device 902 is a part of a bonded zone, the
playback device 902 may be either a primary (or “mam”™) zone player or a secondary {or

“satellite”) zone player of the bonded zoue.

19781 As shown in Figure 94, the playback device 902 includes an example control pancl
506, with a “play” button, a “volume up” button, and 3 “volume down” button. Other
variations of the control panel 906, with other fimetional buitons are also possible. Also
shown i Figure 9A is an example user 908 approaching the playback device 902, The
approach of the user 908 may be detected by the proximity sensing abiliies 904 of the
playback device 902. In one example, as indicated previously, the playback device 902 may
mehide one or more sensors implemented and configured to detect movement relative to the

playback device 902. For instance, the one or more sensors may be configured to detect an
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approach of the aser 908 toward the playback device 902. In one case, the one or more
sensors may be configured to specifically detect movements in relation to a particular part of
the playback device 902, such as the control pancl 906, In this case, the proximity sensing
abilitics 904 of the play back device 902 may detect an approach of the user 908 toward the

control panel 906.

{879]  Further, in another example, the one or more sensors may be implemented and
configured to specifically detect movements in relation to more than one particular part of the
playback device. Figure 9B shows a second exampie playback device 952 with proximity
sensing abilities 954a and 954b for pre-caching aoadio content based on proximity detection.
As shown, the playback device 952 includes a control panel 956 with a “play” button,
“volume up” button, “volome down™ button, “back” button 9703, and “forward” button 970b.
In this case, sensors of the playback device 952 may be configured such that sensing abilitics
$54a detect movements in relation to a first side of the control panel 956, and sensing
abilitics 954b detect movements in relation to a second side of the control panel 956, As
shown, the first side of the control panel 956 may be the side of the control pancl 956 that the
back button 970a is located, and the second side of the control panel 956 may be the side of

the control panel 956 that the forward button 970b is located.

198067  As suggested previously, the seosors of a playback device, such as playback device
S02 or 952 may further be configured to determine movement in relation to the playback
device at different distance ranges. In one example, the playback device may inclade a
control interface provided on a touch-sensitive graphical display. The contvols available
through the control interface may be similar to those shown on the control pancls 906 and
856 of the playback devices 902 and 952, respectively. In such an example, the playback
device may be configured to only display control options on the graphical display if the

playback device, based on proximity detection, determines that a user is within a general
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viciity of the playback device, from which the vser may view the graphical display and see
the control options. In another case, the buttons of the control panel may be back-Iit buttons
that are configured to only light up if the playback device determines that the user is within
the general vicinity of the playback device. In cither case, upon displaying the control options
on the graphical display or highting up the control panel buttons, the playback device may
then detect movement in relation to the playback device to determine if the user is further
approaching, or reaching foward the playback device, specifically the control interface of the
playback device, or even more specifically, a particular control option button displayed on

the interface,

1881  If the playback device determines, based on detected movements of the user, that
the user may be approaching the playback device {o enter a playback related command (such
as play, forward, or backward, for example), the playback device may begin to pre-cache
aundio content that the user may wish to cause the playback device to render via an anticipated
command joput. At block 804, the method 800 nvolves retrieving audio contenmt by the
playback device i response to the detected approach of the user and prior to receiving a

command from the user to play the audio content.

18821  In one case, the audio content may be retrieved from a local audio source, such as a
iocal storage memory of the playback device. In another case, the audio content may be
retrieved from a networked audio source. The networked audic sources may be a storage
memory accessible over a local network, such as a network drive, or a storage memory of
another playback device accessible by the playback device over the local network, The
networked audic source may also be part of a cloud network, such as the cloud 710 as
described above in connection to Figure 7. In such a case, retrieving the audio content may

mvolve accessing the audio content over the network.
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{8831  Retrieving aodio content by the playback device may also involve determining the
audio content to be retrieved. In one example, the audio content to be vetricved may be
determined based on g current playback mode of the playback device. As such, retrieving
andio content may also involve determining the current playback mode of the playback
device, and responsively determining the audio content to retrieve based on the current

playback mode of the playback device,

{884}  In one case, the playback device may not currently be rendering any audio content.
For instance, the playback mode of the playback device may be that of a paused playback in
which audio content that was previously being rendered has been paused. Referring back to
the control pancl 906 of the playback device 907 of Figure 9A, potential foputs from the user
S0% that may affect the playback mode of the playback device may include “play” {or
“resume,” in the case playback has been paused). In this case, the playback device 962 may
determine that the andio content to retrieve for pre-caching may be the audio content that was

previously being rendered.

{8881 In one example, the audio conterd that was previcusly being rendered may be #
music track, and retrieval of the audic content may begin at the point in the audio content
where the audio content was previously paused. In another example, the audio content that
was previously being rendered may be a hive radio stream accessed over the network. In this
case, reiricval of the audio content for pre-caching may involve re-cstablishing an access to

the live radio stream.

[886] In another instance, the playback device 902 may not be rendering any audio
confent because a previously rendered audio track ended, or a playlist or playback gueue has
concluded {and a “repoat” option, if available, for rendering the playlist or playback queue is
not active). In one case, the audic content to retrieve for pre-caching may simply be the

playlist or playback queue of which rendering had previously concluded. In ancther case, a
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favorite playlist, favorite song, or favorite live radio stream may be retrieved for pre-caching.
In this case, the favorite playlist, song, or live radio stream may be one that has been rendered

the most time by the playback device.

{8877  In veot another instance, the playback device may record audio content rendering
patterns of the playback device and retrieve audio content according to the recorded patterns.
For example, if the user regularly uses the playback device 1o enjoy classical musie accessed
through a particular classical music radio stream on Sunday evenings, then on Sunday
cvenings, the playvback device may cstablish access to the particular classical music radio
stream in response to the detected approach of the user. Other tmplementations of varying
complexitics and sophistication may also be possible for determining audio content 1o be

retricved.

{888}  In another case, the current playback mode of the playback device may be a
rendering of a song in a playlist or a quene. In this case, if the playback device has a control
panel similar to the control panel 956 of the playback device 952 shown in Figure 9B,
potential mputs from the user may include puts o pause o7 stop the rendering of the song in
the playiist, skip forward to the next song in the play list, restart the song corrently being
rendered, or return to the previous song being rendered. As such, the next song and the
previous song may be candidates for pre-caching. In one instance, the previous song and the

next song may both be vetrieved for pre-caching.

188%9]  As described above, the playback device 952 may include sensors configured to
detect movements in relation to different locations on the control panel 956. As shown in
Figure 98, the scnsing abilities 9542 moay detect movement in relation to the back button
G70a, and the sensing abilitics 954b may detect movement in relation o the forward button
870k, Accordingly, the playback device 952 may determine whether a user 958 is reaching

toward the back button 970a or the forward button 970b. If the user 958 1s determined as
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reaching toward the back button 970a, the previous song may be retrieved. Analogously, if
the user 938 is determined as reaching toward the forward button, the next song may be
retrieved. If the sensing abilitics 954a and 954b arc unable to determine with a level of
confidence, which button the user is reaching toward, the previous song and the next song

may both be retrieved for pre-caching, as suggested above.

{898]  Upon determining the audio content to be retrieved and subsequently retrieving the
aundio content, the playback device may then pre-cache the retrieved audio content. At block
806, the method 800 involves storing the audio content in memory on the playback device. In
one example, the memory on the playback device may include a cache for temporary storage
of data such that a future request for the data may be sorved faster. As such, the audio content
in this case may accordingly be “cached” in the memory of the playback device such that the
audio content will be readily available if requested, thereby responding to a user command
for the playback device to vender the audio content faster. In one example, up to 128 kilo-
bytes of the memory reay be used to cache the audio content. In some cases, 128 kilo-bytes
may store three or more seconds of audio content, depending on the sampling characteristics

of the audio content.

{6911  In the case that the remrieved aundio content is a music track, a portion {e.g. the first
128 kilo-bytes, or first three seconds or so) of the andio content may accordingly be pre-
cached in anticipation of a user command to cause the music track to be rendeored. In one
example, the portion of the music track may be stored until a user command is received by
the playback device to render either the pre-cached music track or different audio content. If
the received user comamand causes the playback device to render the pre-cached music track,
then the music track may be rendered as will be discussed later in connection to blocks 80%

and 810, If the user commanded causes the playback device to render different audio content,
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then the pre-cached music track may be discarded, and the different audio content may be
retrieved for rendering.

1892] o ancther example, the portion of the music track may be stored until any user
command is received, whether or not the user command causes any changes in the playback
mode of the playback device. For instance, in the case that the playback device is abready
rendering audic content, the approach of the user towards the playback device may be to
adjust 8 playback volume of the audio content. As such, the pre-cached music track may no
longer be applicable to why the user approached the playback device once the user command
has been received. In a further example, if no user comumand is received, the portion of the
music frack may be stored uniil the playback device, using the one or more semsors,
determines that the user is no longer within a vicinity of the playback device. In other
examples, the portion of the music track may be stored fndefinitely, or for a predetermined
duration of time if no user covunand is received.

{8937  The above discussed cxampic storage durations may alse be implemented for other
determined and retrieved audio content such as live radio streams, as previously discussed.
However, because the conterd of a Hive radio stream changes as tirae goes by, the pre-cached
portion of the live radio stream may no longer be current to the five content of the live radio
stream if @ user command to cause the live radio stream 1o be rendered is not received shortly
after the portion of the live radio stream is stored. As such, in the case the determined audio
content is a live radio stream, the playback device may be configured to retrieve new portions
of the live radio stream to be stored periodically at a specific time interval. As with the
example storage duration discussed above, the periodic pre-caching of the hive radio stream
may be performed until a user command 15 received, untd the predetermined duration of time
has expired, or until the playback device determines that the user is no longer within the

vicinity of the playback device.
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[884]  As discussed thus far, pre-cached audio content includes portions of audio content
that the playback device determined as what the user approaching and/or reaching for the
playback device may plan o cause the playback device to render. At block 808, the method
800 involves receiving a user command to render the pre-cached audio content, and at block
810, the method 800 involves rendering the audio content. In one case, the user may press a
button as aunticipated by the playback device, whether it be the play button, back button, or
forward button as discussed above. The playback device may then render the pre-cached
audio content accordingly, m response to the user command. In this case, becaunse the audio
content is pre-cached, rendering of the audio contend may begin soouer than if the playback
device bogan retrieval of the audio content afier receiving the user command. As such, the
pre-caching of the audio content may provide a smoother, more immediate response to a aser

command to cause the audio content to be rendered, thereby enhancing the user experience.

[895]  As discussed previously, the playback device may be part of a bonded 7one or zone
group. In such a case, the pre-caching of the audio content for smoother playback may be
performed by cach playback device in the bonded zone or zone group when an approach or
presence of a user toward any of the playback devices (or control panels of any of the
playback devices) in the bonded zone or zone group 18 detected, such that rendering of the
audio content may occur immediately in g synchronized manner. In another example, the pre-
caching of the audio content may be performed by a single playback device and distributed to
the playback devices of the bonded zone or zone group when an approach or presence of 4
user toward any of the playback devices or control panels of any of the playback devices in

the bonded zone or zone group is detected.
VI, Conclusion

{886}  The descriptions above disclose various example systems, methods, apparatus, and

articles of manufacture mchuding, among other components, firmware and/or software
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executed on hardware. However, such examples are merely illustrative and should not be
considered as Limiting. For example, it 15 contemplated that any or all of these firmware,
hardware, and/or software components can be embodied exclusively in hardware, exclusively
i software, exclosively i firmware, or n any combination of hardware, software, and/or
firmware. Accordmgly, while the following describes example systems, methods, apparatus,
and/or articles of manufaciure, the examples provided are not the only way(s) to taplement

such systems, methods, apparatus, and/or articles of manufacture.

18971 As indicated above, the present application invelves causing a playback device to
pre-cache audio content when the playback device determines that a user may be aboot to
cause the playback device to vender the audio couvtent. In one aspect, a fust method is
provided. The first method involves detecting, by a proximity sensor on a playback device,
movement in relation to the playback device, responsively retrieving andio content by the
playback device from a networked andio source, prior to receiving a user commmand to play
the audio content, and storing the audio content in memory on the playback device. The audio

content may be stored in memory in preparation for playback.

18981  In another aspect, a device is provided. The device includes a proximity sensor, a
processor, a storage memory, and a computer readable medivm having stored thercon
mstractons exccutable by the processor to perform function. The functions include detecting,
by the proximity sensor, movement in relation to the device, responsively retrieving audio
content from a networked asdio source prior to receiving a user conmmnand to play the audic
content, and storing the audio content in the storage memory. The audio content may be
stored in memory in preparation for playback.

18%9%F  In 2 further aspect, a nop-transitory computer readable memory is provided. The
non-transitory computer readable memory has stored thereon instructions exccutable by a

processor 1o cause the processor to execute functions. The functions include detecting, by a
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proximity sensor on a playback device, movement in relation to the playback device,
responsively retrieving audio content by the playback device from a networked andio sowce
prior to receiving a user command to play the audio coutent, and storing the audio content in
memory on the playback device. The andic content may be stored in memory in preparation

for playback.

[8188] Additionally, references herein to “embodiment” means that a particular feature,
structure, or characteristic desceribed in connection with the embodiment can be included in at
least one example embodiment of the invention. The appearances of this phrase in various
places in the specification are not necessarily all referring to the same embodiment, nor are
separate or alternative erobodiments mutually exclusive of other embodiments. As such, the
embodiments described herein, explicitly and implicitly understood by one skilied in the art,
can be combined with other embodiments.

{8101} The specification is presented largely n terms of illustrative environments, systems,
procedures, steps, logic blocks, processing, and other symbolic representations that directly
or indirectly rescmble the operations of data processing devices coupled to networks. These
process descriptions and representations are typically used by those skilled in the art to most
effectively convey the substance of their work to others skilled 1o the art. Numerous specific
details are set forth to provide a thorough understanding of the present disclosure. However,
it is gnderstood to those skilled in the art that certain embodiments of the present disclosure
can be practiced without certain, specific details. In other instances, well known methods,
procedures, componcnts, and circuitry have not been described in detail to avoid
gannecessarily obscuring aspects of the embodiments. Accordingly, the scope of the present
disclosure is defined by the appended claims rather than the forgoing description of

embodiments.
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181621 When any of the appended claims are read to cover a purely software and/or
firmware mmplementation, at least one of the clements in at least one example is herchy
expressly defined to inchude a tangibie medium such as a memory, BVD, CD, Blu-ray, and so

on, storing the software and/or firmware.
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CLAIMS

We Claim:

1. A method comprising:

detecting, by a proximity sensor on a playback device, movement in relation to the
playback device;

responsively retrieving audio content by the playback device from a networked audio
SOUrCe, prioy to receiving a user command to play the audio content; and

storing the audio content in memory on the playback device.

The method of claim 1, wherein the proximity sensor is a capacitive sensor.

o

3. The method of claim 1, wherein the audio content stored in memory uses at least

128K bytes of memory.

4, The method of claim 1, wherein the audio content is stored in memory indetinitely or

until a user command is received.

5. The method of claim {, wherein the audio content is retrieved periodically based on a

time mterval until a user command 1s received.

6. The method of claim 1, further comprising:
receiving a user command to play the audio content; and

responsively playing the sudio content.
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7. The method of claim 1, forther comprising:
determining a current playback mode of the playback device; and
responsively determining the audio content to retriove based on the current playback
mode.
8. The method of claim 7, wherein the current playback mode is not playing audio.
9. The method of ¢laim 1, further comprising:

determining the proximity of the movement o relation to a playback control on a
playback control interface of the playback device; and

responsively determining the audio content to retrieve based on the playback control.

10. The method of claim 9, wherein the playback control is a play button.

11, A device comprising:
proxinuty sensor;
3 Processor;
storage memory; and
a computer readable medium having stored thereon instructions executable by the
processor to cause the device to perform functions comprising:
detecting, by the proximity sensor, movement in relation to the device;
responsively retrieving audio content from a networked audio source priov to
receiving & user command fo play the audio content; and

storing the audic content in the storage memory.
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12, The device of claim 11, wherein the functions further comprise:
receiving a user command to play the audio content; and

responsively playing the audio content.

13 The device of claim 11, wherein the functions further comprise:
deternrining a current playback mode of the playback device; and
responsively determining the audio content to retricve based on the current playback

mode.

14 The device of claim 11, wherein the functions further comprise:
determining the proximity of the movement in relation to a playback control on a
playback control interface of the playback device; and

responsively deteroning the audio content 1o retrieve based on the playback control.

15. The device of claim 11, wherein the proximity sensor 18 a capacitive sensor.

16. A non-transitory computer readable memory having stored thereon instructions

gxecutable by a processor to cause the processor to gxecute functions comprising:

detecting, by a proximity sensor on a playback device, movement in reiation to the
playback device;

responsively retricving audio content by the playback device from a networked andio
souree prior 1o receiving & user comnmand to play the audio content; and

storing the audio content in memory on the playback device.
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7. The non-transitory computer readable memory of claim 16, wherein the fimetions
further comprise:
receiving a user command to play the audio content; and

responsively playing the audio content.

1&. The non-transitory computer readable memery of claim 16, wherein the functions
further comprise:

determining a current playback mode of the playback device; and

responsively determining the audio content to refricve based on the currerd playback

mode.

19, The non-transitory computer readable memory of claim 16, wherein the functions
further comaprise:

determining the proximity of the movement in relation to a playback control on a
playback control interface of the playback device; and

responsively determining the audio content to retvieve based on the playback control.

24 The non-transitory compuiter readable memory of claim 16, wherein the sudio content

1s stored in memory indefinitely or until a user command s received.
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