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(57) Abstract: A system and method for
managing adjacent channels in an adaptive
streaming environment. One or more adja-
cent channels way be detined for a client
device relative to a current streaming chan-
nel, wherein the client device is configured
to pre-fetch metadata and initialization in-
f formation for the defined adjacent channels
: based on bandwidth, conditions, buffer
| conditions, etc. When a channel 1s
changed, the client device 1s operative to
use the pre-fetched data to quickly obtain

encoded media content for rendering.
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SYSTEM AND METHOD FOR MANAGING ADJACENT CHANNELS IN AN

ADAFPTIVE STREAMING ENVIROMNMENT

CROSS-REFERENCE TO RELATED APPLHCATION(S)
This application discloses subject matter that is related to the subject matter of

the following 1S, patent application{s) (i1} 'SYSTEM AND METHOD FOR

-~

ENVIRONMENT” (Ericsson Refl Noo P4GS62-UST) Application No. 14037164,
fited September 25, 2013, in the nameds) of Christopher Phillips, Charles Hammett

Plasher, Mark Robertson, Robert Hammond Forsman and Jeoniier Anit Revnolds, each

FIELD OF THE DESCLOSURE

The present discloswre geoerally relates to conununication networks,  More
particularty, and ot by way of any limitation, the present disclosure is dirgeted to 8
system and method for managing adjacenmt channels i an adaptive streaming

-

SRVIrEnent,

BACKGROUND
Adaptive streanting s a popular means of non-traditional viden dobivery,

{e.g., from one streamn or channed to another stream or chamiel) remains a cumbersome

n
2

process i current implementations.  As such, typical adaptive streaming fechiigues do

not provide for a realistic or user-friendly “channel surfing”™ experience, thercby

negatively impacting the quality of user enjovament,

SUMMARY

The present patent disclosure 8 broadly directed o systens, methods, devices,
apparatuses and associated computer-readable media for managing and effectuating fast
channel changes {o.z., user-initiated “channel surfing™ regquests) o an adaptive

streaming enviromment, One or more adjacent channels are adaptively detined relative
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confizured to pre~-feteh metadata and initialization information for the defined adjacent
chansiels based on bandwidth conditions, bufer conditions, ete. When a channel ix
changed, the chent device iz operative o use the pre-feiched data to quickly obtain
encoded media content for rendering.

In one aspect, an embodiment of a method operative i a8 strcanming client
device disposed in an adaptive streaming environment is disclosed,  The claimed
embodinient comprises, infer alia, momforing at least a bandwidth condition relative to
a network connection or a content distribution pipe between the streaming chient device
and a content delivery network and associated streaming server svstem.  Based on the
montored conditions, one or more adjacent channels may be determmed relative o a
current sftreaming chamnel of the streaming client device.  Responstve 1o the
determination of the one or more adjscent channels, metadata mformation relative to
the one or more adjacent channels sz pre-fetched.  Responsive to the pre-fetched
metadata information, watalization wiommation for the one or more adjacent channels
i pro-feiched and stored locally on the streamiing chient dovice.  If the current
streaming channel is changed 10 a now streaming channel belonging to the one or more
adpmcent channels, the pre~fotched mutialization wmformation may be used fo foteh
encoded media content pertaining o the new streaming channel. In one variation, the

clatmed method further wcludes montorig at keast one of video huller conditions and

decoder processing conditions of the streaming client device, as well as determining the

nunber of available decoders. in another vanation, the pre-fetched metadata
information of the adjacent channels comprises one or more manifest filex poperated
cffectuating adaptive bit rate (ABR) streaming.  The adjscent channels may be
determined in a pumber of ways including, but not binufed to, as a configurable number
of consecutive channels above andior below the current channel, based on usery

favortte lists, and the fike. In a stull hurther variation, the claimed cmbodiment may

conywise pre-feiching mwedia content and mmediately decoding the pre-fetched media
confent. 1f the curvent streaming chasnel s changed 1o a new streaming channed belong
to one of the adjacent channels, the decoded media content of the adjacent channel 15
rendered promptiv fior display.

In another aspect, an embodiment of a clicnt device 13 disclosed that comprises

ane oF |ove processors, a bandwidth monitor and a8 streaming client maodiide coupled to
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the ong or more processors.  The streaming client module may be configured to

“

porform an embodiment of a method desoribed bereabove at least for purposes of

managing adjacent channels in an adaptive streanung environment.  In still Rwther

gspects, #n embodument o a son-transitory computer-readable medim confaining
instructions stored thercon is disclosed for performing one or mare embodiments of the
methods set forth above.

In a further aspect, an embodiment of & method operative at & streaming server
system disposed in an adaptive streanung eavironment s disclosed. The claimed
embodiment comprises, Mier alfc, alwavs commencing stresmning of the reguested

media content at a Kuown media stream bBoundary (.2, a sfream access point or SAF)
when a new stream of media content 15 requesied by a client device {e.g., because of 5
channel change requesty.  In ap additional or alternative vartation, the clammed
embodiment comprises disabling orror correction for transmission ol the now stream 1o
the chient device for a select period of time, and mitially transsuiting the requested
media content encoded at a sclect hit rate {e.g., the fowest bt rate possible) and

segmented fnto shortest segments possible by a sepmestter operating at the streaming

.........

In a related aspect, an emmbodiment of a streaming server system 8 disclosed
that comprises, infer alia, One O MOre provessors and an encoder coupied o the one or
more processirs that 15 operative to encode media content using multiple bit rafes. A
segnenter coupled to the one or more processors 1s contigured to segment the encoded
media content into segmenis of different size. A component is effectuated as part of
the claimed streaming server system that i configured for commencing, under confrod
of the one or more processors, streaming of media content at & SAP when 8 new stream
of media content is reguested by a client device disposed in an adaptive streaming
envirogment,  The streaming server system also comprises an cror corpection
mechamsm {e.g., a TCP-hased error correction mechasism) that 1s configured to he
selectively disabled, under control of the one or more processors, for a period of time
during mitial transmission of the now stream 1o the chient device. A further component

6 effectuated as part of the clatmed streaming server system that 13 configured for

mitially transmaiing, under control of the one o more processors, the requested media
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content encoded at a select bit rate (e g, the lowest bit rate possibie) and scgmented
uito shortost segotents possible by the sexmenier,

In a finther related aspect, an embodiment of 8 method operative in a streaming
client device for effcctuating thst chamel changes o an  adaptive stremming
enviromment 15 disclosed. The claimed embodiunent comprises, infer afia, sending a
reguest for transnussion of media content encoded at a select bit rate {e.g.. the lowest
hit rate possibic) when a new media content stream 15 requested, and demdiﬁg and
rendering the recoived media content  immediately rogardiess of a buller state
sssoviated with the chient deviee™s video butter. The clammed method further comprises
sending a reguest for streaming medis content encoded at hugher b rates during a ranmp
gp perind of time.  In an additional or alicrnative variation, the claimed method may
mchude sending a request for mitially streaming media content segmented into shorter
segments {e.g., for a specific perind of time). In another related aspect, an embodiment
of a chent device is disclosed that comprises one or more processors, a channel change
confriofler and a streaming chiont module coupled o the one or more processors. The

crform an embodiment of a moethod

described hereinabove gt feast for purposes of effectuating fast channel change reguests

in an adapiive streaming eovironment. In still further aspects, an embodument of a non-

transory  compter-readable medium condaming  mstruchions  stored  therson s
disclosed for performing one or more embodiments of the methods set forth above.

Advantages of the present mvention include, but not hinuted 1o, faciating a
gser-friendly channel swrfing experience in an adaptive streauing environmeni that is
similar o what 15 cogunonly encountered i existing TV broadeast environments, As
one or more embodiments set forth herein allow rapid changing of adapiive streaming
channels without bandwidth waste, unsatisactory vicwing condifions that can result
froin changing streaming channels are mitigated,  Fuither features of the various
embodiments are as claimed 1n the dependent claims,  Additional benefils and
sdvantages of the embodiments will be apparest in view of the foltowing deseription

and accompanying Figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodinents of the present disclosure are iHustrated by way of example, and
not by way of fimitation, in the Figures of the accompanying drawings in which fike
references mdicate stimiar elements, {1 should be noted that different references to "an®
ar "one” embodiment i this discloswre are not necessarily 10 the same embodiment,
and such references may mean at least one.  Further, when a pstticular feature,
stracture, or characteristic 15 described m connection with an embodinent, # 1s
submitted that it s within the knowledge of one skilled in the art to effect such feature,
sfructure, or characteristic m connection with other embodiments whether or not
explicitly described.

The accompanying drawings are incorporated into and form g part of the
specification o tllustrate one or more exemplary  enmbodiments of the present
disclosare. Varfous advamiages and features of the disclosure will be anderstood from
the following Detatled Description taken in connection with the appended claims and
with reference to the attached cimwi:ng F i_grmfﬁfs: 11 which:

FIG. 1 depicts an exampie streaming notwork
dehivery network wherein ong or more enbodiments of the present patent ;1‘;}[).[ jeafton
may be practiced:

FI(r. 2 depiets a diagram of example stages invobved in an  thlustrative
goquisition and rendering process for streaming video comtent for purposes of the
prosent patent disclosure;

FIGS. 3A-30 depiet examples of vartous fypes of chasnel adjacencies
gecording to one or more embodiments of the present patent disclosure;

FIG. 3D depicts & block diagram of an example streaming client device
secording to one embodiment;

FIGS. 4-6 depict floweharts with blocks relative to various steps and acts that
may fake place at a chient device according to one or more embodiments of the present
patent application;

FI:, 7 depicts a flowehart with bloeks relative to various steps and acts that
may fake place st an adaptive streamiing server system according (o one of mo

embodiments of the present patent apphicationg
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FIGS. 8-10 depicts flowcharts with blocks relative to various steps and acts that
may take place at a chiont device according fo one or more embodiments of the present
patent application; and

FICx Tl depets another embodiment of do example streanung ohient device for

purposes of the present patent application.

DETAILED DESCRIPTION OF THE DRAWINGS

In the following description, numerous specific detatls are set forth with respect
to one oF mare embodunents of the present patent disclosure. However, ot should he
pnderstood that one or more embodiments may be practiced swithout such specifw
details.  In other instances, well-known circints, subsystems, components, structures
gud technigues have not been shown in detatl m order not to obseure the anderstanding
of the example embodiments.  Accordingly, 1wil be appreciated by one skilled in the
art that the embodiments of the presenmt disclosure may be practiced without such
specific components-based details. I should be further recognized that those of
ardinary skill in the art, with the aid of the Detailed Description set forth herein and
taking reference 1o the accompanvingi drawimgs, will be able to make and use one or
more embodiments without undug experimentation.

Additionally, terms such as “eoupled”™ and “connected,” along with thew
derivatives, may be used in the following description, clains, or both. It shoudd be
anderstond that these terms are not necessarily intended as synonyms for each other.
“Coupled”™ may be used to indicate that two or swore clements, which may or may not
b m direct physical or electrical comdact with each other, co-operate or interact with

each other. “Comnected™ may be used to indicate the establishment of comnwsnication,

s

L., communicative relationship, hetween two or more clements that are coupled with
cach other, Further, in one or more example embodiments set forth herein, generally
speaking, an eloment, cosnpanent or moduke may be configured o perform a funciwn it
the element s capable of performing or otherwise structurally smranged to pertons that

function.
As used herein, a actwork element or node may be comprised of one or mo

pieces  of sorvice network  equipment, swcluding  bardware and  software  that

conununicatively mterconnects other cquipment on a nebwork {e.g., other network
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clements, end stations, efc.), and is adapted to host one or more applications or services

with respect to a ploraigy of suabscribers. Some nebwork elements may compriss

“multipke services network elements” that provide support for multiple network-based
functions (e.g.. AV media management, session control, Qo8 polioy enforcement,
bandwidth scheduling management, subscriber/device pelicy and profile management,
content provider priority policy management, streaming policy management, and the
ke m addition to providing support for mulfiple apphication services {e.2., data and

multimedia applications}. Subscriber end stations or clicnt devices may comprise any

device configured to execute, infer alia, at least one streaming chient apphication {e.g.,

an ABK streaming client application) for recetving content fromm a sircanung server ov
confent provider.  Accordmgly, such chient devices may include set-top boxes,

PVR/DVRS, workstations, laptops, nethooks, palm tops, mobile phones, smartphones,
multimedia phones, Voice Over Internet Protocol (VOIP) phones, mobile/wireless user
equipinent, high defuuiton TV forminals, portable media players, location-aware
sithseriber equipment. gaming systems or consokes (such as the Wi&, Play Station 3K,
Xbox 360K, cte., that may aceess oF conpsume content/services provided over a content
dehivery network in accordance with one or more embodiments set forth herem.
Farther, the client devices mayv also access or consume content/services provided over
troadeast networks (e.g., cable and satelide networks) as well as a puacket-switched
wide area public network such as the Infernet via suttable service provider acoess
networks, In a still further variation, the cliont devices or subsceriber end stations may
afso ac ar consame contentiservices provided on virtual private networks (VEPNs}
averlaid on {e.g., tunneled through) the Internet,

One or more smbodiments of the present patent disclosure may be implemented
psing different combinations of software f":'irmwm‘@ andSor hardware, H‘nih S OF
usiing code and data stored and executed on onge or muwe electronmie devices or nodes
{¢.2.. ot subseriber client device or end station, a setwork element, et} Such
clectronic devices may store and compumicate (internally andfor with other electronic
devices over a network) code and data using computer-readable media, such as non-
transfory computer-readable storage media (e.¢., magnetic disks, optical disks, random

TR

access memary, read-only memory, flash memory devices, phase-change memory,
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ete.}, transtiory computer-readable fransmission media {e.g., electrical, optical,
acoustical or other form of propagated sipnals — such as carrier waves, wifvared sionals,
digital signais), ete. In addition, such network cloments may typically include a set of
one o more processors coupled 0 one or more other components, such 48 one or more
storage devices {(e.g., non-fransutory machine-readable stovage media) as well as storage
database{s). user mputiouipul devices {e.g., a kevboard, a touch screen, a pointing
devige, andror a display), and network connections for effectuating signaltng andfor
bearer moedia ransoussion.  The coupling of the set of processors and other componends
may be ftypieally through one or more buses and bridges (also termed as bus
coufrollers), arranged mn any kpowsn (2.2, svaunetnic/shared mulfiprocessing) ov
heretofore unknown architectures. Thus, the storage device or component of a given
electronie device or nebwork element may be conticured 1o store code andfor data for
execulion on one or more processors of that clement, node or electronie device for
purposes of implementing one or more fechiigues of the present discloswre.

Referring now to the drawines and more particularly to FiG, 1, depicted therein
i an oxample streaming network environment 100 including a content delivery
network or content distribution network {CDNY 122 coupled to an adaptive streaming
sefver systent 102 wherein one or more embodiments of the prosent patend application
may be practiced.  For purposes of the present patent application, CDIN 122 may
comprise an overfay network architected for high-performance streaming of a variety of
digital asscts or program assets as well as serviees {hereinafter referred o as “media
content™} to  subseribers using one or more Inicraet-based  infrastruciures,
private/dedicated mirastructures or a combination thereofl In general, the terms "media
confent” or “content file™ {or, simply “conient™y as used in roference to at least some
cmbadiments of the present patent disclosure may include digital assets and program

assels such as any type of apdio/viden content or program segment, streaming or static

{¢.g., recorded ovee-the~-air free nebwork television {TV) shows or programs, pay TV

broadeast programs via cable setworks or satellte networks, free-to-sir satellite TV

shows, IPTV programs, ete.}, Over-The-Top (OTT) and video-on-demand (VOD)} or

movie-on-dentand (MOD) shows or programs, time-shifted TV (TSTV} content,  as
well as other content assets provided by content publishers, owners or providers,

including but not linuted to software files, execitable computer code or programs,
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online elkectronic games, Internet radio shows/programs, enterfainment programs,
educational programs, movies, music video programs, and the biks, that mav he
delivered using any Known or heretofore unknown streaming technologies.  Further,
VATIOUS programs or content files provided via streaming may be arranged as a
collection or assembly of channels that are specific o different subscribers, wherein
different channels may comprise media content from one or more content Sources oy
Qriginators.

By way of illustration, content may be delivered via CDN 122 using adaptive
hit rafe (ABR) streaming fechnigues and may be encoded 1o support Mierosoft®
Stiverfight®: Smooth Streaming, HTTP streaming (tor mstance, Dyvnamie Adaptive
Streaming over HTTP or DASH, HTTP Live Streanung or HLS, HUTP Dyvoamic
Streaming or HDS, ek, Icecast, and so on.  In general, the overlay architecture of
CDN 122 may include a multi-level, hierarchicallyv-orgamzed miterconnected assembly
of network servers for providing media pathways or “pipes”™ from one or twore central
distribution nodes to one of more levels of regional distribution nodes that are
or subsertbers i respective serving location areas.  In addition to such “distribution
servers” {sometimes also referred 1o as “surrogates™). CON 122 may also nclude
and/or mteroperate with various nebwork elements conficured (o offectuate request
redirection of rerouting mechanisiny as well ay related back office systems such as
subscriber management svsiems, banchwidth scheduling  svstems.  account'billing
systems and the like, that may be deploved as part of a streaming network back office
{ni specifically shown).

The streaming network environment 100 includes one or more subscriber end

stations, as iHuostrated by an example chient device or user equipment (UE) device 124

assoviated with a subscriber/custonier for consuming comtent delivered via CON 122 in
sy fvpe of number of ac echnologies includimg broadband access via wired andfor

wireless {radio} commusications.  For purposes of the present patent application, the
terms “streamung chient device™ and “client device™ may be usced synonymousty and
may comprise any UL device or appliance that in one implementation not only receives
program assets for live wviewing, playvback andior decoding the content, but alkso

aperates as 3 command console or terminal that can accept user inpuls, conunands or
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requests to mteract with a network element disposed in CDN 122 andfor the associated
streaming server systems 102 for requesting content that may be selectively rendered at
an indernal display sereen 126 andior one or more external audio/visual {A/V) devices
{not speciticaily shown). As such, the example chient device 124 may elude one or
motre streanung client modules 128 (v, an ABR streaming client) and associated
decoding functionalifies 134 depending on the streaming technologies mmplemented.
each operating m association with a processor modide 130 and video bufler memory
132 for effectuating acquisition, decading and rendering of the streamed media content.
Although not specitically shown, the chient device 124 also includes approprite user
tterfaces for viewng one or pwne elccironic program guides that list, wdentity o
otherwise show the various streaming channels the subscriber s able o recetve. Such
user uerfaces may also be contigured (0 altow the user to seroll through an ekecironi
program guide (e, channed surling), select or otherwise change a particular streaming
channel, and the ke, Further, as will be described 1n addifional detail heremnbelow, the
client devier 124 includes approprigte structures and modales for facilitating such
functionalitics as chansael surfing and channel sclection within an adaptive sireaming
network environmes,

Continuing to refer to FIG. 1, the example adaptive streanung server sysiem
FOZ may be configured 1o accept media content from Hyve sources 104A and/or statie
fitke sources 104B. In general operation, the example streaming server system 102 may
be conhigured, under the control of ong or more processors 108 execufing appropriate
program code stored in 3 persistent memory module 109, fo effectuate adaptive
streaming of content s follows.  Imitially, source media content is transcoded or
otherwise encoded with different bit rates (o .., multi-rate transcoding) using applicable
mcmﬁm{s} 136, For e‘xa:;r]:&me} a ;:sa;_rat'i-cu lar program cosntert may be transcoded into five

Mbps, by way of iHlustration). The ;‘mrti.-s.;:;_iimf conttent 18 thereiore encoded as five
different “versions”™ or “orpiats™, wherein cach bt rate is called a profile ov
representation. Reference numeral 110 refors to a collection of media streams encoded
at different bit rates by the encoder 106, A scgmentation server or segmenter 112 s
operative to divide each version of the encoded media content inde fixed duration

gments or chunks, which are fypically between two and ten scconds in duration,
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thereby penerating a plorality of chunk streams 114, One skilled in the art will
recogitize that shorter segmaents may reduce coding efiiciency whereas larger segmenis
may bopact the adaptability to changes i network throughput andfor fast changing
client behavior. Regardiess of the chank size, the sepments may be Group-of-Pictures
(GOM-aligned such that all encoding profiles bave the same segments. One or more
suttable Manifest Files are then created that deseribes the encoding rates and Universal
Resowres Loeator (URL)Y pomnters the various segments of encoded content.  In one
implementation, the Manifest File (MEF), a Delivery Format (DF) and means for
conversion romdao existing Frle Formats (FF) and Transport Streams {(T5) may he
provided by an origin server 116 as part of adaptive streams 120 fo the client deviee
124 over CDN 122, which uses HYTP 1o fetch the encoded sepments based on the
URLs,  Additionally, an error correction mechanisty 118 may also be unplemented,
eifficr a8 part of the streaming sorver svstom 102 or as a separate network element, in
order to reduce transmission errars i the end-to~-end streaming of the encoded media

confeni. I should be apparent that the error correction mechanism 118 may be

correction schemes may also be used additionally o alte :tmf_.i’vﬂiy,
Stift continuing o refer to FIG. 1, the media stream sezments received by the
chient devics 124 may be buflered, as necded, and decoded and plaved bagk (g

&>

rende md.} i sequence, either at the local display 120 or af an extemal AV device

associated with the chient device 124, The ABR streaming chient modale 128 may be
designed to select an optinu profile of each segment so as to saximize quality

without risking buftor underflow and stalling (Lo, rebuffering) of the plav-out. Each
time the chient device 124 fetches a sewment, i may choose the profile based on the
messured time to downdosd the previcus one or several segments.
It will be recopmized that changing media content (Lo, from one streaming
channel to another streaming channel) m an adhipm streaming environnent such as
the example network arrapgement 100 shown s FIGL 1 can be a cumbersome process,
especially i fast channel changing conditions.  That s because adaptive streaming
tvpically requires that appropriate video buffers be filled o certain levels before

rendermg, i addition 1o contont scgments encoded in high bit rates (1.e., “high bi rate

{F

content™) being preferred to the same content segments encoded in low bit rates (1.
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“fow bit rate content™), ete. Further, as several processing events or stages need to take
place in a sequential order before the received media content can be property rendered
(i.e.. plaved back}, changing channels can vield an unacceptable viewing expericnes
{e.g.. stultering, pfter, pixelation, ete.} because of the delays andior wterruptions
infroduced in the overall receive-decode-rendering process. Several embodiments wild
b set forth in detail hereinbelow, which relate 1o server-side processes and structures,
clienf-side processes and structures, or both, that address the fivregoing ssues,

FIG. 2 depicts a diagram of example stages mvolved in an ilhusteative streaming
media acquisifion and rendering process 200 according to an embodiment of the
present patent disclosure. As described above, a client device first obtains, receives or
otherwise gcguires cortamm metadata. e.g., manifest files, with respect to media transport
sfreams (block 2023 Based oun the mformation contained i the mantfest files, various

picces of mitialization imformation are obtained ov otherwise scquired {block 204},

Such mitialization sdormation may comprise, inter alia, Sequence Parameters Set
{SPFS), Picture Parameters Set (PPS) one or more codec headers such as, e.g., MPEG-2

sequence headers, or High Efficiency Video Coding (HEVCY headers, or AC3 (audio)
hoaders, and any data necessary to deconde at least one or more frames, or depending on
the granularity of prediction, one or more slices {which arve spatially distinet regions of
g frame that are encoded separately from other regions of that frame), andfor any
combination thercof.  Such encoded frames may comprise I-frames (Intra-coded

w

pictures), B-frames (Bi-predictive picturesy, or P-frames (Predictive  pictures).
Likewise, shees may comprise I-shices, B-slices or P-slices., Using the intialization
miormation, encoded media content or data is then obtamed or retricved (block 206)
and buffered (Z208). As appropriate levels of buiter data become available, such data is

decoded (210) and then provided to u display sereen for rendering (212), using suitable
decoder/rendering engines.

In accordance with the feachings of the present patent disclosure, at feast one or
more stages of the process flow 206 set forth above may be performed m oan
anticipatory  manner such that those process stages may be “pre-performed™.
Accordingly, cerfain basic mivrmation necessary 1o decode streaming media content is

madds readily available to an adaptive streaming client by virtue of pre-performing

some of the early process stages. As a consequernce, the adaptive streanung chient can
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promptiy stilize the already available mformation (e, “pre-fetched” information) to
guickly adjust 1o a new channel when a aser decides to serol through the channels
and/or sclect a particular channel thereafter.  In further accordance with the teachings
of the present patent disclosure, anficipatory pre-performance of corfain provess stages
as set forth m the foregoing may be toplemested for a seleet number of streaming
channels that are determined to be “adjaceni” with respect o a current streaming
channel based on predictive channel sarfing behavior, channel cateconization, adaplive
fcarming, patiern recognition, and other eritenia.

FIOS. 3A-30 depiet examples of various types of channel adjacencies
aeeording 1o one or more embodiments of the present patent disciosure.  In example
JM0A shown in FIG. 34, one or more adijacent channels may be deternuned as a
configurable pumber of consecutive channels that are above the current sireaming
channel (1) {e.gz., (1+2) channels), or as a configurable number of consecutive channels
that are below the current streaming channel (1) {e.g., (i3} chanoels), or both. In
snother embodiment, example 3008 shown m FiG. 3B ilustrates a scenario where
channels may be grouped based on content categorization.  Such categories may he

detined as user-based Mavorttes lists”, for example. Accordingly, all channels
bolonging 1o catogory X7 may be deemed fo be adigcent with respect to one another.
FIG. 30 dlustrates a scenanio where a user’s surfmg behavior pattern (S.e., Over &
period of time}d may be used to identity whether the user is likely o surf in one
direction or the other direction and then selecting adjacent channels in the direction.

Those skilled in the art should appreciate that the foregoimg sxamples of
channel adjacencies merely represent a non-exhaustive fist, as there can be numerous
variations, methodologies, determinations and schemes by which adjacency may he

:iu;'.n;plememeci Channel .as;ij:zmezim-h:::a may also be dynamically changed from default

viewiig habats, etc. It should alse be recognized that certapr channel adjacency
nnplementations may depend on how electronic program guides are organized and
presented 1o the users. Accordingly, for purposcs of at feast some embodiments of the
present patent disclosure, an adjacent channel 18 8 streaming channel for which certain
process stages shown i FHG. 2 are precmptively performed. Moreover, the number of

adjacent channels for which metadata s pre-fetched may be dependent on certain

(%
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performance/resource consiraints pertaining to the chient device itself, e.g., current

¢

handwidth condiinns, the number of avadlable decaders, buffer conditions, decods
processing conditions, and the like.
Referring now to FIG. 31 depicted theremn is a block diagram of an exampie

38 according o one embodiment wherein one or more aspecis

‘-.A.‘F

sireaming client device
of the present patent disclosure may be practiced. It should be appreciated that the
streaming chent device 350 8 a UE device that 15 gencrally representative of the
subscriber/chent device 124 illustrated i FIG. 1, and may include .::t;li#;{ﬂ‘-@-prii‘-ﬁ’fﬁ
rearrange the blocks shown as part of the client device 134, Broadly, such
hardware/software components and subsysienis may be conligured for performing any
of the device-side processes (either mdividually or m any combination thereot)
described hereinabove, which may be rearranged when faken i view of one or more

esses  described below, A processor module 302 wluding one or muore

ﬁ

proee

MICTOCOHIIQHRTS Procassors 1s prm;da.d for the overall control of the client UE devies

.........

Also, one or more video buffors 319 may be included in the mmemory subsvstem 31 for
storing video streaming data.  Controler/processor complex referred (o by referenes

pumeral 302 may also be representative of other specialty processing modules such a

s

graphic processors, video processors, digital signal processors (DSPs), and the hke,
aperating i association with suifable video and audio interfaces 314, 316 for
receivingiransntting  comtent data, which interfaces may mclade or operate in
conjunciion  with  appropriate  tuners,  demodulators, descrambiers, MPEG
decoders/domuxes. For example, the client device 330 may he configured to operate
with a number of Kaown audio formats {(e.g.. MP3, AAC, AATH, cAACY, FLAC
WMMA, WAV, AMR, OGG, DTS, AC3, LPCM and MIDD as well as video formals
sich as, ez, MPEGE, H.263, H.264, DivX, Xvibh, WMV AV, 3G0, Flash Video, elc.
A location-based andfor satellife conununications interface 346 may be provided in
certait embodiments for effectuating satelfite-based communications,  Other 170 or
miterfaces may include one or more gser iderfaces 320 generally tllustrative of 8

graphic user interface (GUTY, touch-sensitive screen, kevboard, microphone, efc., that
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may be used for mputiing commands o effectuate, inter afia, chamel surfing, channel
selection, program cuide manipulation, and the bke Additionally, one or maose
LISB/AHDMEDVETireWire ports 318 may be provided for effectuating connections 1o
one or more external AV devices wherchy the decnded media content axay be rendered
externally, Broadband network comectivity may be achieved via interfaces such as
Ethernet IV 308 as well as short-range and wide area wireless connectivity interfaces
3120 In one mmplementation of the chent device 330, a hard disk drive {HID) s

(not specibicaily shown) may be provided  for mass storage of program assets such as
AV media, TV shows, movie titles, nmutdtimedia games, eie. Also mchuded in the
chent/UE device 350 is a suifable power supply 322, which may include AC/ADC power
conversion to provide power for the device 350, b should be appreciated that the actual
power architecture for the chient Ul device 350 mav vary by the hardware platform
ased, e.g., depending upon the core SoC (System on Chip), memaory, analog front-end,
analog signad chain components and interfaces used in the specihic platform, and the
tike,

For purposes of the present patent application, the stored program instructions
embodied in the persistent memary 315 {e.p.. Flash memory) of the chient device 330
may include computer-readable instructions configured to perform one or mwore device-
sule processes, seiectively tn conjunction with other subsystems of lngewe blocks such as
ane oy more ABR streaming client and decode logic modules 3140 and other subsystems
such as a channel change controlier, bandwidth and other performance monitors, as
well as view mode and channel adiacency defermination swechanisms, all collectively
referred o by reference numerad 304, Further, an optional local or meluded display

313 may also be provided as par{ the client device 330 for rendering received content

In one aspect of the present patent ﬂiﬁféﬁ-‘li}ﬁt.‘fﬂ”& the various modules, blocks and
subsystems set forth above may be configured to effectuate efficient display of adjacent
channels through pre-fetched metadata i an adaplive streaming environment.  In
aeneral, the client device 350 may be configured to oporate in two functional modes: (1)
g “viewing” mode in which cortain data mayv be pre-fetched i addition o delivering

high quality video; and (it} a “channel changing” or “channet surfing” mode in which
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fetehing low quality ot "good enough” quality video to display rapidly changing
channels is the mam concern. The client device 3538 mayv be i "viewing” mode i no
channel is changed after ov within a configurable period of time {e.g., 30 seconds). On
the other hand, the chient device 350 may be in "channel changing” mode if the channel
has recently been chanped {(e.¢., less than 30 seconds).
At least a portion of the modules, blocks and subsvstems of the client device

350 are operable to effectuate one or more of the foilowing processes snd sub-
processes under the control of processor 302 for purposes of faciitating efficient
dispiay of adjacent streaming channels according to ong or more embodiments of the
present patent apphoation. Reforning 0 an embodiment of process 400 shown in FRa.
4, the chient device 350 may be configured to monitor current bandwidth conditions
{€.2., refative o the network connection such as connection 136 shown it FRGa 1 oas
well a8 any other distributions pipes mvelved in the end-to-end distribution path
through the CIDN) and other performance conditions, as set forth at block 402,
Rosponsive to the monitored conditinns, a determination may be made as to how many
adjacent channels for which certain metadata mivrmation is to be pre-fetched. In an
Hustrative example, i 2 Mb of bandwidth s currently available {after accounting for
whatever bandwidth 1s being utilized for the current streaning session), assunying that
each channel reguires 400 Kb of bandwidth to fefeh s metadata, a determmnation could
be made that the chent device s capable of fetching metadata for five adjacemt
channels. As described previously, various constructs of channel adjacencies may be
unplemented, neluding, e.g., user-specific or user-defined lists, operator-detined lists,
based oft program  guide  implementations, content  categories, language-based
defin iti(}n& sfatic or fixed configarations, ste.  in a predictive behavior modeling

bkely to seroll up again rather than down, for example. Accordingly, a certain mumber
of channels above the curvest channel may be deemed o be the adjacent chanmnels for
which metadata will be pre-fetched. The foregoing operations are illusirative of the
gots and functions set forth at block 404 of the process flow 400

After deformuning one of more adijacent channels {v.g., relative o a current

sireaming channell, metadata information for the adjacent channels s obtained,
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{hiock 4063 In one adaptive streamung implementation, such metadata may mmpﬁéa@
appropriate manifest fies relative 10 the cocoded media content streaming on the

sdigcert channels.  The streaming chient logic executing on the chent devies 3530 18

"t

operable to parse the pre-feiched metadata information, and responsive thereto,
determune where 1o go to obtain mmtialization mformation for the adjacent channels
{block 408}, As previously described, such mitialization mformation mav comprise at
ioast one of SPS/PPS mformation, one or more oodee headers, and the mintmum
smount of metadata necessary o decode shicesframes. Accordingly, based on the pre-
10 ferched metadata mformation, the client device 330 s further operable to pre-foteh ov
pr‘-&-é{_‘swnli}ass:i the adiacent channels” mitlalization mformation, which may be locally

red i omemory (block 408) I the curvent streaming chanpel 8 changed to a new
streaming channel belonging to the group of adjacent channels {decision block 4103,

the uuiiabization imformation for the new streanung channel {(which 13 readiivilocally

15 available because # was pre-fetched) 15 used by the client device 350 1o quickly teteh

the reguired media confent from appropriate  locations (block 414y In one
inplementation, the streamung chient fogic executing on the client device 3530 may he
confizured o reguest for only the media content that s encoded at a select bit rate, ¢.g.,

the towest bit rate, by the streaming server’s encoder. Additimatly or alternatively, the

0 chient device 350 may also request for the encoded media content that is segmented into

shaorter segments.
I there 15 no chasne! changing, the client device 350 may continue to monitor
the bandwidth conditions, buffer resources, and processing conditions so that new or

R

modified channel adjacencies may continue 1o be {rejestablished or otherwise

a3
Iy

(reddetermined (blocks 412, 402, 404). 1 the user setties mto s psrticelar channed (e,
“viewing” mode) as set forth at decision block 416, the sticaming chient logic executing
an the chent device 350 may be configured fo reguest for the media content that is
encoded at higher bif rates, pofentially going sl way to the highest bit sate profiles
possible (te., ramping up).  Additionally or alternatively, the client device 330 may
3 aldso n::qm&st for the encoded media content that 18 segmented into larger segments,
Accordingly, & should be appreciated that once the clicnt device 350 15 m “viewing”

mode, media content with highest QoS may be presented to the user relatively quickly.
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These operations ave illustratively set forth at block 418, Thereaficr, the client devics
350 mayv {re)establish or otherwise (rejdetornyne newer channel adjacencies based on
the monstored conditions as described previousiy,

One skibled m the art will recognize wpon reference hereto that by executing the
above-described pre-fetching operations, at keast process stages 202 and 204 Hlustrated
i FiG. 2 may be advantageounsiy circumvented at the hime of channel changmg,
thereby gaimning a8 “head start™ when the channel s changed.  As the media confent for
the new channel is more readily available, albe#t at low bit rate profiles and/or shovter
segments {at feast puftaliv), the decoderfrendersr enpine of the client device can
gquickiy process the media content so that at least some of the image rendering ssues
that can arise 1n a typical channel-changing streaming environment may be alleviated.

Referring now to FIGa 3, shown theredn s another embodiment of a process
flow 300 that may be implemented by a streaming client device {(e.g., chient devies 33()
having suiltiple streaming chient applications and corresponding decoders for achieving
additional efficiencies in a channel changing envirciunent. Sindar o the process flow
400 described above, the process flow 300 includes blocks 302-506 where the client
device 3530 may confinue to monitor the bandwidth conditions, buafler resources,
processing conditions, eic., so that appropriate chaone! adjacencies may be determined
and metadata and ntiabization data may be pre-fetched,  Ulsmmge the pre-feiched
utialization miormation, the chent device 358 proceeds to fetch the adjacent channely’
media content and begins to decode munediately {hlock 308).  In other words, the

client device 350 is operative 1o decode multiple streams from the adjacent channels

,r‘

paralkel (by virtue of separate streanung clients/decoders) {Le., pre-decoding), thereby
paiming an additional head start with respect fo the process stage of 210 shown in FIG.

2. 1t should be realized that early pdi“fw of media segments may comprise a “moof”

seganents are and an IR {}',:ns*t‘ﬁ:'1:1‘;11‘1«31311& Decodig Refresh) shice of the frames. At thas
poing, the rendering engine of the client device 330 has enough information to put sone

pixcls on the display sereen. Accovdingly, if the current streaming channel s changed
to one of the adjacent chanaels, the rendering engine of the client device 310 can begin
rendering immediaiely {because the pre-decoded media content is already available in

appropriate video buffers) as set forth at block 318, Thereatier, the chient device 330
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may {reestablish or otherwise {reldetermine nower channel adjacencies based on the
montored conditinns as deseribed proviousty with respect to FIG. 4,

FIG, 6 depiets a flowchart of a hagh-level channel butldup process 6040 that may
b executed by the example chent device 350 at kast relative o cortain aspects of the
present patent disclosure. At block 602, one or more lists of adjacent channels may be
built, which m some embodiments may be prioritized based on user preferences,
content provider policies, eft.  As discussed above, various pieces of data (up to and
inchuding encoded media segments, in certain implementations) may be pre-fetched for
each adipcent channel. At decision block 604, a deferpunation may be made as to
whether adjacent channe! buildup is complete, e, 1F all the necessary pre-fetching
operations for the channels determined to be adjacent have been conclu d?ﬁ-dﬁ i so, the
process flow stops {(block 606). Utherwise, pre-fetchimg/downloading operations may
confinue o be performed refative 1o the remaining adjacent channels {(block 608}

Turning now o FIG. 7, depicted theretn s 1 Hlowchart with blocks relative 1o

various steps and acts that may take place at an mhpm SEFCAMING Sorver ;s:;g.:fsl‘:em (e.,g,.ﬁ.

present patent application with respect 1o factl i’mzting fast chamnnel changes m an
adaptive strcaming environment.  In particular, process flow 700 of FIG. 7 itHustrates
various functionalifies that may be elfectuated ~ wdependentiv or 1 some cottbmation
of sub-combination thereol — by the processor complex 108 upon executing appropriate
service fopic stored m the persistent mamory 1Y and operating in conjunction with
ather subsystenis {4, encoder 100, segmenter 112, error correction 11§, ete} of the
sefver system 102, When a new stream of media content is started at the server svsiem
P02 {e.g., because of a user’s channed change request), the service logic embodied n
the persistent memory 109 may be configured to always commence stremming of the
requested media content at a specific point (block 702 such as a Stream Access Point
{SAP) which 1z a GOP randont access pomnt i the confent stream guarandeed that all
frames i the GOP are decodable. Additionally or alternatively, the service logic of the
server system 102 may be configured to disable ¢rror correction mechanisms 118 for
the transmission of the new stream to the client device 358 for a select period of time
{hlock 704} 1t will be recognized that disabling a protocol-specific error correction

mechanism may vield a non-standard protocol transmission of streaming data, but one
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without the ervor correction overhead, thereby facilitating a faster transmission rate 1o
the client device 385G It should further he apparent that the timing windows doring
which an crror correction mechanism s relaxed may be configurable or otherwise
custontizable, ez, responsive 1o reguests, conumnands, signals, efe. fran the network
and/or client device 350, {n an addifional or alternative variation, the service logic of
the server system 102 may be configured to facitate, at least imitially, only
transnussion of the media content encoded at a select it rate {e.g., iowest bt rate
possible) anddor scgmented into shortest segments by the segmenter 112, as set forth at
hlock 706. Again, the mutial pentod during which the streaming server’s functionalities
are conditionally modulated (c.g., a ramping up period) may be configurable responsive
to requests from the chient device 350 andior other control signals from network
manggement nodes.  For mstance, # o wuplementation, the error correction
refaxation period and inmtial ramip up perind may be provided to be the same, In
another implementation, the two tune periods may be different.  In a still Buther
unplementation, responsive D receiving one of more requests froin the client device
350 {e.g., messages, alarms, status ndrators, ete,), the crror correction mechanism may
b enabled or re~cnabled regardless of the entity or event that imtially disabled the error
cotrection mechanism when the new media stream was starfed.  Additonally ov

siternatively, one or more requesis from the client device 330 {e.g., URLs, pointers,

r'rﬁ

mdicators, efe.) may selectively instract the server system 102 1o begin transmitting the

(j""

media content encoded at higher bit rafes andéor n larger segments. By way of
tlustration, the clicnt device 350 may send one URL {operative as a first URL, for

example) e Swww prrplefrog. com™d/ 66X IAOU0G3 1 L mds for low bit rate media

content  and  another URL  {(operative as & sscond URIL, for exampie)
hitp: sawww. purplefrog comavid/66 3 2700003 1 Fmds Tor high bit rate media content. It

should be realized that such roquests may be generated by the chicant deviee in response

to vanous condibions, dnfer afia, bandwulth conditions, quality of the rendered video,
buffer conditions, decode processing conditions, and the Hke.  Accordingly, the
streaming functionality effectuated by the server systom 102 may be conditionally
moduiated responsive 1o the various requests as set forth at block 708,

To facibitate fast channel changes m concert with the foregoing functionalifies

“
2

of the streaming server system 102, the chient device 350 may also be contigured
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accordingly to effectuate a number of processes -~ independently or in sonw
combinatint of sub-combimation thereot,  Fi. 8 depicis a process flow RO with
blocks refative {0 various steps and acts that may take place at the client devics 350
When a media content streant s newly started (e.g., due 0 a channel change request),
the chient deviee 330 15 operative to imtiate a request for only media content that is
encoded in the lowest bit rate possible anddor in shortest segments (hlock 8023, As the
encoded media content is bemng reccived, the clicnt device 3530 may be configured to
comynence ynmediate decoding and rendering of the received media content. regardiess
of the butler state. Ax described previously wath respect to the embodmment of FRa, 5,
sch immediate decodingfrenderng 8 possible upon secgiving at least 3 sunumuom
amount of mmformation.  Additionally or alternatively, the video buller memory 319
may b prevented from being flushed durng a ramp up period. The foregoing

functionalities, ustratively set forth at block 804, may be effectuated by the channel

change controller and ndfer mwonitor 304, preferably operating tn concert with the
appropriate streaming chient 310 under the control of the processor complex 302

Depending on the bandwidth conditions, video guality, ete., the chent device 3530 may
araduatly ramp up the requested it rates and/or segment sizes (potentially reguesting

media content encoded at the highest bit rates possible and scgmented mio largest

{.

seEmenis) by generating appropriate signals to the streanung server svstenr B2, The
client device 350 18 also operative 1o send a signal or request to enable of re-enable
ervoy correction at the streanmung server systern 1032 i the ervor correction was disabled
titially.,  After the client device 358 has achieved a bit rate sutable for acceptabie
quality video {e.g., high quality), the chient device 350 behaves normally in “viewing”
mode until a new media content stream s requested. The foregoing funtctionalities are
Hlustratively set forth at block RB06. 1t should be appreciated that the various
requests/signals desoribed above may be gencrated by the chient device 330 at different
gy (Lo, asynchronous with respect 0 one another), and after expiration of
select/customizable time perinds from the time when the new stream iy started.

FI:, 9 depicts an example user viowing oxperience 900 that may be achieved
by implementing an embodiment of the streammg server system 102 and client devic
350 as set forth above., At block 902, the client device 350 (.., a streaming ANV

player) is turned on and a select channel media content s requested. At block 904, the
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requested media content begmms playving with video and audio in sync, although the
rendered content may be af a low guality. At block 906, the user chanpes the channel,
whereupon the now media content is playved with video and audio 1o syne (Mock 908},
Again, the overall quality of the now maoedia content may be low, as there away be audio
and/or visual glitches in the rendering. When the user sefties on a channel, the media
content of that channel gradually ramps up to the highest hit rate possible (potentially
within i 8 fow seconds), with the video bulfer filling up accordmgdy {blnck 912).

FIG. 10 depicts a flowchart of a high-level chanael changing process 1000 that
may be executed by the example chient device 350 at east relative o cortain aspects of
the present patent disclosure. At block 1002, a chanoel change is started, whereupon
the client device 350 intially receives a lowest quality stream (1004), The recetved
iow quabity stream 18 decoded and rendered as immediately as possible (iogk 106G6).
The bt rates, segment sizes and qguality i general are ramped up untyd
normal/accepiable quality s achieved, as st forth at blocks 1008, 1010, Thercafler,
the chient device 350 behaves normally i “viewng™ mode until 8 pew media content
stream 15 requested, as described above,

FI(. 11 depiets anther embodinient of an example streaming chient device 1104,
which is representative of a portion of the client device 330, for purposes of the present
patent appiication. A channel change controlier 1146 18 provided with conunanication
paths 1105, 1107 1o intercept, imterrupt, or otherwise control the operations relativie to g
video buffer 1104 that iz operative to store an inconmung video stream and
decoder/renderer 1108, respectively.  The decoderfrenderer 1108 iz coupled to the
video buffer 1104 via a communication path 1109 and to a display sereen 116 via g
conununication path 1114, In normal viewing operations, the decoder/renderer 1108 13
aperative to decode the buffered data when certain levels are achieved/maintained.
Example decoded data is ifustratively shows as header data 1110 and FB/P frames or
stices 1112 that may be provided to the display screen 1116 for forming uoages
thereon. B chasne! changimg conditions, on the other hand, the decoder/renderer 1108
ts torced o process the video buffer data even if there 18 ondy a minimum amount of
data.

Based upon the foregoemg Detatled Description, i should be appreciated that the

embodiments of the present disclosure can be advantageously implemented to facilitate
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channegl changing in streaming environments. By pre-fetching cerfain imfialization

data m a predictive manner, a bead start may be achieved i the overall madia
acquisition~decode-rendering process, thereby reducing the switching~induced delays
that typically give nise o an unacceptable viewing e}s‘;;taerziezme.@ Accordmgly, a channel
surfing experience simtlar to one that is commonly expecied in existing TV broadeast
envirommenis may be provided in an adaptive streaming network.

In the above-description of various embodiments of the present disclosure, 1t s
t be understood that the terminciogy used herein s for the purpose of describing
particular embodiments ondy and s not mtended 1o be limiting of the wvention. Unloess
otherwise defined, all terms (inchuding technical and scientife torms) used hergin have
the same meaning as conunoitdy understood by one of ordinary skill in the art to which
this invention belones, B will be further understood that terms, such as those defined
comunonty used dictionaries, should be infterpreted as bhaving a meaning that s
consistent with their meaning i the context of this specification and the relevant ant
snd may not be interpreted in an idealized or overly formal sense expressiv so defined
Rore.

At feast some example embodiments are described herein with reference to
block diggrams andior flowchart illustrations of compuicr-tinplemented methods,
apparatus {svstems and/or deviees) and/or computer program produets. Hs anderstood
that a block of the block diagrams andior flowehart iBustrations, and combinations of
blocks mm the block diagrams and/or Howchart tlustrations. can be implemented by
computfer prograss instructions that are performed by one or more computer circuts.
Such computer program instractions may be provided to a processor circuit of a general
purpose conmputer circuit, special purpose computer circuit, and/or other programmable
data processing circuit to produce a maching, so that the instructions, which execute via
the processor of the computer andfor other programmable data processing apparatus,
transform and control {ransistors, values stored 1 momory  locatioms, and other
hardware contponents within such circuitry to unplement the functionsdacts specified i
the block diagrams andfor flowchart block or blocks, and thereby create means
(functionality} andior structure fir implementing the functions/acts specified in the
block diagrams andfor flowchart block{s).  Additionally, the conyputer program

tnstructions may also be stored in a tangible computer-readable medium that can direct
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a computer or other programmable data processing apparatus to function in a particular
mannet, such that the instructions stored in the computer-readable modium produce an
arficle of manufacture including instructions which unplemwent the functions/acts
spectiied i the block diserams and/or flowchart block or blocks.

As stluded {0 proviously, tangible, non-transitory computer-readable medium
may inchide an electronic, magnetic, ophical, electromagnetic, or semiconductor data
sforage system, apparatus, or device, More specific examples of the computer-readabie
medium would include the followmg: a portable computer diskette, & random access
memory (RAM) circwt, a read-only memory (ROM) cirenit, an erasable programmable
read-onty memory (EPROM or Flash memory) circuif, a portable compact dise read-
only memory {(CD-ROM), and a portable digital video disc read-only memaory
(VD Ble-rav).  The computer program instructions may alse be loaded onto or
otherwise downloaded 1o a computer andfor other programmable data processing

apparatus o cause a series of operational steps to be performed on the computer and/or
other programmable apparatus 1o produce a computer-implemented process such that
the mstructions which execufe on the computer or other programmable apparatus
provide steps for mplementing the functions/acts specified in the bloek diagrmus
and/or Tlowehart block or blocks, Accordingly, embodiments of the present invention
may be embodied in hardware and/or o software {mcludimg  firmware, resident
software, micro-code, ete.) that runs on a processor such as a digital signal processor,

At

which may collectively be referred to as "circuttey.” "a moduie” or variams thereof,
Further, m af least some additional or allernative implementations, the
functionsfacts described in the blocks may occur out of the order shown i the
flowcharts. For example, two blocks shown in succession may in fact be excouted
s-.tﬁ:‘b:‘;tan;i'ia;.ﬁl?‘i}f CONCUITR H:‘E:]}? or the blocks may sometimes be executed m the reverse
s..ms_n hlock of the flowchars andfor black diagramas may be separated pdo nudtiple
blocks andfor the functionality of two or more blocks of the flowcharts andior block
diagrams may be at least partially infcgraied. Finallv, other blocks may he
sddedf/inserted between the blocks that are tllustrated. Moreover, although some of the

diagrams inchude arrows on conununication paths to show g pranary duectimn of
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conununication, it s to be anderstood that communication may occur in the opposits
divection relative to the depicted arrows,

Although various cmbodiments have been shown and described in detail, the
clainis are not fimied to any particular embodiment or exampic. None of the above
Dietailed Description should be read as implyving that any particular component,
element, step, act, or function is essential such that if must be melnded i the scope of
the claims. Refersnce o an element i the sinpuiar 18 8ot ntended to mean "one and

only oe” anless oxplicitly so stated, but rather "one or more.™ Al structural and
functtonal cquivalents o the elements of the above-deseribed embodintents that are
Knows 1o those of ordinary skiil v the art are expressiv incorporated hereinn by
reference and are intended to be encompassed by the present clatims, Accordingly,
those skilled in the art will recognize that the exemplary embodiments desertbed herein
can be practieed with variouws modifications and alterations within the spirtt and seope

of the claims appended below.
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WHAT IS CLAIMED IS:

. A method (400, 300) operative in a streaming client device (1234, 35() dsposed
tn an adaptive streaming envivonment {130}, the method (400, 300} comprising:

monitoring (4023 at least a bandwidth condition relative 0 & network
connection (136} between the streaming olient device (124, 330) and a content delivery
setwork {122}

determinmyg {404, 502) one or more adjacent channels relative to a current
sireaming channel of the streaming client dovice {124, 350)

pre-fetching (406, 304) metadata information associated with the one or moge

adjacent channels;

(408, 306} nttialization information for the one or more a.-dj acent ¢h annds and
it the current streaming channel 15 changed (410) o a8 new streaming channed
belonging o the one or owwe adicent chamnels, wsing (414} the pre-feiched

thitialization intormation to feich encoded media content pertaming o the new

streaming channel.

2. The method (400, 500} as recited in claim 1, wheremn the monttoring ($02)
further comprises monitoring at lgast one of video bufler conditions gnd decoder
processing condaions of the streaming chent dovice (124, 350),

3 The method (400, 300} as recited in claim {, wheretn the metadata information
comprises manifost information associated with the respective one of more adjacent

channels,

4, The method (400, 5003} as recited m claim 1, wherein the inilalization
information corresponding o the one or mowe adjacent channels comprises at least one
of a Sequence Paraiaeters Set (SPR), a Picture Farameters Set (PPS), oite or more coded

headers, and data necessary 1o decode shices of frames,
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3. The method (400, 500} as recited in clamm 4, wheremn the one or more codec

headers conywise at feast one of MPEG-Z sequence beaders, High Efficiency Video
Codmg (HEVC) headers, and AC3 {audio) headers.

&. The method (400, 300} as recited i claim 1, whercin the one or more adjacent
chamiels are determined as at least one of a first number of consecutive channels above
the current stresming channel and a second nuntber of consccutive channels below the
current streaming channel, and further wherein the first sumber and the second number

respectively range from  to 8 quantity based on the network bandwidth conditimt,

7. The method (400, 300} as recited 1 clam 1, wherem the one or more adjacent
channiels are determined as & group of streaming channels that belong 1 a content

category o which the aurrent streaming channed also belongs.

3. The method (400, 300} as recited i clim 1, wherein the one or more adjacent

surfng” mode when using the streamung client device {124, 350,

9, The method (4080, 30803 as rectted iy olaim 8, wheretn the "channel sarfing®
mode s ascertaimed responisive to detecting that the user has changed a plurality of

channels within a select time period,

10, The method (400, 500} as recited 1 clann 1, further comprising:

using the pre-fetched initialization information. pre~fetching (308} encoded

pre-decoding (508) the encoded media content; and
i the current streaming channel 18 changed t© 3 new streanung channel
blonging to the one or more adjacent channels, readering {(3140) the pre-decoded nedia

contont o be displaved immediately.



CA 02925364 2016-03-24

WO 2015/044870 PCT/IB2014/064783

"t

3

23

% ¢
"I

......

P, The method {400, 500} as recited in claim 10, wherein the pre-fetched media

content of the respoctive one or more adjacent chamnels comprises media content

segments encoded at & fow bif rate.

12, The method (400, 300) as rectted in clatm 11, further comprising

after determining that a wser has remained on the new streaming channel for a
select time peniod, ascertiuning (4163 that the aser is m a "viewing" moda;

sending (418} a request for streaming media content eocoded at higher bit rafes;
and

contimim o montor (302} at keast one of the bandwidth conditions of the
notwork connection {136}, video buffer conditions and decoder processing conditions,
to determune {404} ope or more additional adjacent chansels relative to the new

streaming channel.

i3 The method (4004, 500% as recited in clam 12, further comprising sending (418)

SRS,

P4, A client device {124, 3530}, comprising:
ONE O NIOS provessors (302 )
a bandwidth condition monttor {304); and
a streaming chient module (310) coupled to the one or more processors (302,
wherem the streaming chient module (310} meludes mstructions execufable by one or
more processors (3021 and configured {o;
determine (404, 502) one or more adjacent channels relative 1o a current
cliannels  being determined  responsive fo monitormg by the bandwidth
comdition monifor relative 1o a network conneetion{i30) botween the chient
device (124, 350} and a content delivery notwork (122);
pre-fetch (406, 504) metadata mformation associated with the one or

more adjacent channels;
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responsive to the pre-fetched metadata information, pre-fetch and store
(40%, 500 mitialization information for the one o more adjacent channels; and
i the current streaming channel is changed {0 a now streaming channed
(418, use the pre-fetched mitialization nformation o fetch (414} encoded
media content pertaming 1o the now streaming chamel,
i3, The client device {124, 330) as recited m clamy 14, Turther comprisuig a video
buffer monitor (334) for monitoring buffer conditions and wherein the one or more

sdmcent channels are determined turther responsive fo af least ong of the bufler

LN

condiions and decoder processing conditions of the client device {124, 350,

{4, The chent device {124, 33 as recited n clamm 14, wherein the metadata
mformation comprises manifest information associated with the respective one or more
adjacent channels.

17, The chent device (124, 3530} as recited in claim 14, wherein the inifialization
imformation corresponding o the one or more adjacent channels comprises at least ong
of a Sequence Parameters Sat (§PS), a Pieture Parameters Set {(PPS), one or more codec

hoaders, and data necessary 1o decode shices of franes.

18, The client device {124, 330} as rectted o clatm 17, wheramn the one or more
codec headers comprizse at least one of MPEG-2 sequence headers, High Efficiency

Video Codmg (HEVCY headers, and AU3 (audio) headers.

19, The client device {124, 350) as recited in claim 14, wherein the one or more

o -

channels above the cuwrrest sireanung channed and a sscond nwnber of comsecitive
chansnels below the current streanung chaonel, and further wherent the Tirst number and
the second nuntber respectively range from §§ fo a guantity based on the network

coniection's bandwidth condition,
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28 The client device {124, 3530} as recited n claim 14, wherein the one or moms
adjgcent chaonels are determined as a group of streaming channels that belong to a

confont category to which the current streaming channel also belongs.

"t

21, The client device {124, 330} as recited o claym 14, wherein the one or morg

adjacent channels are determined based on predicting a user's behavioral patferns in a

LN

"channel surfing™ mode when using the chient device {124, 350}

22, The chient device {124, 350} as revited m claim 21, wherein the "channed
1 surfing” mode 18 oascertained respousive to detecting that the user has changed a

phurality of channels within a select tine period.

23, The client device (124, 350) as rectted in claim 14, wherein the streaming clhiest
module (310} further comprises instructions configured fo:
i3 pre-fetch (SUR) encoded media content of the respective one or more adjacent
channels using the pre-fotehed initialization information;
pre-decode (508 the encoded media content: and
render {310} the pre-decoded media content to be displaved immediatedy if the
current streaming channe! 18 changed o a new streaming channel betongimg o the one

¥ of more adjacent channels,

24, The client device (124, 3503 as recited in clabn 23, wherein the pre-fetched
media content of the respective one or more adjacent chansels comprises media content

segments encoded at g fow it rate.

a3
Iy

moduie (310} further comprises nstructions condigured to:
ascertain (416} that a user 8 11 a "viewing"” mode after determanting that the user
has remained on the new streaming chaanet for a sclect time period;
30 send (418) a request for streaming media content encoded at higher bt rates;

and
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continie to monitor {402) at least one of the bandwidth conditions of the
notwork connection (136), video buffer conditioms and decader processing conditions,
to determine {(404) one or more additional adjacent channels relative to the new

streaming channel.

"t

26, The client device {124, 350} as recited in claim 24, wherent the streaming client
moduie (310) further comprises mstructions conficured o send {418) a reguest for

streamming media content for the new streaming channel in larger segments.

3
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