USs009204061B2

{(12) United States Patent

(10) Patent No.: US 9,204,061 B2

Hu et al. (45) Date of Patent: Dec. 1, 2015
(54) SWITCIING CONTLENT (2013001, HodN 217222 (2013.01): H4EN
) 207234 (2013.00); FH4N 21460 (2013.01);
(71} Applicant: Conviva Inec., San Mateo, CA (US) HOIN 214302 (2013.01): HIO04N 21/4307
L , ) ] . (2013.01); HO4N 2174438 (2013.01); HO4N
(72) Inventors: Ningning 1w, Santa Clara, CA {US) 2174622 (2013.01); HO4N 21/631 (2013.01);
John W, [effner, San Matco, CA (US); 'H047\’211'3456 (2013 Olj
Mei-lIsuan 1Lu, Losier City. CA (US): 531 Ficld of Classification § I : ' o
Aditya R. Ganjam, Mountain View, (a4 (°8) Ficld of Classification Scarch
(US)- Ton Steica, Piedmont, CA (US) None _
See application lile for complete scarch hislory.
(73)  Assignee: Conviva Ine,, loster City. CA (US)
(56) References Clited
{*) Notice: Subyject 1o any disclaimer, the term of this s
patent is extended or adjusted under 33 U.S. PATENT DOCUMENTS
3930473 A 71999 leng ot al.
(21y  Appl. No.: 13/767,220 6006264 A 1271999 Colby ot al.
6,223,200 Bl 42000 Dan ct al.
(22 Filed: Leh. 14, 2013 6,279,030 Bl %2001 Bhalelal.
6,324,565 Bl 11/2001  Holi, TIT
. i . 65,469,991 Bl 10/2002  Chuah
(63) Prior Publication Data 6006743 BLY 672005 Maurer .o, 34%:180
3/0219442 ; Ana. 3 692005380 131 Fi2005  Cramer ct al,
US 201370219442 A1 Avg, 22,201 7006,666 132% 22006 MONIZOMELY ..o, 3827103
Related U.S. Application Data 7318107 Bl 12008 Mcnon
(63)  Continuation of application No. 12/730.056, [liled on (Conrinued)
Mar. 23, 2010, now Par. No. 8,402,494, Primary fxaminer  Justin Shepard
(60} Provisional application No. 61/210,928, (iled on Mar. (74 Antorney, Agent, or Mo Van Pell. Y1 & James 1.1P
23, 2009,
(57 ABRSTRACT
(31) Int. CL _ Displaving video on a video display device is disclosed. A
i f""'\" 5208 (2[]0_6-[]_” first video stream [rom a first video streaming source is dis-
i 04;'\"2 720 2011.01) played on the display device. A second video stream [rom a
H 04*'\; 2140 (2011.01) second video streaming source is processed on the display
H 04*'\" 21234 (201 1 ,01) device without displaving the second video stream. Display-
HO4N 21/222 (2011.01) ing the first video stream is ceased and instead the second
i 04;'\"2 1743 2011.01) video stream 1s displayed. Supporling operations on a video
H 04*'\; 21462 (2011.01) stream 1s also disclosed. At least one video chunk is received
H 04*'\; 21763 (2011.01) at a first granvlarity. A determination is made that an opera-
H 04*'\" 21/44-? (201 1 ,01) tion is to be performed at a ditferent granularity. At least one
HO4N 217845 2011.01) video chunk is requested at the dillerent granularity.
(52) US.CL

CPC ... HOIN3268(2013.01); HO4N 21720

cue poinl

302
)_

16 Claims, 7 Drawing Sheets

swilching point
308

overlap region
-

Chunk i

304
Is

Chunk i+1 |




US 9,204,061 B2
Page 2

(56)

7.389.537
7487.509
7,519,703
7,620,848
7,668,761
7.668.914
21292
7.844.491
7,921,215
7,969,987
8,046,765
8,108,403
8.156.204
8.182.326
8.250.597
8,374,919
8,417,797
8,489,683
8.639.553
8.843.597
8.874.725
2002:0002708
200270082730
200270184357
2003/0046704
2003:0046708
2003:0051051
2003:0074142
2003/0135593
2004/0049793
20040088347
2004:0136327
2004:0236846
2005:0120131
20050251835

LS, PATTINT

Bl
R2
11
11
12
R2™*
R2
Bl
12
11
12
12
R2
R2
Bl
11
12
12
Bl
R2
Bl
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

References Cited

62008
2:2009
42009
112009
22010
2:2010
52010
11:2010
42011
62011
1072011
L2012
4:2012
52012
2012
2/2013
42013
Ti2013
1:2014
2014
10:2014
1:2002
62002
122002
372003
32003
32003
4:2003
Ti2003
32004
572004
72004
11:2004
62005
1172005

DOCUMINTS

Callom el al.
Hugly el al.
Stuart ¢t al.
Tanner
Jenking t al.
Parkerelal. ... TO¥Z03
Frasier el al.

Hailsulka el al.

Dessart

Llansen ot al.

Cherkasova ot al.

Gopalraj ¢t al,

Teblanc el al.

Speer el al.

Ol

Lappas ¢t al.

‘Thoen

Leblanc et al.

Enauth el al.

Teblanc el al.

CGranjam el al.

ATye ., 72595
Capps etal. ... - T00:94
‘Lraversat ¢t al.

Laksono ot al.

Juta

OrNeal el al,

Sleey el al.

Lec et al.

Chou e,
Yeager ctal.

Silaraman el al.

Alvares el al.

Allen

Scottetal, oo,

T2RIET

T25/88

2006:0052100
0060075094
006:0085246
2006:0123080
20060136218
20060246880
20060239949
0070101202
W0TN136311
07N183427
200770232332
20070282994
200770286351
200800496 16
2080049786
080112315
0080140688
20080155586
20080209499
20080305801
0000010155
20000019503
20000082020
0000117893
20090125625
20090172200
20090187956
0000328124
210088373
0100138273
20100161729
201 1:0016225
2011700358675
20120093098
120231885
2013:0124724
0130151687
20150095704

* ¢ited by examiner

Al
Al
Al
Al

Al
Al
Al

Al
Al
Al

Al
Al
Al
Al

Al
Al
Al

Al
Al
Al

Al
Al
Al
Al

Al
Al
Al

Al
Al
Al

Al
Al
Al
Al

Al
Al
Al

Al

3:2006
42006
42006
62006
62006
112006
112006
52007
62007
82007
102007
122007
122007
22008
22008
52008
/2008
62008
872008
122008
12009
12009
3:2009
52009
572009
T2009
T2009
122009
42010
62010
62010
12011
32011
42012
9/2012
52013
62013
42015

Almgren

Wen el al.

Ti

Baudino el al.

Lee

Baldwin <t al.

Schater ot al.

Crarbow

Kasien el al.

Mylander el al.

Llolur

Beers ot al.

Lithier ct al.

Kamath et al.

Rem el al.

Hu ei al.

Claylon el al.

Yang etal. s
Ramesh etal. ... 725/
Burzess ¢t al.

Vorbau ...
Ch'ng e al.
Weigand
Shin et al.
Morrison ctal. ..., T09/248
Somumer .. e, 125106
Khowsam el al. ... 725116
Pinkham

Baleni el al.

Leblane et al.

Park ct al.

Bruck ct al.

Charbit ot al.

Speer. el al.

Madgwick

Mooneyham

Sokolik t al,




US 9,204,061 B2

Sheet1 of 7

Dec. 1, 2015

U.S. Patent

S| suopioeg

dS| BuUoIEY

Jorlag
ulblo oipmg

g6

BERNETS
bl ZAX

JOJBUIPI00D
uoINQUISIQ TUBIUCD




U.S. Patent Dec. 1, 2015 Sheet 2 of 7 US 9,204,061 B2

Display a first video stream from a first video | -~ 202
streaming source

k4

Process a second video stream from a second 204
video streaming source on the display device ra
without displaying the second video stream

Cease displaying the first video streamand | -~ 206
instead display the second video stream

FIG. 2
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function chunk switchingl () {
if (chunkli].switching point -
chunk[i] .pht < alpha) {
chunk[i].stop() ;
chunk {i+l] .play ()

FIG. 4



U.S. Patent Dec. 1, 2015 Sheet 5 of 7 US 9,204,061 B2

function chunk switching2 () {
if {chunk{i].cuepoint} ({
chunk[i+1l] .play();
}
// estimate pht of chunkii+i]
wait for chunk{i+l].pht to change k times to compute
chunk[i+l] .est_pht;
chunk{i+1l] .pause(} ;
/! chunk[i] and chunk[i+1] almost in sync.
if (chunk{i+l].est_pht - chunk{i].est pht < beta)
[/ restart chunk[i+1]
chunk {i+l] .resume (};
repeat |
// make sure that chunkii] and chunkii+1] are
really in sync.,
wait for chunk[i+l].pht to change k times to
compute chunk[i+l] .est pht;
if (chunk[i+l].est pht - chunk[i].est pht > delta}
f/ chunii+1] is still a bit ahead of chunfi]
pause chunk[i+l] for one time interval;
else
// complete the switch
chunk[i] .stop();

FIG. 5
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large chunks

small chunks
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Receive at least one video chunk ata | ~ 702
coarse granularity

l

Determine that an operationistobe | _~ 704
performed at a finer granularity

l

Request at least one video chunk atthe | ~ 706
finer granularity

FIG. 7
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SWITCHING CONTENT

CROSS REFERENCTETO TR
APPLICATIONS

This application is a conrinuation of co-pending LS.
patent application Ser. No. 12/730,056 entitled SWITCHING
CONTENT filed Mar. 23, 2010 which clalms priority Lo LS.
Provisional Patenl Application No. 61/7210,928 entitled
SEAMLESS SWITCHING FOR STREAMING CONTENT
filed Mar. 23, 2009, which are incorporated herein by refer-
ence for all purposes.

BACKGROUNIDY OLVTTIE INVENTION

Individvals are increasingly vsing client machines to
access conlent. such as video [iles and live streaming/video-
on=demand conlent. via the Internet or other networks. Play-
ers tor such content are typically built vsing standard com-

mercially available platforms such as Adobe Flash or 2

Microsott Silverlight. In some cases, such as where the client
machine is included in an enterprise environment. or due o
parental or other conlrols. users are restricled in some of the
actions that they can take with respect 10 the client machines.
Asg one example, users may be prohibited from installing
sollware applications [or securily or other policy reasons.
Unloriunately, il the platform does not natively provide cer-
lain player [unctionality. it can be difficull to provide that
functionality without requiring the installation of a plugin or
moditving the source of the content.

BRI DESCRIPTION OF TTNE DRAWINGS

Various embodiments of the invention are disclosed in the

following detailed description and the accompanying draw- 3

ings.

I'IGr. 1 i an illustration o an environment in which content
is distributed.

FIG. 2 illustrates an embodiment of a process tor display-
ing video on a video display device.

I'IGr. 3 illustrates an example ol two video chunks.

I'IG 4 illustrates an example ol pseudo code lorimplanting
chunk switching.

FIG. Sillustrates an example of pseudo code for implanting
chunk switching.

I'ICGr. 6 illustrates an example ol a video stream divided inlo
chunks of two difterent sizes.

FIG. 7 illustrates an embodiment of a process for support-
g fine granularity operations on a video stream.

DIFTAILED DESCRIPTTON

The invention can be inplemented in numerous ways,
including as a process; an apparalus; 4 syslem: a composition

ol matier: a computer program product embodied on a4 com- 5

puter readable storage medivm; and/or a processor, such as a
processor confipured to execute instructions stoved on and/or
provided by a memory coupled 1o the processor, In this speci-
flcation, these implementations, or any other [orm that the
invention may lake, may be relorred (o as lechnigues. In
general, the order of the steps of disclosed processes may be
altered within the scope of the invention. Unless stated oth-
CI"\ViSC, da compnmcnl such as a Processor Or d4 moemory
deseribed as being conligured 1o perform a task may be imple-
menied as a general component (hat is emporarily configured
1o pertorm the task at a given time or a specific component
that is manufactured to perform the task. As used herein, the
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term “processor’ refers 1o one or more devices, circuits, and/or
processing cores conligured o process dala, such as compuler
program inslructions.

A detailed deseription of one or more cmbodiments ol the
inventionis provided below along with accompanying figures
that illustrate the principles of the invention. The invention is
described in connection with such embodimenis, but the
invention is not limited to any embodiment. The scope of the
invention is limited only by the claims and the invention
encopasses Lumerous alternatives, modifications and
equivalents. Numerous specific details are set forth in the
lollowing description in order 10 provide a thorough under-
standing of the invention. These detalls are provided lor the
purpose of example and the nvention may be practiced
according 1o the claims without some or all of these specific
details. lor the purpose ol clarity. lechnical material that is
known in the technical fields related to the invention has not
been described in detail so that the invention 1s not unneces-
sarily obscured.

FIG. 1is anillustration of an environment in which content
is distributed. In the example shown. clients 170-184 are used
lo access conlent, such as audiovisual conlent {e.g.. movics,
songs, television shows, sporting events, games, lnages, e1¢.)
that is owned by content owners. The content is stored (or
captured) at origin servers 196-198, then distributed via other
servers, caches. content distribution nelworks (CIDNs). prox-
ics. cte. (collectively. “content sources™). Conlent sources
employ a variety of technologies and include HTTD, Adobe
Flash Media, and Microsoft Internet Information Service
servers. [n some embodiments content is also distributed by
clients (e.g., using peer-lo-peer lechnigues).

lixamples ol clients include personal computers (1700, lap-
tops (182), cellular phones/personal digital assistants (178},
and other tvpes of information appliances (not shown) such as
sel-lop boxes, game consoles. broadband routers, (ile scrvers,
video servers, and digital video recorders. as applicable. The
clients shown are used by subscribers 10 various Intemnel
service providers (ISPs). For example, clients 170, 172, and
174 are subscribed to SPP1 (122}, while clients 176, 178, and
180 arc subscribed 10 8P2 (124). and clients 182 and 184 are
subscribed to SP3 (126).

In the example shown, a movie studic (“Studio™) has con-
tracted with content distributor 142 to provide downloadable
copies of'its films in exchange tor a fee. Similarly, a television
network (“XY/Z™) has contracled with content distribulors
142-148 (0 provide viewers with access (o live streams ol its
broadcasts as well as streams ot television show episodes and
sporting events. In some cases, the content distributor is
owned/operaled by the content owner.

Conlent distributor 142 has a data center that s provided
with network access by backbone I8P 132. Though repre-
sented here by a single node (also referred to herein as a
“CDN node™), content distributor 142 may tvpically have
mulliple dala centers (notl shown) and may make use ol mul-
liple backbone or other I8Ps. Content distributor 144 has a
data center that is provided with network access by backbone
ISP 134,

Suppose a vser of client 172 (hereinatter “Alice™) would
like 1o watch a live soccer game owned by XY /. Client 172
includes a web browser application. Alice uses the web
browser application to navigate to a portal owned by XYZ,
such as “http:/xvzivoetwork.comvlivegames.” Her request
for the game is directed o a CION node that is closest 1o her.
In this case. CN 146 is the lewest hops away [rom her client.
[Ter elient then beging streaming the content from CIDN 144,
which is in turn rendered in her browser (2.9, via a Flash or
Silverlight plaver).
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In addition to CDN 146, Alice’s client is also in commu-
nication with content distribution coordinator 102, Content
distribution coordinalor 102 periodically exchanges inlorma-
tion with clicnts using messages relerred 10 herein as heart-
beat messages. Content distribution coordinator 102 provides
struetions to clients that indicate the node(s) from which
they should obtain the appropriate stream data {(andfor as
applicable the node(s) w0 which they should send sircam
data). Clients send content distribution coordinator 102 intor-
mation such as current CT'U load, available storage, and geo-
graphic location of the ¢lient. Clients can also send status
information that describes the quality ol the user experience.
such as the length ol'time i takes for the soccer game video Lo
start playving, the number of buffering events (i’ any), the
length of buifering events, and the number of trames per
socond rendered by the video player. Content distribution
center 102 uses the received inlormation (o maintain a global
and up-lo-date view of various portions ol the environment
shown in FIG. 1.

Ag other vsers of clients 170-184 request content, their
respective players similarly oblain conlent [rom content
sources such as CION 144 and also communicale with content
distribution coordinator 102, Such plavers may be browser-
based as with Alice’s, or they may be standalone applications,
as applicable. Content distribution coordinator 102 collects
and processes the information received [rom Alice’s client
along with other clients. The collected inlormation can be
used to detect and remedy problems in the content distribu-
tion. Examples of such problems include excessive butfering,
[reering. and frame skipping.

In the example shown in FIG. 1, a single conlent distribu-
tion coordinator 102 is used. Portions ol content distribution
coordinator 102 may be provided by and/or replicated across
various other moduvles or nfrastructure depending, for

example, on factors such as scalability and availability (re- 3

ducing the likelihood ol having a single point of filure). and
the techniques deseribed herein may be adapled accordingly.
In some embodiments content distribution coordinator 102 is
wplemented across a set of machines distributed among
soveral dala centers. A Resilicnce Service [ayer (RS1) can
also be used o ensure that the monitoring service s not
disrupted when/if'a subset of machines tail or a subser of data
centers hosting the content distribution monitor are discon-
nected trom the Internet.

Switching Conlenl

Alice’s client (172) is initially assigned CION 146 as a
source of the soccer game. However, as the game progresses,
content distribution coordinator 102 may instruet client 172
Lo change the source [rom C1IN 146 o adiflerent source. One

reason thal client 172 could be so instructed is if the content =

distribution monilor determines that excessive comgestion 1s
oecurring with respect 1o CDN 146, while CDN 148 has spare
bandwidth. In that case, content distribution coordinator 102
would instruct client 172 10 oblain the game [rom CDN 148,

Ag another example. client 172 can be instrucled (o swilch lor s

cost reasons. For example, client 172 can be instructed to
switch from CDN 146 (which delivers content via RTMD) to
CDN 148 (which delivers content via HTTT). Client 172 can
also be instrueted (o swilch rom CDN 146 (o cliont 184 as a
sourccolcontentilclient 184 is comligured Lo acl as a peer and
nses a peer-fo-peer protocol to ranster content.

Instead ot or in addition to assigning new coltent sources,
content distribution coordinator 102 can also instruet clients
1o swilch between dillerent content streams provided by the
same source. As one example, supposc a user of client 180
(hereinatter “Bob™) initially fetches a movie from CDN 142,
in high quality, at a bitrate of’ 1 Mbps. As Bob watches the
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4
movie, the quality of his viewing experience degrades (e.g.,
due to other users ol his D81, connection also walching moy-
ies or due 1o his CPU being overloaded). Content distribulion
coordinator 102 1s conligured Lo instruct client 180 1o swilch
trom the higher quality video to a lower quality video (e.g., at
abitrate 0f 300 kbps ). Asanother example, Alice may initially
receive a low qualily video leed of the game and then be
instrucled to switch o a higher quality leed (cither on the
same CDN or a ditterent CDN) once it is determined that

3 client 172 is able to maintain the higher quality feed.

In various embodiments, rather than instructing clients 1o
swilch sources, content distribulion coordinalor 102 is con-
ligured o provide clients with recommendations and the cli-
ents include logic 1o make an ultimate decision of whether 1o
switel.

As will be explained in more detail below, using the tech-
nigues deseribed hercin, when a client switches [rom one
video feed (o another. the ability ol a user of the client 1o
perceive the switch is minimized and in some cases not

20 present.

Player Architeeture

Client 172 is a typical commodity desklop compuler run-
ning the Windows 7 operating svstem and, as explained
above, hasa web browser application installed. Also installed
ob client 172 is the Adobe Flash platform, which includes a
video player. Other platlorms can also be installed on clients
{such as Microsoll Silverlight) and the technigues deseribed
herein adapted 10 work with them, as applicable.

The video player supports a scripting language (e.g.,
ActionSeript for Mlash. and C8 [or Silverlight) which allows
developers 1o wrile programs thal conirol the behavior of
instances of the video player. such as instructing the video
plaver to play a particular stream (e.g., provided by CDN
146), to pause or resume plaving a stream, and to control the
audio level of the stream.

When Alice direets her browser (o the video portal pro-
vided by XYZ. a scripl (lo control the video player) is
dvnamically, transparently downloaded, meaning that Alice
is not prompted 1o approve or install the seript. The scriptis a
mela-player thal comtrols the underlying Lilash (or Silverlighty
player.

Switching Between Two Video Streams

As mentioned above, when Alice first indicates interest in
watching the soccer game (e.2., by selecting a “watch now™
button provided by the portal). client 172 1s directed Lo siream
the conient from CION 146. Content is delivered (o Alice as a
series of 30 second video chunks. Content sources store the
video chunks (which have associated chunk identifiers), and
in some cases store multiple copies of the content {e.g.,
cncoded with various bitrales andfor as chunks of dilTerent
sizes). The mela-player instructs an instance of the video
plaver to play the chunks one by one.

It a problem is detected in the playvback (e.g., due to a
change in a network condition or CPU overuse), the meta-
player is conligured (o retrieve the content {e.g., based on
chunlk identifiers) from another source, or 1o choose a difter-
ent quality stream from the same source, as applicable. In
some embodiments the meta-player switches content sources
based on an instruction provided by content distribution coor-
dinator 102, In other embodiments, the meta-player includes
logic that allows it to participate in the switching decision.

Starting to play a video chunk from a new source in the
video player will likely involve a nom-trivial overhead. such
as player inllializalion. establishing a connection o the
source. and [illing a player bulTer. Accordingly, i the conlent
meta-plaver is configured 1o display the soccer game vsing a
single instance of the Flash video plaver, it is possible that
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Alice will see a potentially lengthy glitch during the time it
lakes (he player o swilch video chunk sources. In some
embodiments, such glitches are prevented [rom being per-
ceived by Alice through the use of two (or more) instances of
the video plaver—one of which is shown to Alice, and one of
which is hidden [rom Alice’s view al any given lime.

I'IGr. 2 illustrates an embodiment of a process Tor display-
g video on a video display device, Insome embodiments the
process shown in FIG. 2 is performed by client 172, The
process beging al 202 when a [irst video stream [rom a (st
video streaming source is displayed. As one example. al 202,
video chunks of the soccer pame are received by client 172
and sequentially rendered by Alice’s video plaver.

AL204, a sceond video stream rom a second video sircam-
ing source is processed on the display device, bul nol dis-
plaved. As one example of the processing performed at 204,
suppose that after rendering several chunks of the soceer
game lor Alice. conlent distribution coordinator 102 deter-
mines that it would be less expensive 1o deliver the game Lo
Alice via CDN 148 than to courinue delivering it via CDN

146. At 204, the meta-plaver seript begins fetching chunks of 2

the soccer game in a second instance ol the video player. 3oth
players are conligured 1o display the video game in the same
region ol Alice’s screen. [ owever, al any given lime, only one
plaver will display video in that region. Initially, the first
stance of the plaver continues 1o display the soccer pame,
while the second player eslablishes 4 conneetion to CION 148
and beging [eiching video chunks of ils own.

At 206, the first video stream ceases being displaved and
the second video stream is instead displaved. For example, at

206, at an appropriate time, the meta-player script instructs 3

the first instance ol the player o hide (and mute its audio) and
instructs the second mstance of the player o become visible
{and vnmute its audio). In this scenario, the first instance of
the plaver is streaming content using one protocol (RTMD)

and the second instance of the plaver is streaming content 3

using a sccond protocol (ITITP). Ag another example ol the
lwo streams using Lwo dillerent protocols. suppose C1ON 142
is configured to provide content via two protocols, RTMP and
RTMPE. The RTMPE protocol supports encryption but does
not seale as well as the RTMP protocol. Studie is concerned
that viewers ol ils conlent such as 13ob might make unautho-
rized copies of its movies. While it could exclusively sircam
its movies using RTMDPE, Studio could also provide instruc-
Tions (.., via its own meta-plaver script) to Bob's client that
one oul o every ten video chunks should be oblained via
RIMPI: while the other nine should be oblained via RIMP. In
this scenario, the first video player instance would be config-
ured 1o play nine such chunks in a row, and then hide, while
the second video plaver plays the tenth chunk and then hides.

Onge the second player instance is [nished. the lirst player =

instance is made visible and plays an additional nine video
chunks, and so on.

Svnchronizing Two Video Streams

As mentioned above. starling 1o play a video chunk can

incur a non-trivial overhead which may lead to glitches that =

vigible o the user. When two player instances are used, such
glitches are minimized when compared to a single plaver
stance. In some embodiments, glitches are further mini-
mived and in some cases climinated through the use of syn-
chromizaiion lechniques.

EXAMPLE
Using Cue Points

FIG. 3 illustrates an example of two video chunks. In the
example shown, each video chunk shares an overlap with its
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subsequent chunk by a time interval referred to herein as the
overlap region. lior example, chunk 302 {also denoted “chunk
1"y overlaps with chunk 304 (also denoted “chunk i1 by a
one seeond time interval (306). The meta-player seripl is
configured to use the overlap region to synchronize the cur-
rent and the next video chunlk, which are 1o be plaved by the
respeclive irst and second instances ol the video player. Onee
the chunks are synchronized, the meta-player initiates the
swilch (e.g. instructing the first instance o hide/mute while
instructing the second instance to become visible/unmute).

Inthe example shownin FIG. 3, cue point 308 is a metadata
clement that conlains a lmeslamp al which the swilching
between the two video chunks should oceur (also relerred 1o
herein as a switching point). In some embodiments the
switching point corresponds to the timestamp of the first
kevirame in the next chunk (e.g., chunk 304 in the example
shown in I'1G. 3). The cue point can be included at the ime the
video 1s encoded, and can also be included by a time-stamp-
ing device that is downstream of the encoder.

FIG. 4 illustrates an example of psendocode for imple-
menting chunk switching. When the first player instance
reaches cue point 308. the meta-player seripl beging monitor-
ing the dilTerence between the imestamp of the chunk 3027
frame currently plaving and the switching point. When this
difference becomes less than a small constant alpha, the meta-
player instructs the sceond player instance (o starl playing
chunk 304, In some embodiments, the mela-player uses the
play head time (“pht™) variable 10 monitor the timestamp of
the trame currently being plaved. The alpha constant captures
the delay between the time the play command is issved and
the time it takes [or the first frame ol the chunk 10 actually
play.

In some embodiments, 1o improve the accuracy of the pht
readings, a fiting algorithin such as linear regression is vsed
to estimate the actual pht valve. FIG. 5 illustrates an example
ol pseudoe code lor implementing chunk switching. In the
example shown, k pht readings are used o compule an accu-
rate estimate of pht (“est_pht™).

Similarto the pseudo code provided in FIG. 4, once the first
player instance reaches the cuc peint ol chunk 302, the meta-
player instructs the sceond player instance (o starl playing
chunk 304, The meta-player monitors the phtolchunk 304 [or
k changes, and uses these k values to compute a fit for pht. It
then vses this fit to estimate the actual value of est_pht. Next,
the meta-player instructs the sceond player instance 1o slop
playing chunk 304 (c.g., 1o pausc) and wail until the diller-
ence between the estimated pht of chunk 304 and the esti-
mated pht of chunk 302 is smaller than a positive constant
beta, where heta is typically equal with inter-frame interval.
liurther, the meta-player continues o estimate and compare
the pht ol chunk 304 with the cstimated pht ol chunk 302. As
long as the difference is larger than a constant delta, where
delta is smaller than the inter-frame interval, chunk 304 is
paused [or a very shorl Interval ol time. As soom as the dil-
ference becomes smaller than delia, the meta-player com-
pletes chunk switching: chunk 302 is stopped and the window
controlled by the second player instance, which plays chunk
304, becomes visible,

X AMPLIE

Fingerprints
In the example shown in LG 3, cue points were added 1o
the chunks by an encoder. Other technigues can also be used

to assist in synchronizing to video feeds when cue points are
not available. For example, a portion of the first video chunk
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can be fingerprinted according 1o one of the schemes
deseribed below. Onee the lingerprint is localed in the second
chunk, the synchronization point can be lound by identifying
the ollsel between the two streams. "lechnigues Tor identify-
ing the offset can vary based on tactors such as which finger-
print scheme is vsed and whether the switch is between
chunks having the same or dilferent bit rates.

Fingerprint Scheme  Compressed lirame Sizes

Typically, the size of' a compressed frame is highly depen-
dent on the video content. One way 1o implement fingerprint-
g is o vse a moving window over a sequence of N frames.
The fingerprint is defined by the sequence of the lrame sizes
in a given window. 8ince this method only looks at the frame
sizes, it requires little CT°U overhead.

One way to compute the offset between two streams based
on (heir fingerprint s 10 use mean absolule orror or cross-
correlation. While the [irst stream is playing {c.g. streamed
[rom C1ON 144 in the first player instance). the second stream
(e.g. streamed trom CDN 146} is started. Once the new stream

has plaved for two seconds, data (e.g., bvtes per compressed 2

[rame) is collected every 30 ms. lor both streams, lor 8 sce-
omds. Aller the data collection. the mean absolule error 1s
computed between the two streams starting with an offset of
zero and then shifted for each sample. The shitt is done with
both the first stream and the second stream. Shitting the
sccond stream [orward handles the case where (he sceond
stream s ghead ol the (irst stream. Shifling the [irst sirecam
forward handles the case where the first stream is ahead of the
second stream. A minimum overlap of 4 seconds 1s required

helween the lwo streams 1o compute the mean absolute error 3

reliably. In the case where the switch is between two different
hil rates, cross-correlation is used insicad of mean absolule
error since the scale ot the values is different. It the sverage of
the mean absolute errors for all offsets normalized by bir rate

is loo large. then the measurement is repealed up 1o three 3

times. The threshold of “loo large™ can be set by offline
experiments or using an online learning algorithm. lior
example, anomaly detection can be performed over a stored
history of values across video sessions and across clients. The
olTsel between the two streams 1s (he value with the minimum
mean absolule crror. Once compuled the olTset is used Lo
compensate for the delay in starting the re-buttering for actual
plavback. One way this can be done is by estimating the
round-trip time to the server and adding this to the offset, If
the stream bullers in the middle ol this measurcment. the
measurement is repeated Trom the start up (o three times.

In some embodiments, it the video being fingerprinted is
generated by the same encoder, one can use the hash on each
compressed [rame as a signature. In (his case the ollsel 1s

identified by localing the same [rame in the two streams by 5

comparing the hashes.

Additional Fingerprint Schemes

Decompressed frame bit maps can also be vsed 1o finger-
print video. A hash (c.g.. M133) of (he decompressed video

can also be used as signature. In yel another embodiment, the s

histogram of luminance components (or both luminance and
chrominance component) are used for fingerprinting. Other
statistics of luminance/chrominance components, such as the
first order (mean), the sceond order (variance), and higher
order statistics as the signaturc ol cach [rame can also be used.

Additional Synechronization Techniques

For Live Content

In the case ol live video (c.g.. the soccer game). il may not
he possible (o use “pause™ Lo synchronize a stream thal is
ahead wilth another stream. In some embodiments, this silu-
ation is remedied by moditving the butter length to improve
the switch.
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When a new live stream is plaved from a Flash RTMD

server, a bulTer time value (in sceonds) 15 set al the playoer thal
instructs the player o begin playing the video only alter ithas
accumulated bulTer time amount of video. |ive streams start
buftering at the current live point. Suppose the current live
point is 100 seconds and the butfer time is set to 10 seconds.
When a player is started, it will buller video [rom time 100
seconds o time 110 scconds and then start playing. ive
video is downloaded at stream rate and will thus start plaving
roughly 10 seconds behind the source (i.e., source will be at
110 seconds when the plaver starts plaving video at 100
sceonds). I a buller time ol 5 scconds is used instead, the
player is will play roughly 5 seconds behind the source. With
this property, a large buffer time can be used first to torce a
stream into “pansed™ state. At the time it should be resumed,
a smaller buller time s used o immediately activale the
stream inte playing stale, and synchronization accuracy is
improved.

For Video-On-Demand

In some embodiments, once the offset is found, the stream
i re-bulfered {e.g.. using pause and resume) with a buller
tlime ol 30 sceomds. A timer is sl [or the ofTset value. When
the timer elapses, the butter time is set1o a value less than the
current butter length. This tripgers the video to start plaving
immediately. This is more accurate than setting the buffer
lime o the offsel value since bursty traflic may cause the
playback (o start belore or aller the oflsel time.

For Audio

In some embodiments, o make a switch as imperceptible
lo & human as possible, the volume of the old stream is
gradually reduced while the audio ol the new stream is gradu-
ally increased. This eliminales popping noiscs that may hap-
pen then the switch is made abruptly.

Multi-Resolution Chunks

As mentioned above, content sources can be conligured 1o
store coples ol the same content using dillerent sive chunks.
As one example. CDN 142 might store a complete copy of the
movie, Robin Hood, in both 30 second and 5 second chunks.
In selecting which lengath chunk should be used, 1o conflicting
requirements are al play. On one hand. long chunks minimive
the number olswitches and are generally prelerred by conlent
server sottware. On the other hand, shorter chunks allow
operations such as “seel’” 10 be pertormed more quickly. For
example, suppose a user wishes to seek to time point 0:26
{lwenly six sceonds into the video). I the chunk sive 1s 30
seconds. the user will have (o wail until all {or virtually ally ol
the chunk is downloaded betore being able to seek to that
point. In contrast, it the chunk size is 5 seconds, the client can
feteh the chunk that spans time 0:25-0:30 and seek to point
0:26 much more quickly. As another example, smaller chunk
sizes allow low end-lo-end delay in the context of Tive stream-
ing and also allow for faster join operations.

In various embodiments, when actions such as seeking
within a video-on-demand stream or starling o watch a live
stream are laken, the meta-player s conligured o request
small chunks (e.g., 5 second chunks) and then switch to a
longer chunk (e.g., 30 seconds long) once the streaming ses-
sion 1s successiully vnderway. Indoing so, both fast seels and
low numbers of switches can be achieved.

1G5, 6 illustrates an example of a video stream divided inlo
chunks of two different sizes. As shown, large chunk 602
contains the same content as chunks 604-612, collectively.
Using the technigues herein. when the user perlorms a seck
operation in the middle of chunk 602. the meta-player will
first play (he small chunks 3, 4, and 5. When it reaches the
boundary of chunk “b", the first large chunk, the meta-player
will switches to chunl “614.”
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FIG. 7 illustrates an embodiment of a process for support-
ing [ine granularily operations on a video stream. In some
embodiments the process shown in UG 7 is performed by
client 180. The process shown in IPIG. 7 can also be perlormed
by other clients, including clients which vse a single plaver
nstance instead of the multi-instance plaver described above.

‘The process beging al 702 when at least one video chunk is
received al a coarse granularity. Vor example, at 702, client
180 requests from CDN 142 the Robin Hood movie, in
chunks of length 30 seconds.

At 704, a determination is made that an operation is 10 be
perlormed al a (ner granularity and al 706 the video chunk
having a (ner granularity is requested. One example ol such
an operation is a seek operation, described above. Other
example operations include adjusting a bitrate and switching
Lo &4 new source. While these oplions can be performed at the
houndary of the 30 second chunk houndaries, by swilching Lo
4 3 second chunk. the actions can be taken more quickly.

Typically, once the processing shown in FIG. 71s complete,
the client will request and revert back 1o receiving content in
larger chunks.

Although the loregoing embodiments have been deseribed
i some detail for purposes of ¢larity of understanding, the
ivention is not limited to the details provided. There are
many alternative ways of implementing the invention. The
disclosed embodiments are lustrative and not resiriciive.

What is claimed is:
1. A svstem, comprising:
a sel of one or more processors conligured o
lacilitale displaying ol a first video siream [rom a lirst
remole video streaming source on a display device.
wherein displaving the first video stream comprises
sequentially rendering a first set of video chunks

obtained [rom the [irst remole video slreaming 3

souree:
process a second video stream [rom a sccond remole
video streaming source, wherein the processing
includes:
establishing a connection with the second remote video
streaming source; and
fetching a second set of video chwnks from the second
remote video streaming source;
wherein at least some of the processing of the second video
stream is perlormoed while the first video stream 1s being
displayed: and
facilitate ceasing displaving the first video stream and
instead displaying the second video stream at least in
part by synchronizing the iirst and sccond video streams

and performing video chunk swilching according (o the =

synchronization, wherein the video chunk swilching
includes switching from plaving a first video chunk in
the first set of video chunks obtained from the first
remole video streaming source 1o playing a second video
chunk in the second set of video chunks letched [rom the
second remote video streaming souree; and
a memory coupled to the processor and contigured to pro-
vide the processor with instructions.
2. The system ol claim 1 wherein synchroniving the first
and second video streams includes delermining a time ofTset.
3. The system of claim 2 wherein the display of the second
video stream is adjusted according 1o the tine ottset to reduce
any perecived discontinuity that might result rom swilching
[rom the first video stream 1o the seeond video stream.
4."T'he system ol claim 2 wherein the time ofTset is derived
from a first and second cue point inecluded in the respective
first and second video streams.
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5. The svstem of claim 2 wherein the time offset is deter-
mined by matching a signalure in the first and sceond video
slreams.

6. "I'he system of claim 5 wherein the signature is based at
least in part on a sequence of compressed frame sizes.

7. The svstem of claim 5 wherein the sighature is based at
least in part on a decompressed frame bitmap.

8. The system ol claim 1 wherein the [irst video stream is a
live video stream and wherein the processor is conligured 1o
process. by the sceond video player instance. the second
video stream by adjusting a butter length.

9. The system of ¢laim 1 wherein the first video stream is a
video-on-demand video stream and wherein the processor is
conligured 1o process. by (he sceond video player instance,
the second video stream by performing a series ol pause and
resume actions.

10. The system ot claim 1 wherein the first video stream is
received via a first protocol and wherein the second video
stream is received via a second protocol and wherein the first
and second protocols are dillerent.

11. The system ol claim 1 wherein one of the (irst video
stream and second video stream is vnencrypted and wherein
the other of the first video stream and second video stream is
encrypted.

12. The system of claim 1 wherein the first video stream
and sceond video stream are both provided by a single net-
work node.

13, The system of claim 1 wherein the first video stream
and sceond video sircam are respectively provided by two
dillerent network nodes.

14. The system ol claim 1 wherein the first video stream is
streamed at a first bitrate and the second video stream is
streamed at a second bitrate and wherein the first and the
second bitrale are dilferent.

15. A method. comprising:

[acilitating displaying ol a first video stream [rom a [irst
remote video streaming source on a display device,
wherein displaving the first video stream comprises
sequentially rendering a first sel of video chunks
oblained [rom the first remote video streaming source,

processing a second video stream from a second remote
video streaming source, wherein the processing
includes:
eslablishing a conneetion with the sccond remole video

streaming source: and
fetching a second set of video chunks trom the second
remote video streaming source;

wherein at least some ol the processing ol the second video
stream 15 performed while the first video stream is being
displayed; and

facilitating, ceasing displaying the first video stream and
instead displaving the second video stream at least in
part by synchroniving the [irst and second video streams
and perlorming video chunk switching according to the
svochronization, wherein the video chunk switching
eludes switching from plaving a first video chunk in
the first set of video chunks obtained from the first
remole video sircaming source Lo playing a sccond video
chunk in the sceond set ol video chunks [etched [rom the
second remote video streaming source.

16. A computer program product embodied in a non-tran-
sitory compuler readable storage medium and comprising
compuler instructions [or:

[acilitating displaying ol a first video stream [rom a [irst

remote video streaming source on a display device,
wherein displaving the first video stream comprises
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sequentially rendering a first set of video chunks
obtained lrom the first remole video slreaming source:

processing a sccond video stream [rom a second remole
video slreaming  source.  wherein  the  processing
includes:
establishing a connection with the second remote video

streaming source; and
letehing a second sel of video chunks rom the sceond
remote video streaming source;

wherein at least some of the processing of the second video
stream is performed while the first video stream is being
displayed: and

lacilitaling ceasing displaying the [irst video stream and
instead displaying the second video stream at least in
part by svachronizing the first and second video streams
and performing video chunk swilching according (o the
synchronization, wherein the video chunk swilching
includes switching [rom playing a [irst video chunk in
the first set of video chunks obtained from the first
remote video streaming source to plaving a second video
chunk in the second set ol video chunks fetched [rom the
seeond remole video slreaming source.
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