-1- A DEVI CE FOR SYNCHRONI SI NG DI G TAL DATA STREAMS | N REAL-TI ME Techni cal
Field 5 The present invention relates to a device and nethod for
synchronising signals in real-tine, and in particular, digital audio and
video (AN) signals generated by nultiple encoders such as those used in

vi deo- on-demand (VOD) services. 10 Background of the Invention

Vi deo- on-denmand services typically involve the stream ng of a stored group
of data streans including a video stream an audio strean(s), a script
strean(s), and auxiliary text streans, across the Internet froma server
to a client in response to the client'sjrequest. 15 Recently, with the
ener gence of w deband networks such as the digital subscriber loop (DSL),
cabl e nodens and the |ike, the usage of VOD services providing high quality

audi o and video data transm ssion h incr sugh, I GElV. need
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si mul t aneous pl ayback wherein 20 I data streans representing

di fferent aspects of a conmon recm are transmtted fromthe
VOD server to the client. For instance, students may seek to view a
pre-recorded university lecture. In order to facilitate this situation
two vi deqreshhRalPiely be generated fromtwo separate caneras 25 wherein a

first canera captures a lecturer delivering a |l esson, whilst a second
camer @ captures lecture notes that are projected on to an overhead screen
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Audi o/ Vi deoTM whi ch enabl es students to access nultinedi a 30 educat i onal
resource sugdnas these used in video-on-demand (VOD) services.

10 Background of the Invention

Video-on-demand services typically involve the streaming of a stored group of data
streams including a video stream, an audio stream(s), a script stream(s), and auxiliary text
streams, across the Internet from a server to a client in response to the client’s request.
15
Recently, with the emergence of wideband networks such as the digital subscriber loop
(DSL), cable modems and the like, the usage of VOD services providing high quality
audio and video data transmission has increased. As such, a perceived need has developed
for the VOD framework to support multiple A/V stream simultaneous playback wherein
20 multiple A/V data streams representing different aspects of a common recording session

are transmitted from the VOD server to the client.

For instance, students may seek to view a pre-recorded university lecture. In order to
facilitate this situation, two video streams may be generated from two separate cameras
25 wherein a first camera captures a lecturer delivering a lesson, whilst a second camera
captures lecture notes that are projected on to an overhead screen, and a microphone
captures the audio component of the recording session. The captured video streams are
each encoded with the captured audio stream into data encoding formats such as MPEG,

Windows Media™, and Real Audio/Video™, which enables students to access multimedia

30 educational resources on-line.



-2- Another application of nmultiple AN streans sinultaneous playback arises
where nultiple caneras are located in a court roomto record different
aspects of a court session. For instance, it may be useful to concurrently
capture the expressions and/or reactions of various court room

partici pants such as |awers, w tnesses, jurors, defendants and the like. 5
At a later tinme, a judge or any other interested party can review the
captured audi o-visual streanms fromthe same court session by virtue of a
VOD servi ce capabl e of simultaneous playback of multiple audio-visual
streans. However, it is perceived that_when multiple AJV streans are

si mul taneously played back 10 using prior art arrangenents, they have
tended to suffer from synchronisation problenms. One factor which

contributes to thi.s problem. t variaqus,encoders. used.in prior tens
exper | encheihi PRI IRy LS S USRS PSRk riser MReree it on
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have been captured by separate caneras at ifferent tines are incorrectly
render ed iostazceclif sray’ e ssefekto aonqurentiproepturerghe Thpresaons akl/ery reabtionsi it i on
probl em affects the sinultaneous pl ayback of audi o streags. over e.prior
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is adversely affected. Prior "art 1nventions "have attenpted to rectify this
pr obl em Isjreamplfioyi thy sanghcoprteessoohy vituesgfsa #1012 Iservics dapatsly of Isimmwlianeous

conponents in the VOD system wi.th hardware clock synchronisers located in
separ atep%Yrtr‘é?l%\gte’aH@%&%‘ﬁ%‘@y‘sg@rs\%’?@s'i n the system However, this approach
has failed to alleviate the probl em because the recorded data streans nust

till be manually edited usi ng prof essi onal video and audio editing
of t war e Fnweyer,dbisrpasersvad thaewhery nfultipte AdMdstreams|aee pynudiangdusybpleyed back

respegiively. Mireover, this [,S an expensive d 25 tine-consum ng,exercise
whi chi e SAERSICR, K BT BigeInehie ey e JEngER 18 FuFT 6P BTERiPRARN GATATRR oo
bei ng avadeahttdr WhlchHostrivulidith eis YroBldnn & tRA Wiriodk bndddersNREIRT KriorIysimisy Of
the Invention 30 The present invention seeks to provide a device for, and a
met hod ofexpesignendisferasit dajency characteristics due to unique initialisation periods, library load
periods and the like. Consequently, pictures that have been captured by separate cameras at
different times are incorrectly rendered on a client's screen at the same time. The same
15  synchronisation problem affects the simultaneous playback of audio streams over the prior
art. Clearly, this problem is undesirable to a user of a prior art VOD service as the user's

perception of information relayed by the prior art is adversely affected.

Prior art inventions have attempted to rectify this problem by employing high precision
20 system clocks to synchronise components in the VOD system with hardware clock
synchronisers located in separate cameras and encoder servers in the system. However, this
approach has failed to alleviate the problem because the recorded data streams must still be
manually edited using professional video and audio editing software on a laborious frame-
by-frame and sample-by-sample basis respectively. Moreover, this is an expensive and
25 time-consuming exercise which tends to exacerbate the latency period prior to the A/V

data streams being available for distribution via the prior art VOD network.
Summary of the Invention

30 The present invention seeks to provide a device for, and a method of, synchronising

encoded audio-visual data streams in real-time.



encoded audi o-vi sual data streans in real-tinme. -3- In a first broad form
the present invention provides a device for synchronising a plurality of
encoded data streans: wherein each encoded data streamincludes a plurality
of video data elenents having a video timng information, and, a plurality
of audi o data el enents having an audio 5 timng information; the said
device including: a neans of selecting a set of video data el enents from
each encoded data stream wherein the video timng information of the
video data elenments in each set of selected video data elenents satisfy a
video timng criteria; 10 a neans of segecting a set of audio data el enents
fromeach encoded data stream wherein the audio timng information of the
audi o data el enents in each set of selected audio data elenents satisfy an
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out put; X7 eAcdRadataGirenmst fyi ng each set of selected audio data el ements,

wherein a corresponding nodified set of audio data elenents js output;
wherein, the rhir¢inezhcheancodsd dateesiregmy inchidssranplirality afhwideo (dsfa gleHiSAER ng

nodi fied, sets of audio data elements_for rad it oded
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synchronitpsidlg indOrititRner abl y, the video timng information of the video data

el ements in each encoded data streamincludes video presentation tine
st anps repr esdhg saiddeiee melydingt i al order in which each video data el ement
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wherein the video timing information of the video data elements in each set of selected
( video data elements satisfy a video timing criteria;

10 a means of selecting a set of audio data elements from each encoded data stream,
wherein the audio timing information of the audio data elements in each set of selected
audio data elements satisfy an audio timing criteria;

a means of modifying each set of selected video data elements, wherein a
corresponding modified set of video data elements is output;

15 a means of modifying each set of selected audio data elements, wherein a
corresponding modified set of audio data elements is output;

wherein, the modified sets of video data elements and their corresponding modified
sets of audio data elements form a plurality of modified encoded data streams, whereby

said plurality of modified encoded data streams are synchronised.

‘ 20
Preferably, the video timing information of the video data elements in each encoded data
stream includes video presentation time stamps representing the sequential order in which
each video data element is to be processed for display in the respective encoded data
streams.
25

Preferably, the audio timing information of the audio data elements in each encoded data
stream includes audio presentation time stamps representing the sequential order in which

each audio data element is to be played in the respective encoded data streams.

30 Preferably, the video timing information of the video data elements in each encoded data

stream includes video decoder time stamps representing the sequential order in which each



~_ _Preferably, the audio timng information of the audio data elenents in each
encoded data streamincludes audio presentation tinme stanps representing
the sequential order in which each audio data elenent is to be played in
the respective encoded data streans. 30 Preferably, the video timng
information of the video data elements in each encoded data stream

i ncl udes vi deo decoder tine stanps representing the sequential order in
whi ch each -4- video data elenment is to be decoded in the respective
encoded data streans. Preferably, the audio timng information of audio
data el enents in each encoded data strgamincludes audi o decoder tine
stanps representing the sequential order in which each 5 audio data
elenent is to be decoded in the respective encoded data streans.
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presentati on tinme 'Stahps of video data elenments 1 n each encoded data
stream are equal to or greater than the presentation tinme stanp of a
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encodesl dall &itd damentietebaddcbdedinthotespbtiveehesdeddatastdemsdat a el enent’ s
presentation tine stanp and its presentation time stanp duration is equal
to or greater than the stream editing tine interval. Preferably, the
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frame, sai cont al nformat1on to cohstruct an'image w t hout
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Pr ef ef(f"blsé'eegﬁ?e means of calculating a streamediting tinme interval for
each encoded data

Preferably, the means of determining the reference video data element includes:
a means of calculating a stream editing time interval;
whereby, the reference video data element includes a video data element in each
15 encoded data stream wherein the sum of the reference video data element's presentation
time stamp and its presentation time stamp duration is equal to or greater than the stream

editing time interval.

Preferably, the reference video data element of each encoded data stream includes an I-
20 frame, said I-frame containing information to construct an image without reference to other

video data elements in the respective encoded data streams.

Preferably, the video presentation time stamp duration includes a time difference between

consecutive video presentation time stamps.

25
Preferably, the means of calculating a stream editing time interval for each encoded data
stream includes:
- a means of detecting a local encoding start time for each of the encoded
data streams, said local encoding start time being the actual time at which
30 an encoder server commenced generating the encoded data stream;

- a means of registering the local encoding start time of each of the encoded




streamincludes: a neans of detecting a | ocal encoding start tine for each
of the encoded data streans, said |ocal encoding start tine being the
actual time at which 30 an encoder server conmenced generating the encoded
data stream a neans of registering the | ocal encoding start tinme of each
of the encoded -5- data streans wherein a | ocal encoding start tine
register tinme is nmeasured for each encoded data stream a neans of

determ ning a synchronisation tine, said synchronisation time being equal
to or greater than all of the local encoding start tinme register 5 tines
nmeasur ed; whereby, the streamediting t§nme interval of each encoded data
streamincludes the difference between the synchronisation tinme, and, the
| ocal encoding start tinme of the respective encoded data streans. 10
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of a reference audi e respective enco treans.
Prefesably the pregant ndavigsd; on includes a neans of determining a
reference audio data 20 elenent in each encoded data stream aﬂlg
ref erence audhbershyatheisspasnediting|tines ngersdl of rarly encoded datasstrsam ipRudes thet he
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stream pgpddtivg chédiRdidatagkréahs.0f the respective encoded data streans. 25
(Pr;ef erably, the audio presentation time stanp duration includes a tine
di fference bet ween

10 Preferably, video data elements in each encoded data stream having a presentation time
stamp less than the presentation time stamp of the reference video data element in the

respective encoded data streams, are discarded.

Preferably, the audio timing criteria includes determining whether the presentation time
15 stamps of audio data elements in each encoded data stream are greater than or equal to a
presentation time stamp of a reference audio data element in the respective encoded data

streams.

Preferably the present invention includes a means of determining a reference audio data
20 element in each encoded data stream, said reference audio data element including an audio
data element wherein the sum of the reference audio data element's presentation time
stamp and its audio presentation time stamp duration is equal to or greater than the stream

editing time interval of the respective encoded data streams.

25 Preferably, the audio presentation time stamp duration includes a time difference between

consecutive audio presentation time stamps.

Preferably, audio data elements in each encoded data stream having a presentation time
stamp less than the presentation time stamp of the reference audio data element in the

30 respective encoded data stream, are discarded.



consecutive audio presentation time stanps. Preferably, audio data el enents
in each encoded data stream having a presentation tine stanp |less than the
presentation time stanp of the reference audio data elenent in the 30
respective encoded data stream are discarded. -6- Preferably, the neans of
nodi fying the video data elenents in each set of selected video data

el enments includes nodifying the video timng information of the video data
el enents in each set of selected video data elenents. 5 Preferably, the
means of nodifying the video timng information of video data elenents in
each set of selected video data elenments includes: a neans of conparing the
audi o presentation tine stanp of the rérérence audio data elenent in each

encoded data streamw th the video presentation tine stanp of the
reference video data elenment in the encoded data stream 10 wherein the
smal | er dfrefenably,¢he nesanse oﬁunﬁd&fyﬂgtthe olidevedata pleewetstiatdacin s¢ti ofeselestedmpdemd

the refer vi deo entation_ tinm st , des| gnated as
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- a rreansmggd§§ttbfgg]ectt&pvlgg@agthggn{éhgsent ation tine stanp of each encoded
data 15 streamto a starting tinme value; a nmeans of replacing the

presentation time stanps of the video data elements in each set of

sel ected yideo.data el e .th. the difference e .
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Pr ef er ablegeh §éﬂ%f§é]@d’t§dme&ugﬁe}é§{éﬁ§s inPrebigdes a tinme value of O relative to

a common reference clock. Preferably, the neans of nodifying the video
timng infornmation a meanscdl swnpasingstbt evdiodpresentation time stamp of the reference

audio data element in each encoded data stream with the video presentation
time stamp of the reference video data element in the encoded data stream,
10 wherein the smaller of the reference audio data element presentation time
stamp and the reference video data element presentation time stamp, is
designated as a starting presentation time stamp in the respective encoded
data stream;
- a means of setting the starting presentation time stamp of each encoded data
15 stream to a starting time value; v
- a means of replacing the presentation time stamps of the video data
elements in each set of selected video data elements with the difference
between the video presentation time stamps and the starting presentation
time stamp.
20 '
Preferably, the starting time value includes a time value of O relative to a common

reference clock.

Preferably, the means of modifying the video timing information in each set of selected
25 video data elements includes a means of modifying the video decoder time stamp of each

of the video data elements in each set of video data elements.

Preferably, the means of modifying the audio data elements in each set of selected audio
data elements includes modifying the audio timing information of the audio data elements

30 ineach set of selected audio data elements.



25 video data el enents includes a neans of nodifying the video decoder tine
stanp of each of the video data elenents in each set of video data

el enents. Preferably, the nmeans of nodifying the audio data el enents in
each set of selected audio data elenents includes nodifying the audio
timng information of the audio data elenents 30 in each set of selected
audi o data elenents. -7- Preferably, the neans of nodifying the audio
timng information of the audio data elenents in each set of selected

audi o data el enents includes replacing the audio presentation tinme stanps
of the audio data elenments with the difkerence between the audio
presentation tinme stanps and the value of the reference audio presentation
time stanp of 5 the respective encoded data streans. Preferably, the neans
of nodi fyi ntg the audio tim ng information, of, the ,ag)di o] ,dat(g elengnts in
each set efexablpcthegmsans of gaedifing the taudion simipe dntormationd oft thepdhHdQi 4R t he
s ._ audi ra 1A S | Q1 RdAs { Sadih; - Of
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for geperpti Wi lenents in the encoded data stream an encoder
mul ti ?eggéf%&#gkﬁ?%@g?fiﬁgﬁ? eg'gener ated video data elenments and audio
data el enents; 20 - an encoder nmenory store; an encoder processor; and an
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encoder
elements in each set of selected audio data elements includes a means of modifying the

v audio decoder time stamps of the audio data elements in each set of selected audio data

10 elements.

Preferably, an encoded data stream in the plurality of encoded data streams is generated by

an encoder server, the encoder server including:

- a video data stream encoder for generating video data elements in the

15 encoded data stream;

- an audio data stream encoder for generating audio data elements in the

encoded data stream;
- an encoder multiplexer for multiplexing the generated video data elements
and audio data elements;
20 - an encoder memory store;
- an encoder processor; and

- an encoder clock.

Also preferably, the encoder memory store includes a first encoder memory buffer for

25 storing an encoded data stream.

Also preferably, the encoder memory store includes a second encoder memory buffer for

storing a modified encoded data stream.

30  Also preferably, the encoder server includes a means of applying the video timing criteria

to the video data elements of an encoded data stream.



25 storing an encoded data stream Al so preferably, the encoder nenory
store includes a second encoder nenory buffer for storing a nodified
encoded data stream 30 Al so preferably, the encoder server includes a
means of applying the video timng criteria to the video data el enents of
an encoded data stream -8- Also preferably, the encoder server includes a
means of nodifying the video timng information of the video data el enents
in a set of selected video data elenments. Al so preferably, the encoder
server includes a neans of applying the audio timng criteria 5 to the
audi o data el enents of an encoded data gtream Also preferably, the encoder

server includes a means of nodifying the audio timng .information of the
audi o data elenents in a set of selected audio data elenments. 10
Preferably, the present invention includes a systemresource server,  said

syst em r edemupseferabby \the enpedendiervgr inclydefeanmests b maditying he wideo timing
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ti mes of enco ream | prural ity of enco
streans; 15 - a nmeans of conmmuni cating the synchronisation tinme to the

encoder server; - a common reference tine clock; and - a neans of .| .
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time (:5I qu(h%at‘ﬁﬂi%ﬂ%a élglﬁ%%t 8?%%@?%%@ tﬁg’é‘gﬁa means of inplenenting an SNTP
protocol. Mre preferably, the neans of conmunicating the synchronisation

time to the encoder server_ includes conmuni cati&g t he. synchronj sation tine
after a HrcRredemBly: it encoder sapiey ingdudgssa raeass fgmpdiangnbecaidig dimiagr ver .
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10  Preferably, the present invention includes a system resource server, said system resource
server including:
- a means of determining the synchronisation time;
- a means of registering the local encoding start times of each encoded data
stream in the plurality of encoded data streams;
15 - a means of communicating the synchronisation time to the encoder server;
- a common reference time clock; and
- a means of synchronising the common reference time clock with the

encoder server clock.

20 More preferably, the means of synchronising the common reference time clock with the

encoder clock includes a means of implementing an SNTP protocol.

More preferably, the means of communicating the synchronisation time to the encoder
server includes communicating the synchronisation time after a synchronisation time query

25 isreceived from the encoder server.

Also preferably, the present invention includes a means of providing the encoder server
with a recording schedule, said recording schedule including:
- an encoding start time for which the encoder server is to commence
30 generating an encoded data stream;

- an encoding end time for which the encoder server is to cease generating the



with a recording schedul e, said recording schedul e including: an encodi ng
start tinme for which the encoder server is to comrence 30 generating an
encoded data stream an encoding end tinme for which the encoder server is
to cease generating the it -9 encoded data stream Mre preferably, the
recordi ng schedule is provided by the systemresource server. 5 Preferably,
the present invention includes a data server for archiving the nodified
encoded data streans. Preferably, the present invention includes a video
server for storing the nodified of encoded data streans. 10 Preferably,
the video server includes a cache menor y, buffer for storing the nodified
sets of encoded data streans. Preferably, the encoder clock is
synchroni sed with the cormmon tinme reference. 15 Preferably, the video
timng informati on of the encoded data streans is generated by reference
to the encoder cl oc¢ncodededata stidam. t he audio timng information of audio
data elenents in each encoded data 20 streamis generated by reference to
an encoder clock. Alternatively, in the first broad formof the present

i nvent i onMotd el tBE redBidg/dcRedi1B & provided by dhdsyletRRBbErct Berach set of
sel ected video data el ements 1ncludes: a decoder server for decoding the
video data elenments in each set of selected 25 video data el enents,
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Preferably, the present invention includes a video server for storing the modified of

encoded data streams.

10
Preferably, the video server includes a cache memory buffer for storing the modified sets
of encoded data streams.
Preferably, the encoder clock is synchronised with the common time reference.

15

Preferably, the video timing information of the encoded data streams is generated by

reference to the encoder clock.

Preferably, the audio timing information of audio data elements in each encoded data

20 stream is generated by reference to an encoder clock.

Alternatively, in the first broad form of the present invention, the means of modifying the
video data elements in each set of selected video data elements includes:
- a decoder server for decoding the video data elements in each set of selected
25 video data elements, wherein decoded video data streams are output; and
- an encoder server for re-encoding the decoded video data streams;

whereby modified sets of video data elements are generated.

Also alternatively, in the first broad form of the present invention, the means of modifying
30 the audio data elements in each set of selected audio data elements includes:

- a decoder server for decoding the audio data elements in each set of selected



Also alternatively, in the first broad formof the present invention, the

nmeans of nodifying 30 the audio data elenents in each set of selected
audi o data el enents includes: a decoder server for decoding the audio data
el ements in each set of selected -10- audio data el enents, wherein decoded
audi o data streans are output; and an encoder server for re-encoding the
decoded audi o data streans; whereby the nodified sets of audio data

el enents are generated. 5 In a second broad form the present invention
provi des a device for playing and/or rendering a plurality of nodified
encoded data streans produced in accordgpce with the first broad form of
the present invention. Preferably, the second broad form of the present
invention includes: 10 - a denultiplexer for denultiplexing the audio data
el ements and video data elenents in each nodified encoded data stream -
an audi o decoder f cudiedaaiclomentsewhiensin dacpdeshadiadatn strepesare joatpagitandi n t he

dified ded dat t - i d d der, f d di h
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- an audiyh PIAMEE nfddifiddl RW dTaubiReldeaedests akdiaetitde el enents; - a video
renderer for rendering the decoded video data el enents. Myre preferably,

the second broad formof the present invention includes a neans of 20
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invention provides a conbination including the first 25 broad form and the

second brfustdréast fermfof theeprpsent iventionvent i on. In a fourth broad form the
present invention provides a nethod of synchronising a plurality of
encoded data streans:

N\ Preferably, the second broad form of the present invention includes:

10 - a demultiplexer for demultiplexing the audio data elements and video data
elements in each modified encoded data stream;
- an audio decoder for decoding the demultiplexed audio data elements in the

modified encoded data streams;

- a video decoder for decoding the demultiplexed video data elements in the
15 modified encoded data streams;
- an audio player for playing the decoded audio data elements;

- a video renderer for rendering the decoded video data elements.

More preferably, the second broad form of the present invention includes a means of
(‘ 20 synchronising the audio decoder, video decoder, demultiplexer, audio player and video
renderer with the common reference time referred to in the first broad form of the present

invention.

In a third broad form, the present invention provides a combination including the first

25 broad form and the second broad form of the present invention.

In a fourth broad form, the present invention provides a method of synchronising a
plurality of encoded data streams:

wherein each encoded data stream includes a plurality of video data elements

30 having a video timing information, and, a plurality of audio data elements having an audio

timing information;



wherein each encoded data streamincludes a plurality of video data

el enments 30 having a video timng information, and, a plurality of audio
data el enents having an audio timng information; -11- said nethod
including the steps of. (i) selecting a set of video data elenments from
each encoded data stream wherein the video timng information of the
video data elenents in each set of selected video data elenents satisfy a
video timng criteria; 5 (ii) thereafter, selecting a set of audio data

el ements from each encoded data stream wherein the audio timng
information of the audio data el enents {n each set of selected audio data

el ements satisfy an audio timng criter 1a'; (ii1) thereafter, nodifying each

set of selected video data el enents, wherein a corresponding nodified set
of video data elements is output; 10 (iv) thereafter, nodifying each set of
sel ect ed audi csattbmathefl émaduding thetstéspsiof a correspondi ng nodi fi ed set of

audi o data el enents is._.output; rei t he difi e ets of (vi a
elenents and tffei r_%}?ﬁf‘ﬁ%&ﬁﬁ?}i %%@ﬁﬁai‘?aiué&penéeg&s frgp %ﬁ%l‘ gﬁ%oac{eg Jle %%é‘%?’é’ form
a plurality of nodifh&geinane oRRe tiddha iffbrRath ofwhe VRley dagadlemeitsiimbdchysenf
nodi fied encoded data streans are synchronised. 15 In a fifth broad form

t he present inventidselscodivities dataxements sdtisfy ayideg tivziag cltepRural i ty  of
difiged d d i Ny it i d
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i ncl udes the steps @feamdMeteid MendROtini intsthtidabe (e A staidbnentsizo
data elenents in each nodified encoded data stream decoding the,
denul ti pl exed audi cadaset ofselaespd sudie dptaslenarntasatisficanoaugdia Hming GrEemH3;

, (ili)  thereafter, modifying each set of selected video data elements, wherein a
v corresponding modified set of video data elements is output;
10 (iv)  thereafter, modifying each set of selected audio data elements, wherein a
corresponding modified set of audio data elements is output;
wherein, the modified sets of video data elements and their corresponding modified
sets of audio data elements form a plurality of modified encoded data streams, whereby
said plurality of modified encoded data streams are synchronised.
15
In a fifth broad form, the present invention provides a method of playing back a plurality

of modified encoded data streams produced in accordance with the third broad form of the

present invention.

20 Preferably, the fifth broad form includes the steps of:
- demultiplexing the audio data elements and video data elements in each
modified encoded data stream;
- decoding the demultiplexed audio data elements to provide an audio data
stream;
25 - decoding the demultiplexed video data elements to provide a video data
stream;
- playing the audio data stream using an audio player;

- rendering the video data stream using a video renderer.

30 Also preferably, the fifth broad form includes the step of synchronising the audio decoder,

video decoder, demultiplexer, audio player and video renderer with a common reference



25 - decoding the denultipl exed video data elenments to provide a video data
stream playing the audio data streamusing an audio player; rendering the
video data streamusing a video renderer. 30 Also preferably, the fifth
broad formincludes the step of synchronising the audi o decoder, video
decoder, demultipl exer, audio player and video renderer with a conmon
reference -12- tinme used to generate the plurality encoded data streans. In
a sixth broad form the present invention provides a conbination including
the fourth broad formand the fifth broad formof the present invention. 5
In a seventh broad form the present Lqﬁqntion provides a plurality of

nodi fied data streans produced in accordance with the first broad form of
the present invention. In an eighth broad form the present invention
provides a plurality of nodified data streans 10 produced in accordance
with t he thesmsed toeencaate drerpluralifyhencodedsdaid sr¢afnt i on. Bri ef Description of
the Drawi ngs The present invention will becone nore fully understood from
the following detailed 15 description of a preferred but non-limting
enbodi nerh at siethewbad ARH¢ thdprésém invshies tprovidesrs tbmbhmatias davipding ithg fourth
drawi ngs, wherein: Figure 1 shows a_ block diagramof a first enbodi nent of
t he presdnead formend therfifthvbroad-derncef the pragentf 1YE@E80on- denand franmewor k. 20
Figure 2 shows a time-sequence diagramof the first enbodi ment of the
present invention including the timng sequences for synchronisation and

pl ayback Infa esveatheBroddt s} tea prese@Sinventicpu providedepiptiralifyouf mubifiedt katani sed

encoded data streans .to be_ processed b¥) the. fi r§t embodi nent . of the
present iSHAME praduced in accordance with the first broad form of the present invention.

In an eighth broad form, the present invention provides a plurality of modified data streams

10  produced in accordance with the fourth broad form of the present invention.

Brief Description of the Drawings

The present invention will become more fully understood from the following detailed
15  description of a preferred but non-limiting embodiment thereof, described in connection

with the accompanying drawings, wherein:

- Figure 1 shows a block diagram of a first embodiment of the present
invention implemented using a video-on-demand framework.

20

- Figure 2 shows a time-sequence diagram of the first embodiment of the
present invention including the timing sequences for synchronisation and

playback of encoded data streams.

25 - Figure 3 depicts four unsynchronised encoded data streams to be processed

by the first embodiment of the present invention..

- Figure 4 shows the structure of a data packet used by the SNTP protocol in
a first embodiment of the present invention.

30

- Figure 5 shows an example of an XML-coded message containing



Figure 4 shows the structure of a data packet used by the SNTP protocol in
a first enbodi nent of the present invention. 30 - Figure 5 shows an exanpl e
of an XM.-coded nessage containing - 13 information relating to the |ocal
encoding start tinme of an encoder server wused in the first enbodi nent of
the present invention. Figure 6 shows an exanple of an XM.-formatted
nmessage which is used to 5 request a synchronisation-tinme, and, for
replying to the request for a synchronisation-tinme in the first enbodi nent
of the present invention. Figure 7 shows a block diagramof a recording
session in accordance with the first e]godi ment of the present invention.
10 Figure 8 shows a flowchart of a first” data stream synchroni sation
algorithm wused in the first enbodi ment of the present invention. Figure 9
illustrates the inplenentation of the first data stream 15 synchronisation
al gorithm used in tihforfiatied reia:ﬂutg:itmﬁmloodl emloedlpg@%‘htlmel ofvamenender et ch

frames in the rrultllg R%Fg'd at.a str are selectlvely di scarded or
nodified in order t ‘g}fb st sei)‘ﬁ’@ﬂ%ﬂ}t edﬁeseﬂé IEWPY he data streams. 20
- Figure 10 shows a flowchart of a second data stream synchroni sation

al gorithmused in a second enbodi nent of the present invention. Figure 11
illustrates the i nrﬂlgnerﬁtﬂlbwsmn@kampbexf@md(mmmdm9$Sag¢lwhlqirlé§é¢dtO

|nventr§on|nvvh|chfra s in It| | e c at a amsa

sel ect) vel y di scar JERPST 2 &Y€ 6’658 P cf’é\Ia rﬂ? “&e %Hf‘élfﬁsgaf?fc?n
between the data st ga{fnisdtldUife #7theM¥entboalR&lt o@'ﬂﬁﬂfr@i&lt ilvestierat i ng a
first enbodi ment of "circuitry

- Figure 7 shows a block diagram of a recording session in accordance with
the first embodiment of the present invention.

10
- Figure 8 shows a flow-chart of a first data stream synchronisation algorithm

used in the first embodiment of the present invention.

- Figure 9 illustrates the implementation of the first data stream

15 synchronisation algorithm used in the first embodiment of the present
invention in which frames in the multiple encoded data streams are

selectively discarded or modified in order to provide synchronisation

between the data streams.

20 - Figure 10 shows a flow-chart of a second data stream synchronisation

algorithm used in a second embodiment of the present invention.

- Figure 11 illustrates the implementation of a second embodiment of the
present invention in which frames in the multiple encoded data streams are
25 selectively discarded or re-encoded in order to provide synchronisation

between the data streams.

- Figure 12 shows a block diagram illustrating a first embodiment of circuitry

used to synchronously playback multiple modified encoded data streams.



used to synchronously playback nultiple nodified encoded data streans. 30
-14- Best Modes for Carrying Qut the Invention Figure 1 shows a bl ock

di agram of a first enmbodinent (1) of the present invention including first
and second encoder servers (2,3) for encoding audio-video (A/V) data 5
streans captured fromdifferent sources in a common recording session in
real -time, a session resource server (SRS) (4) for coordinating the
recordi ng session, a data server (5) for archiving synchroni sed AN data
streans received fromthe first and second encoder servers (2,3) into
groups of data streanms in accordance mnth a grouping policy, a video

server (6) for caching groups of synchrénlsed AN data streans received from
the data 10 server, a client server (7) which is capable of accessing
cached groups of synchronlsed AN data streans stored on the video server
via an oBeseModds furQampingOutthedavertioer (8) di sposed at the client
server (7) for decoding the encoded data streans, a sound card (36) and a
vi deo player (37) for playing and renderi ng decoded audi o and vi deo data

respecti Wghite 1l showd!ladbloek Wisiehmt 60d hHst nitRdEnEntSK) | dfethel prebdie iavéntionat
the inplenmentati on 15 of the servers used in the present enbodi nent
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| ocal ar G@ssi@ﬁtmwukce(deﬁwr (SRE) (4)X0r tovainaring ke @térdinpadession eitingisemet 65)of
t he present i nvention, the servers may be |nterconnected usi ng any ot her

sui t abl e [cHehINingyNeiToniseddy ¥ datr piieimsgreseiveduironhhe first andhsecond angedsri ke.
The, ST, Sl TSy n oL B RS HRE SRS BBy 1 v,

Pr ot ocol sdriodyl (8) foecaching g&npmmyncmmmmmsa ttk’amsy&bamd: ifioerk she( 38X
| ocated in each of the first and second encoders (2,3 t he data server

(5), Pnhessrered dient serversl7) veleh dfeanableephk accsssing cqcm:d grpyns efheynehrosissdce

cl ock A/V data streams stored on the video server via an on-demand service, a decoder server (8)
disposed at the client server (7) for decoding the encoded data streams, a sound card (36)
and a video player (37) for playing and rendering decoded audio and video data
respectively. It would be understood by a person skilled in the art that the implementation

15 of the servers used in the present embodiment includes any suitable software and/or

hardware, or combination thereof.

The first and second encoder servers (2,3), the data server (5), the video server (6), the
SRS (4) and the client server (7) are interconnected via a local area network (LAN) (9).
20 However, in alternative embodiments of the present invention, the servers may be

interconnected using any other suitable communication network including a WAN, the

Internet or the like.

The SRS (4) includes a reference clock (39) implemented using a cesium-based clock. The
25 SRS (4) also includes a Simple Network Time Protocol (SNTP) server (10) which
synchronises the system clocks (38) located in each of the first and second encoders (2,3),
the data server (5), the video server (6), and the client server (7), with the reference clock
in accordance with the SNTP protocol so as to ensure that the servers are operating in
relation to a common time reference. Figure 4 shows an example of an SNTP packet used

30 in the first embodiment to facilitate synchronisation between the reference clock of the



in accordance with the SNIP protocol so as to ensure that the servers are
operating in relation to a common tinme reference. Figure 4 shows an
exanpl e of an SNTP packet used 30 in the first enbodinent to facilitate
synchroni sati on between the reference clock of the -15- SRS, and, the
system cl ocks of the encoder servers, data server, video server, and the
client server. The servers used in the first enbodinment (1) each include a
nmessaging interface (11) in 5 order to facilitate inter-server

comuni cation. The nessaging interfaces (11) each include a nessage parser
for interpreting received nessages. Messages are coded in accordance wth
t he Extensive Markup Language (XM.) standard however any other suitable
coding |anguage may be used in alternative enbodinments. 10 In the first
enbodi ment, the first and second encoder servers (2,3) include MPEG .
encoder s SKS,2ndfthe spsteroaiavhs pfitherencaiep egversedata perverpMdsp gerves angd thecdwntiance
with MPEG standard formats. The MPEG encoders (12) each include an audio
encoder af’®k vi deo encoder for encoding a captured audi o data stream and
a captured video data streamrespectively. By way of exanple, the first
and second encoder servers are fed an audi o data stream which 15 has been
capt ur ed Theosereers osadoin thadirst gobediment (19 reachn snchurdeea meessaging mterfasedphbite

13 theatre.. A f le,,the first.and
Secbnd erfbtiidp Tefplerioletspr SamirtnicRbd 2hf HE¥edhp oS (Lt el pfdigd"
respecti vemeéssibé phrsBia¥d iRREMAAP tbeREd UBéREEes SRRASARES afll 8dded inVicdedagedTeEr as

(14,14") nounted at different positions in the sane lecture theatre, 20
The MPEG vwithithe Extersiier Matktip leanguaies(¥Mb) stapdard dowener anydether spitableraodingo

MPEG formatted audio frames. The EG vi deo encoder encodes the captured
Vi deo datFEpELLAY FW@W@@WBV%%%@WP&EO frames. The stream of
‘MPEG- formatted audio franes are nultiplexed with the stream MPEG formatted

video frames to forma streamof MPEG 25 formatted AN data frames.
10 In the first embodiment, the first and second encoder servers (2,3) include MPEG encoders

(12) for encoding their respective input A/V signals in accordance with MPEG standard
formats. The MPEG encoders (12) each include an audio encoder and a video encoder for
encoding a captured audio data stream and a captured video data stream respectively. By
way of example, the first and second encoder servers are fed an audio data stream which
15 has been captured from a common audio source — for instance, a single microphone (13)
mounted in a lecture theatre. Also by way of example, the first and second encoder servers
are fed a first and a second video data stream respectively which have been captured using

separate digital video cameras (14,14") mounted at different positions in the same lecture

theatre.

20
The MPEG audio encoder (12) encodes the captured audio data stream into MPEG-
formatted audio frames. The MPEG video encoder encodes the captured video data stream
into MPEG-formatted video frames. The stream of MPEG-formatted audio frames are

multiplexed with the stream MPEG-formatted video frames to form a stream of MPEG-

25 formatted A/V data frames.

When encoding incoming captured audio and video data, the MPEG encoders (12) embed
a presentation time stamp (PTS) into each frame that is generated — wherein, the PTS of a
frame represents a time relative to the reference clock time, at which the encoded frame is
30 to be played or rendered. Similarly, the MPEG encoders (12) embed a decoder time stamp

(DTS) into each frame that is generated — wherein, the DTS of a frame represents a time,



When encodi ng i ncom ng captured audi o and video data, the MPEG encoders
(12) enbed a presentation tinme stanp (PTS) into each franme that is
generated - wherein, the PTS of a frane represents a tine relative to the
reference clock tine, at which the encoded frame is 30 to be played or
rendered. Simlarly, the MPEG encoders (12) enbed a decoder tine stanp
(DTS) into each frane that is generated - wherein, the DTS of a frane
represents a tine, -16- relative to the comon reference clock tine, at
whi ch the encoded frame is to be decoded. It would be understood by a
person skilled in the art that in alterpative enbodi ments of the present
i nvention, that the first and second é&coder servers (2,3) may encode the
incoming 5 AN data streans into other suitable encoding formats such as
Real Audi oTM W ndows Medi aTM or any conbination of suitable encoding

f or mat s. ralhéveSRIhe ayminan refaesmceaclock gl & whicl the queggded fiame 1y tPé’ﬁﬂ?F?ée%a
common recording schedule to the first and second encoder servers (2, 3)
via its nessaging interface (11). The recording 10 schedul e incl udes

i nf or mat ifogoslalbe UnBers@®Bd BYCOSHrath skiltddtinttheart g iralteansiiwti engbczieichits we the
relative to the common tinme reference, at which the first and second,
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strea (18) ,and, cease_ encodi e, y r StV BRI ofwkS)
res pegf [ \‘;sélé yqﬁigﬁﬁ%s LS Ozili ’ ?ugtra %ltgeernc%)éligg%ggatg%gé¢§gg§%ﬁ§%§* for 'storing,
anongst Qfdpd™ b} AfScombihfionbf suitable@hadding fdrmatshe nunber of encoder
servers (2,3), data servers (5) and video servers (6) connected to the LAN

at any given tinme (9), the activity status of the servers, and performance

it or mat 100 SKovd s ERENCRR soNaF (TS RN RE) Gt WRGRIER shedule

1 nf or mat ase I nstance, noni tori ng and/ or

‘pol i ng tdmeTREMRASEMI2DcodireEveng2 B elaitshadsaging Mterfaceatl il ) &he retdrding
information stored in the database (16) may be updated manually by .a

net wdik seherniesinelades infarmalien B RIECT FCRIVBSTT fiMeArdbt EROSINhERh IMS Fi g.
2, a sch i i r rvers
(2, 3) oSy OTRE S hnh U SRRICaE{de, oL Pple tnd Kk an o g S BEE 0
sets ti mefeoicBminttRce exsdodirig the irvbaitiecaptered data s(réamy (1180 and teasaenaaingthe

incoming captured data streams (18) respectively.

15 The SRS (4) further includes a database (16) for storing, amongst other things, information
relating to the number of encoder servers (2,3), data servers (5) and video servers (6)
connected to the LAN at any given time (9), the activity status of the servers, and
performance characteristics of the servers. The SRS (4) periodically updates information
stored in the database(16), for instance, by monitoring and/or polling the servers to

20 determine their status. Alternatively, the information stored in the database (16) may be

updated manually by a network administrator.

In accordance with the timing sequence shown in Fig. 2, a schedule manager program 17
in the first and second encoder servers (2,3) receives the recording schedule transmitted by
25 the SRS (4) and sets timers in the respective encoder servers (2,3) to automatically
commence encoding and cease encoding incoming captured data at the times designated in

the received recording schedule.

More specifically, the schedule manager programs (17) detect whether the encoder server
30 system clock (38) times correspond with the common encoding start time designated in the

recording schedule. The encoder servers (2,3) commence encoding the incoming A/V data



commence encodi ng and cease encodi ng incom ng captured data at the tines
designated in the received recording schedule. Mire specifically, the
schedul e manager prograns (17) detect whether the encoder server 30 system
clock (38) tinmes correspond with the common encoding start tinme designated
in the recording schedule. The encoder servers (2,3) comence encoding the
incom ng AN data -17- when this conditionis net. Simlarly, the schedul e
manager progranms (17) detect when the encoder server system clock (38)
times correspond with the common end encoding time contained in the

recei ved recordi ng schedul e, and causqlﬁhe encoder servers (2,3) to cease
encodi ng i ncom ng captured data streans (18) accordingly. 5 At the sane
time that the encoder servers (2,3) are encoding the incom ng captured data
streans (18), the encoded AN streans generated by the encoder servers (2,3)
are writtvien this goadition; iggneto Sielseyathg sehedule grappgaprogums(ild) detegtwhen
respecti r ) ¢ .

ki 1 ed e RS B R TRl op ik AptporOniTIRE ShRfforind AL )
begi ns enindtdgained aiihegecspddireecrdiy steduls] abeaisé &) enwioliér shirfdre(2,3) to vi ew
of the unique |atency characteristics, such as initjalisation delays, |oad
library ceSespsodingincaming sapturgd defaiseans (%) Ace4dNElys t he encoder servers

(2,3).c Thus, each encoder servers (2,3) typically conmences encoding at a
different |ocal encoding start tinme and this 15 value is also stored in the

t enpor ar YAtetle tshig tinid that (heSncbderasepitro (2,3 harereasading itheeineomdage captwred \datas
(2,3). By way of exanple, Fig, 3 shows four unsynchroni sed encoded AN data
streams, Streany (183sthecneeded Adastresmsogrnstpted by the;gneader ssmyers | T fygjtien
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the tinme sequence shown in Fig. 2, the encoder servers (2,3) each transmt

? i gzlso?g% ;_[Ngultdhge grlx:ésers(tgfgd g; %t }I)erllgont sq(?fletd {nea'n%ez% that tlleoggl{aletrz]t%g %It r\}&%l(ﬁ‘lt garch
encoder server (2,3) begins encoding incoming captured A/V data streams (18) will differ
in view of the unique latency characteristics, such as initialisation delays, load library
delays and the like, associated with each of the encoder servers (2,3). Thus, each encoder
servers (2,3) typically commences encoding at a different local encoding start time and this

15 value is also stored in the temporary editing files (19) located on the respective encoder
servers (2,3). By way of example, Fig. 3 shows four unsynchronised encoded A/V data
streams, their respective local encoding start times (21), and, their respective latency
periods (20) between the scheduled encoding start time (51) and the actual local encoding
start times (21).

20

In accordance with the time sequence shown in Fig. 2, the encoder servers (2,3) each
transmit a message to the SRS (4) stating their respective local encoding start times (21).
An example format of such a message sent from the encoder servers to the SRS is shown
in Fig. 5.
25
The SRS (4) registers the local encoding start times received from the encoder servers (2,3)
in the SRS database (16). Also, the SRS (4) records the time at which each local encoding
start time (21) is received by the SRS (4) - that is, a register time of each local encoding
start time.

30

The SRS (4) transmits a message to the encoder servers (2,3) once all of the encoder



2T

An exanple format of such a nessage sent fromthe encoder servers to the
SRS is shown in Fig. 5. 25 The SRS (4) registers the | ocal encoding start
times received fromthe encoder servers (2,3) in the SRS database (16).

Al so, the SRS (4) records the tinme at which each |ocal encoding start tine
(21) is received by the SRS (4) - that is, a register time of each |ocal
encoding start tinme. 30 The SRS (4) transmts a nessage to the encoder
servers (2,3) once all of the encoder -18- servers (2,3) in the network
have registered their | ocal encoding start tinmes (21) with the SRS (4).

The SRS (4) determ nes when all encoder servers (2,3) have registered their
| ocal encoding start tines because it 18 aware of the number of encoder
servers (2,3) connected to the LAN (9) at any given time by virtue of the
i nformation stored in the SRS database 5 (16). The SRS (4) further

i ncl udes sarvets @3 is the hetoworls haveoregpteargd rein R8)! mabdihgcséart titnes €21)awitle trenon
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regi ster tine l'ocal encoder start tinmes registered at the SRS (4).
Ot her su |to il BADY (R lat amy given ¢ime byrestuceyf the irdeineationdstored imtheePR& tdatabase
enbodi é) of the present invention which broadly adhere to the foll ow ng
criteriar®5 (i) all encoder servers (2,3) involved in any given recording
session have been started before the determ ned synchronisation tine (24);
and (ii) the local encoding start tines (21) of all of the encoder servers
(2,3) havihe SRSM)r fugthst srchuleata stivemSRBchrbnispdm programm (33) stha¢hhealculates a

synchr Omcgr%trrllo%nsynch%msa? org 2t1r)1e (24) which is to be subsequently used by the encoder
servers (2,3) in synchronising encoded A/V data streams. In the first embodiment, the

10  synchronisation time (24) is determined to be the latest register time of the local encoder

start times registered at the SRS (4). Other suitable synchronisation times may be selected

in alternative embodiments of the present invention which broadly adhere to the following

criteria:

15 () all encoder servers (2,3) involved in any given recording session have been

started before the determined synchronisation time (24); and

(ii)  the local encoding start times (21) of all of the encoder servers (2,3) have

been registered at the SRS (4) before the determined synchronisation time
20 (24).

It would be appreciated by a person skilled in the art that, where the synchronisation time
(24) is set too early, then synchronisation of the encoded A/V data streams will be
unsuccessful given that not all encoder servers (2,3) may have yet commenced encoding
25 the incoming captured data (18). Conversely, where the synchronisation time (24) has been
set too late, then excessive amounts of data may subsequently be discarded, as will become

more readily apparent in view of the following description.

In accordance with the timing sequence shown in Fig. 2, the encoder servers (2,3) transmit
30 amessage to the SRS (4) querying the synchronisation time (24) for the present recording

session. Upon receiving the synchronisation time query from the encoder servers (2,3), the



It would be appreciated by a person skilled in the art that, where the
synchronisation tine (24) is set too early, then synchronisation of the
encoded A/V data streanms will be unsuccessful given that not all encoder
servers (2,3) may have yet commenced encoding 25 the incom ng captured data
(18). Conversely, where the synchronisation tine (24) has been set too

| ate, then excessive anmpbunts of data may subsequently be discarded, as w |
beconme nore readily apparent in view of the follow ng description. In
accordance with the timng sequence shown in Fig. 2, the encoder servers
(2,3) transmt 30 a nessage to the SRGg9(4) querying the synchronisation
time (24) for the present recording session. Upon receiving the

synchroni sation tinme query fromthe encoder servers (2,3), the -19- SRS (4)

Lot he. SRSoURTegEnge bE HeBsiine qursots SHURGn e YT oH g (HRedaie | °*
format usgdeldbnServgs c(?,;i?rFlggfevc? sRows aﬁ)exhﬂpfea&' 4 'rﬁe%&@eafoﬁﬁﬂlchieqnbﬁﬁid on

time query to the SRS message format shown in Fig. is also
sui t abl eeﬁmdeusem;s (}3) sregac(lugata A gymehrfonisgtiors tmadenyem they S«B&n%hum a

| h
reply to the sypchronsation.tige query fothe gsnef Yahg SK () & (gge Hirst B2
respegt anbBBﬁ’nen? & Q@ﬁﬂmﬁﬁkéﬂ@"aaregf W RATRISARAFIAAtion Bintd Guéry! Bt the MSdéﬁE nt

of the present iInvention stream’editing tinme segnent (25) is taken
t o be theemenlsf(2B8&nce bet ween the synchronisation tine (24) determ ned by
the SRS (4), and, the local encoding start tinme (21) of the encoder server
in question. The streamediting time segnent (25) will be different for

each encede en&REN Sérvéli@.3) Qafclilﬁité?,' 4 Seandiias Qim@é'ﬁ“gﬁfbnﬂ 9259'[1;?1 frespecn®Sthe21)
of the encoder servers (2,3). ain, by way of exanp @3 |IIustrates
ouYF

the di ff eneoded &/Vedata steéanm ggnemt Igégﬂﬁm@n(bpg)memﬁ ﬁlafr pEgS ngons Bhig

enco d N data..streans. The m edi.t i
cal c at éﬂe %&ng HECSICRmE @%ﬂ?ﬁ A tgg dl%eggm%%%gg%%%é \%\i’? c ngsfagorslt ored
and execyhRA29NddtEghifArBiae SRY S‘@rz&d thedbeal BREodihg Qamtings/(2¢ NoDIheSatoden
program (23) is witten 1n C+, Java or any other suitable progranmn
server in question. The stream editing time segment (25) will be different for €ach encoder
server due to the different local encoding start times (21) of the encoder servers (2,3).
Again, by way of example, Fig. 3 illustrates the different stream editing time segments (25)

15 for a group of four encoded A/V data streams.

The stream editing time segments (25) are calculated using the stream synchronisation
programs (23) which are stored and executed on the encoder servers (2,3). The stream
synchronisation program (23) is written in C+, Java or any other suitable programming

20 language.

The stream synchronisation programs (23) of the encoder servers (2,3) are also responsible
for automatically editing the encoded A/V data streams stored in the temporary editing
files (19) in real-time. In the first embodiment of the present invention, the A/V data in a
25 temporary editing file (19) is edited in accordance with a first data stream editing
algorithm. Figure 9 shows a flow-chart outlining the operation of the first data stream
editing algorithm upon an encoded A/V data stream as implemented in the first

embodiment.

30 Figure 8 shows, by way of example, an encoded A/V data stream which is to be

synchronised with a plurality of other encoded A/V data streams in accordance with the



servers (2,3) are al so responsible

ion_progranms (23) of the encoder

In the first enmbodi nent of the present invention, the AN data in a 25
tenporary editing file (19) is edited in accordance with a first data
streamediting

operation of the first data stream editing al gorithmupon an encoded AN
data streamas inplemented in the first enbodinent. 30 Figure 8 shows, by

way of exanpl e,

a plurality of other encoded AN data §

al

an encoded AN data str§6n1mhich is to be synchronised with
éans in accordance with the -20-

gorithm Figure 9 shows a flowchart outlining the

first enbodi nent of the present invention. The encoded video and audi o

frames of the

selected fro

vi deo ti FRGege

W

Satecstreameare siowsghin ghe tepppOERry editg filg 9 ansen i
encoded gahz 9t f1§AGhowd ' Wt BRVIRLY frifled (Ul) OseldctedNfrofi tHeClideo fikiMes GPfeat i on
of the first data streamediting al gorithmupon the video data franes and
audi 0 dencadéd date strearh] whizly sbigsfgl@sddédtutingcrifedatand, agetadf audip frames(dkl) (i)

et 5" SIS LSRR S e P RS e, B MR350

encoded AN data streamare stored in the tenporary editing
file of &irstentbodanersafithe presEntgimventnal The showed avidest and aydid foarhesapiethe( 40)
whi ch satisfy a

g encQfel SEEYETt 1 om t he

vi deo franes of. the encoded. dat sgream

| ocat ed bgeratlﬂﬁl SLHR IS dat£ SrddnD Sdikihk &1 s :dgohhﬁe viiB\dafa frided bfid hudibdeo

frame's (

8) PTS and i1ts PTS duration

st r eam edata ifnagees wikk newdreadescr{ted)in gidater detagtas Jo frame 15 (28) is

designated as VF(f) and its PTS is designated as PTS(v).

/is determned to be the tinme interval between consecutive video frame
"PTSs; (iii) Viijleo DaaBshé ReniptRarlyiRaigafilé i§diakdified bé being kRhethdded GamebTS

snmal | er than
10

15

20

25

30

(if)

(iif)

(iv)

V)

(26), or, audio frames (27);

A first video frame (28) is located in the temporary editing file wherein the
sum of the first video frame's (28) PTS and its PTS duration (29) is greater
than or equal to the stream editing time segment (25). The first video frame
(28) is designated as VF(f) and its PTS is designated as PTS(v). The PTS
duration is determined to be the time interval between consecutive video

frame PTSs;

Video frames in the temporary editing file (19) having a PTS smaller than
that of PTS(v) are discarded from the temporary editing file (19). Non-

discarded video frames (26) form the set of selected video frames (40);

A next sequential video I-frame (30) following the first video frame is
located in the temporary editing file (19), wherein, the I-frame (30) contains
all the data needed to construct an image without reference to previous
and/or succeeding video frames (26). The PTS of the I-frame (30) is equal
to or larger than that of PTS(v). The I-frame (30) is designated as VF(0) and
its PTS is designated as PTS(i);

All video frames (26) in the temporary editing file (19) having a PTS that is
smaller than PTS(i) are discarded from the temporary editing file (19). Non-

for automatically editing the encoded
AN data streans stored in the tenporary editing files (19) in real-tine.

reater than or equal to the

The PTS duration



20 that of PTS(v) are discarded fromthe tenporary editing file (19). Non-
di scarded video frames (26) formthe set of selected video franes (40);
(iv) A next sequential video I-frame (30) following the first video frane
is located in the tenporary editing file (19), wherein, the I-franme (30)
contains 25 all the data needed to construct an imge w thout reference to
previ ous and/ or succeeding video frames (26). The PTS of the I-frame (30)
is equal to or larger than that of PTS(v). The I-frane (30) is designated
as VF(0) and its PTS is designated as PTS(i); 30 (v) Al video franes (26)
in the tenporary editing file (19) havipng a PTS that is smaller than
PTS(i) are discarded fromthe tenporary“editing file (19). Non -21-

di scarded audio franmes formthe sel ected set of audio data elenents (41);
(vi) Afirst audio frame (31) is located in the tenporary editing file
(19), wherein the disvardefd aude fPAigesoformitbe $élected setidf audio date eledigntad );an
audio frane 5 duration (32) is greater than or equal to the streamediting
time segnent (25). The first audio frame (31) is designated as AF(0) and
Its PTS is dq%ggnaz&eﬁlrsﬁ%uﬁﬂ;sﬁﬁﬁle qghg i8Udtdled iR MRe SeporafyH editin ”ﬁ(e3@91),' S
determned to e the tine interval between consecutiVve audi o frame PTSs;
10 (vii) Al audi o whexeieghé sum b€thedtffoofathy fiestiaudiogrdmé 1) 28d ahavdindramePTS
value of less than,that qf PTS(a e discarded, fromthe.tenporary editing
file (L9): (viii) 491‘%(‘\?)&&?1815 ng‘é%‘fégﬁ%{’r ar 88‘1‘?;53?3&? STTFP iinenBme ACETERt of
PTS(v) and PTS(a) i3syemiconas ardrs rths(@)1) is Wsighattd TOARES atal #e pafs RTS(0)
is set to a reference clock tinme value of "0; (x) The PTS val ues of each

sel ect ed audi o (41)desigdated deBTHz.Ehe alo frames PTScduratidny(32hes dhitérivaneshioe

between its curr embe\{ﬁcle Hgle?rrlltgrvgirgét@e.én gc?nsecutive audio frame PTSs;

10 (vit)  All audio frames in the temporary editing file (19) having a PTS value of
less than that of PTS(a) are discarded from the temporary editing file (19);

(viii)) PTS(v) and PTS(a) are compared, wherein the smaller of PTS(v) and
PTS(a) is designated as PTS(0);

15
(ix)  The PTS value of PTS(0) is set to a reference clock time value of 0;
(%) The PTS values of each selected audio (41) and video frame (40) is replaced
by the difference between its current value and PTS(0);
20

The DTS of each selected video and audio frames (40, 41) in the temporary editing file

(19) is replaced in a similar manner as outlined above with respect to PTS values.

In the first embodiment, as the encoded A/V data streams in the temporary editing files
25 (19) are edited by the stream synchronisation programs (23), the resulting modified A/V
data streams are written in real-time to streaming memory buffers (34) in their respective
encoder servers (2,3). The streaming buffers (34) are implemented using random-access
memory. The contents of the streaming buffers (34) are subsequently pushed to the data
server (5) by network streaming programs (33) in each of the encoder servers (2,3).
30

In the first embodiment, the data server (5) includes a hard-disk drive upon which groups



___The DTS of each selected video and_ audio frames (40, 41) in the tenporary

editing file (19) is replaced in a simlar manner as outlined above with
respect to PTS values. In the first enbodi nent, as the encoded AN data
streans in the tenporary editing files 25 (19) are edited by the stream
synchroni sation prograns (23), the resulting nodified AN data streans are
witten in r real-tine to stream ng nenory buffers (34) in their respective
encoder servers (2,3). The stream ng buffers (34) are inplenmented using
random access nenory. The contents of the stream ng buffers (34) are
subsequently pushed to the data server_(5) by network stream ng prograns
(33) in each of the encoder servers (2,253)'. 30 In the first enbodi nent, the
data server (5) includes a hard-disk drive upon which groups -22- of
synchroni sed AN data streans received fromthe first and second encoder
servers (o ,sﬁx)c;hrorxis@ AAE Qata etieaxﬂ's’rmceiaéchfrsm the fir{t=hd aecdﬁd\msoddneemm{as),of

related s nch AN dat a ns in accorda

sof t war e- gﬂﬂegﬁl% BFTET ves-tie §TAYRS, ﬁ@@?atéﬁ sm@mlmj HrHGatm
witten i ata 5
server (55?6%? 115%%’5%&8%%2@?04(%%\3@5}‘? gﬁlgl élé syn?ﬂm@m sgéﬁ%}'\l tr gﬂgt%#r;%a%s
with a ugropping pmgmnﬂmgtenm&ofawawmm likeT Ivehich Buytarad) apd execytedragthataal so
stores grou nchr n| sed ta, str comon_spat i al

ool o oPSRe S ararkaia Famey 6f 115 FBte SMPBNIHCA AR TSR aTiE 10

groups OkeRYNRPEQMASHNRE 2 Streams fromthe data server (5). Thus, for
exanpl e, when any given AN data streamis copied fromthe data server (5)

to the video server (6), all AN data streans having the same group nunber
wil | alsa.betransf rred. Al's ntheflrs% ngr rrg he vi deo server
) i mor QB EruRRalck capmatis) Rorks Binybs Sf s cagiee Y
‘groups otoﬁmahgpqams&%m%ﬂﬁ{eaha%arﬁmnw% rBde theqnn@%egdro lfeh%vetdﬂe dat a

server (5). The cache nenory allows a group of synchroni sed AN data
stredfis gupsohsyeboaitedidat stpaes frahi thh dat ssoiet €9)| Thisy foraaxamplej evhendny

r n from n r
service u R A/Wa?a Stream 38 co%lg(l i‘rgmt ’thge a}/aese er)(S) to the video server (6), all A/V

data streams having the same group number will also be transferred.

Also in the first embodiment, the video server (6) includes a cache server (35) having a
15 cache memory for storing groups of synchronised A/V data streams that have been copied
from the data server (5). The cache memory allows a group of synchronised A/V data
streams to be accessed at a speed which is suitable for an on-demand service upon request

from a client server (7).

20 Groups of synchronised A/V data streams are periodically uploaded from the data server
(5) upon request from the video server (6), and, are stored in the video server cache
memory (35) using a combination of suitable caching strategies known to persons skilled
in the art. A download server disposed on the data server (5) assists in facilitating the
transfer of the groups of synchronised A/V data streams from the data server (5) to the

25 video server (6).

The caching strategies are implemented by a caching program stored on the cache server
(35) which is programmed to automatically download groups of synchronised A/V data
streams from the data server (5), and, discard certain groups of synchronised A/V data
30 streams. By way of example, groups of synchronised A/V data streams are retrieved and

stored in the cache memory (35) according to any one of the following factors:



20 Groups of synchronised AN data streans are periodically uploaded from
the data server (5) upon request fromthe video server (6), and, are
stored in the video server cache nenory (35) using a conbination of

sui tabl e caching strategies known to persons skilled in the art. A

downl oad server disposed on the data server (5) assists in facilitating the
transfer of the groups of synchronised AN data streans fromthe data server
(5) to the 25 video server (6). The caching strategies are inplenmented by
a caching program stored on the cache server (35) which is programmed to
automati cal ly downl oad groups of synchrgnised AN data streans fromthe
data server (5), and, discard certain g?r30ups of synchroni sed AN data 30
streans. By way of exarrpl e, groups of synchroni sed AN data streans are
retrieved and stored in the cache nmenory (35) according to any one of the
follow ng factrs: thQBﬁ-ec(uZ)lcy hef theguesresr ¢7) abdquests $@mr aey £ivEn rglqupsoé for
any given group of hro {i&j AN data streans over jven period of
time; (ii) the reI 0%‘6 dpGSHEMPS OVAT aBT¥FHRAS! g‘fOfgWﬁzhrom sed AN data

streans 5 relative to another group of synchronised AN data streans in the
data server (5). Conversely, the caching programidentifies groups of
synchroni sed AN) datthe s¢latdenspatinhiocaliyvef agroupeeh symrlpusﬁseddAW datee str¢anent

server_ (7) within a |ven ti eriod, .and . di scar em fromt cache
server (35) to alld SR & a@ﬁg@ﬁg?‘&’rp 8§/ﬁ}9|‘—ﬁh69n1§f§dg7% ?é F&“ﬁé“ghe%g i ed
fromthe data servengp)s)i nto the video server (6). After the end of a

recordi ng session and arch|V|ng has taken place, the client server (7) my
access a group of synchroni sed AN data streans by sending an access request

to the vi deo se The C|l nt acce uest, i,nclu det Is of
the' f ecol@miSaR BR Aok BisisrdR IASTLET el ot graionrec pAL A el et
‘streans mdzézﬂottmluqlcq&%dwy&he%n&& sre?\)‘é'r gw withfh a giv@ﬁqln&@R&% (Bl d&\édafdsc ache
t he requested group of synchronised ata streans if fequest ed group

of sylfichthem eth thxl Cdeh%sestqrééﬁ)stoeallewn@thelagnoeaﬁyf syachxenised A Vistrbams to be

copied from the data server (5) into the video server (6).

After the end of a recording session and archiving has taken place, the client server (7)
may access a group of synchronised A/V data streams by sending an access request to the
15 video server (6). The client access request includes details of the recording session number
of a particular group of synchronised data streams which the client wishes to review. The
video server (6) will cache the requested group of synchronised A/V data streams if the
requested group of synchronised A/V data streams are not already cached. The video
server (6) will then transmit the cached group of streams simultaneously to the client

20  server (7) for playback by the client server (7).

Figure 12 is a diagram showing the implementation of the client server (7) which
implements the simultaneous playback of the synchronised A/V data streams transmitted
from the video server (6). The client server (7) includes a bank of demultiplexers (42) for
25 demultiplexing the‘ incoming multiple A/V data streams into component encoded audio

data frames and video data frames.

The client server (7) also includes audio decoders (43) for decoding the demultiplexed
encoded audio data frames, video decoders (44) for decoding the demultiplexed encoded
30 video data frames, a client server sound card (36) for playing back the decoded audio data

frames, and a video renderer (37) for rendering the decoded video data frames.



server (6) wll then transmt the cached group of streanms sinultaneously to
the client 20 server (7) for playback by the client server (7). Figure 12
is a diagram showi ng the inplenmentation of the client server (7) which

i npl enents the sinultaneous playback of the synchroni sed AN data streans
transmtted fromthe video server (6). The client server (7) includes a
bank of denultiplexers (42) for 25 denultiplexing the incomng nmultiple AN
data streans into conponent encoded audio data frames and vi deo data
frames. The client server (7) also includes audi o decoders (43) for
decodi ng the demulti pl exed encoded audj,0 data franes, video decoders (44)
for decoding the denultipl exed encoded 430 video data franes, a client
server sound card (36) for playing back the decoded audio data franes, and
a video renderer (37) for rendering the decoded video data frames. -24- The
client server (7) is synchronised with the common reference tine used to
generate t he encoded. AN data streanpg,, and, this.ensures that, the

si mul t anggﬁscq‘ﬁf’%lm‘ifk @f‘stsp?écm?ﬂfﬁ‘?‘fwgg thecmmendefelenice e Bt eHeRY  The
synchr onitg@thQie@f AN Bata! dRBs SAIA! Qhis (chburRBdhat thB&iaeNARRBUS PlSbEIC Bf theTe
may be achi eved using an SNIP protocol. In a second enbodi ment of the
present imultipleiAl, dda steeorsds dmchranisedafhesinchragisatigo of therpliest sengsd7)hand he

stream synchroni satd on pr.ogra (23) of t.he fi and second encodi ng

ser vegs Xez‘f%ﬁ'mf’%r r&f’?”{/)tr‘?’ﬁénag&e ngeyg‘gﬁ%n%%ﬁm‘?{og%gftenpor ary editing
files (19). Figure 10 10 shows a flowchart outlining the operation of the
second data stream editing algorithm upon an encoded AN data stream as

used i n tihe secndrethbodimetitiof the prsegtinyentions psegondisiptaiseany editingplgarithanis
ded AN dat ichistob ised with ather .. AN

5253 ot SaESY he3bEaR autuStrefom esdmed ity & P At sthnBiePGhe BRERAE
| gori t hige,3Y i mdeifOthe NFht A e n L stbred§ hatiete@ibofdrg egiingdflds ANlaFgurstipeam

are stored 1n the tenmporary editing file of an encoder server. Figure 11

al so ¥howkows geovwsthat gutiningthesogerationsef thet segond datat sieeany ediing algesshms t he
encoded gﬁéxgaxf g&%ﬁ% AN QtaSeh Y uBedindROsdchlll BYbBhiARE! & and. & set of

audio fr

Figure 11 shows, by way of example, an encoded A/V data stream which is to be
synchronised with other encoded A/V data streams in accordance with the second stream
15 synchronisation algorithm. The video and audio data frames of the encoded A/V data

stream are stored in the temporary editing file of an encoder server.

Figure 11 also shows a set of video frames (47) selected from the video frames of the
encoded data stream which satisfy a video timing criteria, and, a set of audio frames (50)
20 selected from the encoded data stream which satisfy an audio timing criteria. The
operation of the second data stream editing algorithm upon the encoded A/V data stream

will now be described in greater detail as follows:

(1) Classify data in the temporary editing file (19) as either video frames (26)

25 or audio frames (27);

(11)  Locate a first video frame VF(0) (46), wherein the sum of the first video
frame's PTS and its PTS duration, is equal to or greater than the value of the
stream editing time segment (25). Designate the PTS of the first video

30 frame (46) as PTS(v);



20 selected fromthe encoded data stream which satisfy an audio timng
criteria. The operation of the second data streamediting al gorithm upon
the encoded AN data stream w |l now be described in greater detail as
follows: (i) Cassify data in the tenporary editing file (19) as either
video frames (26) 25 or audio frames (27); (ii) Locate a first video frane
VF(0) (46), wherein the sumof the first video franme's PTS and its PTS
duration, is equal to or greater than the value of the streamediting tine
segnent (25). Designate the PTS of the first video 30 frame (46) as
PTS(v); -25- (iii) Discard all video franmes having PTS values that are |ess
than that of PTS(v) and mark VF(o) as the first video frane in the nodified
stream Video frames which are not discarded forma set of selected video

frames (47); él v) Locate a first audio franme (48) in the tenpor
editing file (D) \Me¢aed nllwncheo feampasdravingdPFS valuesathal ae 1osa thangharod Pélyr%V) ts

PTS dur at | t h
Hime sequent (25 SAddhkaVEGh Fot; oisl sty Shftanfmidied REFA Siidd 12
PTS as PTS(a); 10 (ﬁ«a}néavaﬁa}i fredlok disbadedifbrd Lt of Edlediebvideo framek ewgor ary

editing file (19) having a PTS value that is smaller than that of PTS(a).
Audi o data franes that are not discarded forma set of selected audi o data

f d
(namest o S0 SRRBATEND SR 3h e e BEtF B g0l BBl FEC)
reference value O; shivi bf téflist auliideframewders Abd daf RTSt digation is efueal ttengaor ary

editing file (19) by decoding the original streamfrom PTS(v % onwar ds for
video frames and ferestsrphay e bﬂ%ﬂﬁéhef greagy edigng tupg segmand (23)e Resiepateng

t he decoded dat a Z%Caﬁ Sga%rg?‘gf acéo )g%f:n? ?’ré%@iﬁrs a result of the

re-encodi ng of the P& reEicoded as an
l.-frame;

10 V) Discard all the audio data frames in the temporary editing file (19) having a
PTS value that is smaller than that of PTS(a). Audio data frames that are not

discarded form a set of selected audio data frames (50);

(vi)  Compare PTS(v) and PTS(a), wherein the smaller of PTS(v) and PTS(2) is

15 designated as PTS(0) and its value is set to clock reference value 0;

(vii)) Modify the encoded A/V data stream in the temporary editing file (19) by
decoding the original stream from PTS(v) onwards for video frames and
from PTS(a) onwards for audio frames, and, re-encoding the decoded data

20 as a modified encoded data stream. As a result of the re-encoding of the

selected video frames, VF(o) is re-encoded as an I-frame;

The term "I-frame" or "key frame" in the specification refers to a type of frame used in
accordance with MPEG standards which contains all the data required to recreate a
25 complete image without reference needing to be made to preceding or successive frames in
a given data stream. It would be understood by a person skilled in the art that in alternative
embodiments of the present invention that other types of suitable frames may be used.
It would be understood by a person skilled in the art that throughout the specification the
term "data element", "frame", "packet" and the like to refer generally to unit of data.
30

Those skilled in the art will appreciate that the invention described herein is susceptible to



The term"I-frame" or "key franme" in the specification refers to a type of
frame used in accordance with MPEG standards which contains all the data
required to recreate a 25 conplete inage wthout reference needing to be
made to preceding or successive franes in a given data stream It would be
understood by a person skilled in the art that in alternative enbodinents
of the present invention that other types of suitable frames nmay be used.
It would be understood by a person skilled in the art that throughout the
specification the term"data elenent”, "frame", "packet"” and the like to
refer generally to unit of data. 30 Thggq skilled in the art wll

appreci ate that the invention described herein is susceptible to -26-

vari ations and nodifications other than those specifically described

wi t hout departing from the scope of the inyention. Al such. variatjons and
modi f i catvRB#IQsiaaA mpskisationppthekthan these Wé%%@yélﬁqué& Wifhqup depgrting TR, g
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i ncl udes patsbnssiitled af it argrshoaldcbenodisidersslt foofall. witlia thespinitiand sabproof thel udes
all of the steps .and _featuyres, referyed or. indicated in, the ecification,
i ndi vi duahyeptign aéd?fP@Hi/ihﬁéﬁfl&)‘?ef%dg%ﬁﬁ?{’efgria 15,9 q’@o %ﬁ??%ﬁ@ato‘?gdnye% or
more af sal : iTHE THeANE OE I NEudsEall BVERTHGN ARE
AS F&Loﬁl‘%itagg\éflgga %@E‘g%ﬁ‘i ro?)lgi?czaitlggga pl ur alli t)fl ofl erlllcode_d dat a &

st reans: amhémaires, eefehred ocimdadtedah shesspeeifications indieiduallpbucalectiyelpfandi agyo
data elenments having a video timng [nformation, and, a plurality of audio
data el eﬁ%ngt*’i COIHSW%B‘S’Q‘?{“HMGWB of W%g%aﬁfﬁwﬁqq EHUShe said device

i ncluding: a means of selecting a set of video data el enents from each
Fncoded data stream wherein the video timng information of the video

d

ata elenments in each set of selected video data elenents satisfy a video
timng criteria;



a neans of selecting a set of audio data elenments fromeach encoded data
stream wherein the audio timng information of the audio data elenents in
each set of selected audio data elenents satisfy an audio timng criteria;
a neans of nodifying each set of selected video data el enents, wherein a
carrespondi ng nodified set of video data elenments is output; a means of
nodi fyi ng each set of selected audio data el enents, wherein a

correspondi ng nodi fied set of audio data+lenents is output; wherein, the
nodi fied sets of video data el ementsyand their corresponding nodified sets
of audio data elenents forma plurality of nodified encoded data streans,
wher eby said I FIQEN W@d’ ARE AlS'IFGLE synchroni sed;
wherein said vi e(%d%% %g: cri t(férl alnc ugﬂgﬂdet e?tr% ni ngoy)h%t her a
presentation time stanps of video data elenents in each encoded data
stream are equal to or greater than the presentation tinme stanp of a
ref er ence vi dedevikstfor syhéwenizing aplutadity efspeaded data sieapded data streans; and
wherein said reference video data elenent is determned froma stream
editing tine intshewin each @cpéft@daimtreamdedudmaapblrdimmfViidwl ddes a video
dat a el enent h n a re A th erence
vi deo data e !frlrnee é’ ag’? ser#j 3t g,ﬁ n ang a&n?fa B’so%?@géﬁnPftlﬁ%%%n?{

stanp durati hmvmgaqumd»nmmgonfognﬂ&her than the streamediting tine
interval . 28. 2. The gev.i ce as. clainmed in claim1, wherein the reference
video data el ementhestid ﬁﬁ‘ﬁe’éﬂﬁgﬁgd data streamincludes an |-frane, said

| -frame containi NgmeddsOfRBLEtRIE 4 Rt 6PVIAES dath eRitncnfPEEm et diRuled &fter ence to
ot her video data elenents in the respective encoded data streans. 3. The

devi ce as cl 8o Whergingthevideg tinging wfem@atwntqféhwd%dvﬁémaﬂtm&qd@ fete
stanp durati Qﬁselécfa&d W65 data élbﬁﬁn@g kb6 ERE& tﬂhﬁmp'éﬁ%nsonsec utive video

‘prbsentatlon time stanps. evice as C I'n any of clainms | to 3,
wher ei n the cal cul mednsof eflecting larsetofi audia dategelemente fiom eack aiicolded data stieasmcoded

data stream \Izvﬂngeﬂldtgg audio timing information of the audio data elements in each set of selected

audio data elements satisfy an audio timing criteria;
a means of modifying each set of selected video data elements, wherein a
corresponding modified set of video data elements is output;
a means of modifying each set of selected audio data elements, wherein a
corresponding modified set of audio data elements is output;
wherein, the modified sets of video data elements and their corresponding
modified sets of audio data elements form a plurality of modified encoded data

streams, whereby said plurality of modified encoded data streams are synchronised;

wherein said video timing criteria includes determining whether a presentation time
stamps of video data elements in each encoded data stream, are equal to or greater than the
presentation time stamp of a reference video data element in the respective encoded data streams;
and

wherein said reference video data element is determined from a stream editing time
interval, said reference video data element includes a video data element in each encoded
data stream wherein the sum of the reference video data element’s presentation time stamp
and its presentation time stamp duration is equal to or greater than the stream editing time

interval.



a neans of detecting a |ocal encoding start time for each of the encoded
data streans, said |local encoding start tine being the actual tinme at
whi ch an encoder server comenced generating the encoded data stream a
means of registering the local encoding start time of each of the encoded
data streans wherein a |local encoding start time register tine is neasured
for each encoded data stream a neans of determ ning a synchronization
time, said synchronization time being equal to or greater than all of the
| ocal encoding start tinme register tpges nmeasured; whereby the stream
editing tinme interval of each encoded data streamincludes the difference
bet ween the synchroni zation tinme, and, the |ocal encoding start tinme of the

respectiye enpRIRMicHN daifled §Rm B whid: tHENIFGTEnce Yideb dhtTRRmieAt GH¥ch¥ncédedl NB
1to 4, wherein said video data el’enents in each encoded data st ream

havi ng a pr esteftsiresm inclydepansk-Game, stid &-framg gontpiging infomnationito.epnstrypb ak imagy  of
the refer encewwo%% ﬁ’a%@toedtﬁé?%ﬂfeoh&akﬁgxeﬁtﬁﬁpﬁé}é &n@é‘&ﬁ@&éﬁ dlai @redth{ €ans,

are di scarded. evice as clalnmed 1n any of clalns to 5, erein
said audi o tlnlng crlterla i ncl udes determ ni ng whet her the presentation

time st HTPS Olth[e %&qlze as%‘a ?Lc?ﬁﬁqtﬁ' 2I &}he?giﬁ Iﬁleex?&e%q)?%]pg@ﬁ& tithé Q%ﬁ%ﬂﬁcfg%icg\r eat er

t han or equal resen Hon i v erence au

elenent int hm:ludespembldﬁemme bewdexd@mgtacsm\reemim préntatioh tinfdxampsvi ce as
claimed in any of clainms 1 to 6, including a neans of determning a
reference audio data el enment in each encoded data stream said reference

audi o dat a ghedeide dskbiimet mgnylaf@aidisqtda,tvaaeeélﬂmmblcwh&meéﬂa strefm sdith®f t he
ref erence audi o, dat& el e nt s resentatlo time stanp and its audio

present at i on UefeaLinpeagh pagodedhdaty streamgdnglude; o greater than the stream

$th ng time intefehnsQf d&t@&m"g%ﬂ&ﬁ?éﬂc&&n@&ﬁ@ﬁﬂﬁ fékedadh ofithé &R%08ed dita The
ice as claimed in claim?7, wherein the audi o _presentation tine stanp

duration i ncFERIEs. @idIpeal cerogme staridimedwingdbaactush ime at whieh anencedss sa¥@nt at i on

time stanps. commenced generating the encoded data stream;

a means of registering the local encoding start time of each of the encoded data
streams wherein a local encoding start time register time is measured for each encoded data
stream;

a means of determining a synchronization time, said synchronization time being
equal to or greater than all of the local encoding start time register times measured;

whereby the stream editing time interval of each encoded data stream includes the
difference between the synchronization time, and, the local encoding start time of the

respective encoded data streams.

v 5. The device as claimed in any of claims 1 to 4, wherein said video data elements in each
encoded data stream having a presentation time stamp less than the presentation time stamp

of the reference video data element in the respective encoded data streams, are discarded.

6. The device as claimed in any of claims 1 to 5, wherein said audio timing
criteria includes determining whether the presentation time stamps of audio data
elements in each encoded data stream are greater than or equal to a presentation time

stamp of a reference audio data element in the respective encoded data streams.



9. The device as clainmed in any of clains 7 or 8, wherein the audio data

el ements in each encoded data stream having a presentation tine stanp | ess
than the presentation time stanp of the reference audio data el enent in
t.he respective encoded data stream are discarded. 10. The device as
claimed in any of clains 1 to 6, wherein thée neans of nodifying the video
data elenents in each set of selected video data el enents includes

nodi fying a video timng information of the video data el enents in each
set of selected video data elenents. 11. The device as clained in claim
10, wherein the neans of nodifying t k& vi deo timng information of video
data elenents in each set of selected video data el enents includes: a neans
of conparing the audio presentation tine stanp of the reference audio data
el enent 7n e@hbdevicoseelaihtddining @f@laint b t lBeincluliing pheaanbhidétermininga st anp

of the reference video data elenent in the.encoded data, stream erein
Che ol | o ISOERes audiy do By Alemein ok Parodrd AR SRl SALLEFIRAG ISt arp

and the ref eqfheRnydnd @Rc16dEh  an BhEARla dNRsR Khatdif Fhel JufftoStha fferende audio
designated ag a starting presentation tine stanp in the respectiye encoded
dat a st r eam 932 plsHgRt DRTescAtatignime, stampAnd; i pudiQ Brese R TE SR MR dYFAtIoR

each encodedisdghsl to D GRAMY ifan theStdhth effing i iNBHvVHFof t(ROrespRtiEaitsddd data
replacing the presentation tine stanps of the video data el enents in each

set of sel ect®d¥m%i deo data el enents with the difference between the video
presentation time stanps and the starting presentation time stanp. 12. A
device for synchronizing a plurality of encoded data streans using a system
resource server, said systemresource server including: a neans of

det er m r. ng Ehesdevide anclaahedin tlaim;7, avheedinshohudiegirstentativn timeatahp encodi ng

r [ h en reamin he. pl ur.al i f en
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9.  The device as claimed in any of claims 7 or 8, wherein the audio data elements in each
encoded data stream having a presentation time stamp less than the presentation time
stamp of the reference audio data element in the respective encoded data stream, are

discarded.

10. The device as claimed in any of claims 1 to 6, wherein the means of modifying the
video data elements in each set of selected video data elements includes modifying a
video timing information of the video data elements in each set of selected video data

elements.

11. The device as claimed in claim 10, wherein the means of modifying the video timing
information of video data elements in each set of selected video data elements includes:

a means of comparing the audio presentation time stamp of the reference audio
data element in each encoded data stream with the video presentation time stamp of the
reference video data element in the encoded data stream, wherein the smaller of the
reference audio data element presentation time stamp and the reference video data
element presentation time stamp, is designated as a starting presentation time stamp
in the respective encoded data stream;

a means of setting the starting presentation time stamp of each encoded data

stream to a starting time value;



a nmeans of communicating the synchronisation tinme to an encoder server; a
common reference tinme clock; and a neans of synchronising the comon
reference time clock with the encoder server clock. 13. A nethod of
synchronising a plurality of encoded data streans: wherein each encoded
data streamincludes a plurality of video data elenents having a video
timng information, and, a plurality of audio data el enments having an
audio timng information; said nmethod inctuding the steps of: (i) selecting
a 'set of video data elements from each gncoded data stream wherein the
video timng information of the video &@ta el ements in each set of

sel ected video data elenents satisfy a video timng criteria; (ii)
thereafter, selecting a set of audio data.elenents fro ach. en ?ded dat a
stream wherein t%@eg’éﬁj?tgreﬁ’?arﬁ‘%%h%?’(???fﬁf‘fl% tigye ?tﬂ’é‘pél?g]itge difeg ‘gﬂ fnents in

each set of ¢fphentdifdacdhidi 6F ARERA SRR IchitintsSiivh B defestintebefea ti i teri a;
(iii) thereafter, nodifying each set of selected video data el enents,

wherein a cdideepmsantation tipel stampg andthe startingpreseatatian BMEFRMPs | s out put ;
(iv) thereafter, nodifying each set of selected audio data el enents,
wherein a corresponding nodified set of audio data elenents is output; 31.
wherein, the nodified sets of video data el enents and their correspondi ng
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synchr oni sedserwdigsaid systeimaesoutbeaetvemninelgdingi t eri a i ncl udes the step of
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each encoded dat a® DEPEHAcEUning 3 synchioniggloR MG, o ¢ han the presentati on
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»%ta streans.
(<.

the plurality of encoded data streams;

a means of communicating the synchronisation time to an encoder server;

a common reference time clock; and

a means of synchronising the common reference time clock with the

encoder server clock.

13. A method of synchronising a plurality of encoded data streams:

wherein each encoded data stream includes a plurality of video data elements

having a video timing information, and, a plurality of audio data elements having an

audio timing information;

said method including the steps of:

(1) selecting a set of video data elements from each encoded data stream,
wherein the video timing information of the video data elements in each set of
selected video data elements satisfy a video timing criteria;

(ii) thereafter, selecting a set of audio data elements from each encoded data
stream, wherein the audio timing information of the audio data elements in each
set of selected audio data elements satisfy an audio timing criteria;

(iii) thereafter, modifying each set of selected video data elements, wherein a
corresponding modified set of video data elements is output;

(iv)  thereafter, modifying each set of selected audio data elements, wherein a

corresponding modified set of audio data elements is output;



e

.

14. The method as clained in claim13 wherein the step of determning the
reference video data el enent includes the further step of (i) calculating
a streamediting tine interval; whereby, the reference video data el enent

~includes a video data elenent in each encoded data stream wherein the sum

of the reference video data elenent's presentation tine stanp and its
presentation time stanp duration is equal to or greater than the stream
editing tine interval. 15. The nmethod as ctlained in claim13 or 14, wherein
the reference video data el ement of eacBl. encoded data streamincludes an
|-frame, said |-franme containing information to construct an inage w thout
reference to other video data elenents in the respective encoded data
streams. = 16. TR iBhMemBdacd PdGiiddd @ieiohedtd dTheidéoriegpdidingshedifiec: t he
video presentation tine stanp duration includes a tine gl fference between
consecut i vesets afeudjor dasmelements form p pluralitypfanodifred encadetedaid TSNS | ai ned i n
any of cl ai 13 10 ercel N r¥d {inBitoRis&L; r €eam edi ting
time interv‘gﬁerf%fSaé%élﬁragﬁ'c(ﬁ%@lﬁﬁggéi‘%?g%sl %:r%uagge?n?lﬁe further steps of:
32. (i) detecting a |l ocal encoding start time for each of the encoded data
streans, said | ocal encodi. tart ti Heal -' pRNcoder
server comencesY ARGt ivdg'%? méﬁ:&g edlg‘gg?%&sl?rgtgg%w?%ﬂlhiﬁgﬁggﬁer

r egi st er i NgprédeftatiGicithe sampsibMgdent datd elements if cacheticodéd déte seearn deaiearat @
streans wherein a | ocal encoding start ti register.ti i for
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time, said N AL SRE 4 strédi®s. bei ng equal to or greater than all of the
| ocal encoding start tinme register tines nmeasured; whereby, the stream
editing tinme interval of each encoded data streamincludes the difference
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respective enco a streans.
video data element includes the further step of:

(i) calculating a stream editing time interval;
whereby, the reference video data element includes a video data element in
each encoded data stream wherein the sum of the reference video data element's
presentation time stamp and its presentation time stamp duration is equal to or

greater than the stream editing time interval.

15.  The method as claimed in claim 13 or 14, wherein the reference video data element of each
encoded data stream includes an I-frame, said I-frame containing information to construct an

image without reference to other video data elements in the respective encoded data streams.

16.  The method as claimed in any of claims 13 to 15, wherein the video presentation

time stamp duration includes a time difference between consecutive video presentation

time stamps.

17.  The method as claimed in any of claims 13 to 16 wherein the step of determining a stream editing
time interval for each encoded data stream includes the further steps of:



18. The nmethod as clained in any of clains 13 to 17 including the step of

di scarding video data elenents in each encoded data stream having a
presentation time stanp |l ess than the presentation tine stanp of the
reference video data element in the respective encoded data streans. 19.
The method as clained in any of clainms 13 to 18 wherein the audio timng
criteria includes the step of determ ning whether the presentation tine
stanps of audio data elenents in each entoded data stream are greater than
or equal to a presentation time stanp of ? reference audi o data elenment in
the respective encoded data streans. 20. %é met hod as clainmed in claim19
including the step of determning a reference audio data elenent in each

ded data st i f di o dat i ncl udi ng. . di
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equal to or greater than the streamediting tine interval of the
respective encodethegirodeddeiasyi®; 33. 21. The nethod as clained in claim 20

wherein the qgdi OgRfRRE episteARg thdTTocal aﬁadiﬂg skt fie I0PCatHIBA R dricH®ed data
di fference bet'ween consecutive audio presentation time stanps. 22. The
nmet hod as cl ai medstteamg whereih adpcal ¢nsoding stast time ragister Hing i mﬁr@sng@peash encoded
di scardi ng audi o | ements in each encoded data stream having a
presentation tinme stanp 1ess than the presentation tine stanp of the
ref erence audiiip dthbmaftdrcaleulbtinga syhdhronisspi@ctime; said eymclrdwishtidn time being aqual RG.

The nmethod as clained.in an laijns 13 to 22 wherej.n the step of

modi fyi ng the vi d%'cﬁ‘%“é"t’ghaé’|aﬁr?gh’t°§°‘iak"“§8‘%‘ﬂg5%?%8?‘%{"6’&‘{‘%‘ QI dat a

el ements includes the further step of nodifying the video timng

I-nf ormation of the video data_elements in _each set.  of selected video data

elenments. 24. THECKRY: HSdiren editng b mtervaljof pach one i styeqnp cluges the, ¢

modi fyi ng t hg;riiel8ObdtivBin e synBirBhiSRioh ¥ieOfind! iHiQ6cafladBd) SARMnfe dftheach set
of selected video data elenménts includes” the further steps of.
respective encoded data streams.

18. The method as claimed in any of claims 13 to 17 including the step of discarding video data
elements in each encoded data stream having a presentation time stamp less
than the presentation time stamp of the reference video data element in the respective

encoded data streams.

19. The method as claimed in any of claims 13 to 18 wherein the audio timing criteria
includes the step of determining whether the presentation time stamps of audio data
elements in each encoded data stream are greater than or equal to a presentation time stamp

of a reference audio data element in the respective encoded data streams.

20. The method as claimed in claim 19 including the step of determining a reference
audio data element in each encoded data stream, said reference audio data element
including an audio data element wherein the sum of the reference audio data element’s
presentation time stamp and its audio presentation time stamp duration is equal to or

greater than the stream editing time interval of the respective encoded data streams.



(i) conparing the audio presentation tine stanp of the reference audio data
el ement in each encoded data streamw th the video presentation tinme stanp
of the reference video data elenment in the encoded data stream wherein the
smal.ler of the reference audio data el enent presentation tinme stanp and the
ref erence video data el enent presentation tinme stanp, is designated as a
starting presentation tinme stanp in the respective encoded data stream
(ii) setting the starting presentation time stanp of each encoded data
streamto a starting tinme value; (iB3) replacing the presentation tine
stanps of the video data elenents in each set of selected video data
elements with the difference between the video presentation tinme stanps

and the gt ar tyfa0mPhed a8 #ined id tlm 03 Rerein the audio presentation time stamp

duration includes a time difference between consecutive audio presentation time stamps.

22.  The method as claimed in any of claims 19 to 21 including the step of discarding audio
data elements in each encoded data stream having a presentation time stamp less than

the presentation time stamp of the reference audio data element in the respective

encoded data stream.

23.  The method as claimed in any of claims 13 to 22 wherein the step of modifying
k} the video data elements in each set of selected video data elements includes the further

step of modifying the video timing information of the video data elements in each set

of selected video data elements.

24, The method as claimed in claim 23 wherein the step of modifying the video timing

information of video data elements in each set of selected video data elements includes

the further steps of:

(i) comparing the audio presentation time stamp of the reference audio data
element in each encoded data stream with the video presentation time stamp
of the reference video data element in the encoded data stream, wherein the
smaller of the reference audio data element presentation time stamp and
the reference video data element presentation time stamp, is
designated as a starting presentation time stamp in the respective encoded
data stream;

(i)  setting the starting presentation time stamp of each encoded data stream to
a starting time value;

(iii) replacing the presentation time stamps of the video data elements in each
set of selected video data elements with the difference between the video

presentation time stamps and the starting presentation time stamp.



