;e3e0@L6T@1 A DEVI CE FOR SYNCHRONI SI NG DI G TAL DATA STREAMS | N REAL-TI ME
Technical Field 5 The present invention relates to a device and nethod for
synchronising signals in real-tine, and in particular, digital audio and
video (A/V) 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
streanm(s), and auxiliary text streans, across the Internet froma server to
aclient in response to the client's request. 15 Recently, with the

energence o 1 e (a1 Rl L),
cabl e m)derf% %m%ﬁ%wﬁ;ﬁggmlm‘%kzﬂ%ﬁ% gm%mﬁm ity
audi o and video data transm ssion ll}ip(f“;- d. As such, a perceived need
has devel oped for the VOD framewor GEW multiple A/V stream

si mul t aneous pl ayback wherein 20 nultiple A/V data streans representing

di fferent aspects of a conmon recording session are transmtted fromthe
VOD ser verTechnichEFizld ent . For instance, students may seek to view a
pre-recorded university lecture. In order to facilitate this situation, two
vi deo streans may be generated fromtwo separate caneras 25 wherein a f| rst
camera Capiieseht ihGGiidheelaftd ¥ QEHiRadd hl%ﬁ}%@rfor Whlchhistn S8 ERElincRAB R,
captures Iectpure notes that are projected on to an overhead screen, and a
mcr ophonend:aptnartemiatrhélmljauﬂlccmpaném (&)t Hignale gonatitad byewyltple eqepders
captured vi f}trea each encgg\?mﬁnth the captured audio streaminto
dat a encodlryF'6PHeES St e%gnl\‘}lgﬁﬁ” WSS aTM  and Real

Audi o/ Vi deoTM whi ch enabl es students to access nultinedia 30 educati onal
resources on-1line. -2 Another application of multiple AV streans

si mul t EheBrskplronndaafthalnsendionhere 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 couféo-60aemaad tsefliRaNtyDical ¢ Nindslve atly atr@amiig DEISe®red WrampSof data
defendants and the |like. 5 At "a later tine, a judge or any other jnterested
party can srrream%wcmd@lg:wtdw stfeamaiaudie supana(s) dEpt %‘i@ﬂﬁﬁbe agd AW By IEXt
session b V|rt I of

it pre. SUH Bt Psfu R PR ot £Erfane Rt cReftn SBMSRIR RIS P )
Al'V stiseans are sinmul taneously played back 10 using prior art arrangenents,
t hey have tended to suffer from synchronisation problens, One or ~whi ch

cont ri but scemly, pyith meo%n@rﬁf—'m@ efhwtdeband a@@mélﬁcwér%s e shigital SHL% 5 {R%Pens
exper i enC?DgLLf c%"n %‘ﬁa‘é‘”a% a8 Ctﬂ?er }léag LCSE 989 ts&vH:% &vibid tllugh @%ﬁi)ﬁn
peri ods, per| ods an €. Consequent pI c

have been aﬁ@ﬁtanﬁe.ddebyd@egazﬁmm@mm m8rea§edd kfsacle ratpdrd:amexl wded Handovelewtd y
rendered on a client's screen at the sane tinme. The sane 15 ncCF(ro isati on

probl em af®ledies’ @RelrangpPtkaineBpeoR ImByIHRIKACY SHERIT él@‘elﬁaé'&ﬂﬁs B BN
art. qoeaHL¥W1%M REQRL S ?eﬂ‘f‘@&ﬁﬁhé %ﬁ#&eﬁt%s e&f§% 'br&ﬁﬁé solsldn
servi ce as user s per Ceptl on O or rTB.tI n re aye e prior art 1s

adver sel y agftresheed fPomahe ¥AD sarvenbitindidaave att enpt ed to rectl fy this
probl em by enpl oyi ng high precision 20 system cl ocks to synchronise
conponents in the VOD systemw th hardware cl ock synchronisers |located in
separat e n R (R - P RMuniVONRY GEorufeisg b @ACh
has fail egﬁ?@,{%ﬁ £ ?tglagﬁtp%ggypro §1lgecatﬁsggrt he recolr y3a‘%a streans nust
still be fizlitatel thisedivagdn ummgpdpo mfrems maarl bwgdwtadldroaudwm sephrate rggimeras

softwgre on a.l abgrious frameb-frfame ang l% bas S
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bei ng avai or distributio la the prior art VOD network. Summary of
t he | nventapure80heThedipreosgponentmietht irerrdieg ksessia@. pﬁbV|CdEtuasdd@dﬂ@étr¢m5 argnd a

nmet hod of, ynchro IS encoded audi 0-vi sual, dat a ns_.in rea

ot R SERaGF e ShRBr it et BS ok R Tha e b QultR T
synchroni svifdo®s MddiaM by REal NGRSt avaich @AMes WIGHRI & ROER mANGeder
data streamincludes a plurality of video data el ements having a video

ti m ng0i ntdroatonamesoarngs oa-lpleur al i ty 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 elenents fromeach encoded data stream wherein the video
timng information of the video data elenents in each set of selected video
data el enents satisfy a video timng criteria; 10 a neans of selecting a

set of audio data elenents from each encoded data stream wherein the audio
timng information of the aud| o data elenents in each set of selected audio

N



a neans of nodifying each set of selected video data el enents, wherein a
correspondi ng nodi fied set of video data elenents is output; 15 a neans of
nodi fyi ng each set of selected audio data el enments, wherein a correspondi ng
nodi fied set of audio data elements is output; wherein, the nodified sets
of video data elenents and their corresponding nodified sets of audio data
elements forma plurality of nodified encoded data streans, whereby said
plurality of nodified encoded data streaps are synchroni sed. 20 Preferably,
the video timng information of the video data elenents in each encoded
data streamincludes video presentation time stanps representing the
sequenti al, order in which _each vj dat a.el [ be. ;

di op ay i pe el g sl VA BB bR bR SAERARMRRY
timng i nfameali #8 16datdder aLdi® réehaoakesradifelent aarbisesodedt dedsionst Feam

i ncl udes audi o presentation tinme stanps representing the sequential order
in which ég#ncgudi mayldicavesfalnionconarmentip capiuzs die PRPIEFEONScERER TSpeligicted
data stre f A i L ' : ' i dat a
el ement s | APRRE o BORL A pa SRt R R R R PR, Bl D T
represent i A labe 1hes]ugnigabr ayd@hel mtetbbtehpaacten revibw thgaapaintdaeliemvisul i s
to be decoded in the respective encoded data streans, Preferably, the audio
timng i nfSSE#AS oM BF A0E GUHeEsI¥ BraHiue 9ia F5UP SEiEIRRaRIgO4 sEiaggpus

i ncl udes ﬁ)q%jbgcpg%gﬁ{p]gi‘{ﬁo_g}sﬁm‘:@%pr esenting the sequential order in
a i's

whi ch eac audi o a elenmen 0 be decoded in the respective encoded
data streans. Preferably, the video timng criteria includes determ ning

whet her the presentation tjnme stanps_of video data el enents ipn each, encoded
data stredfVArE buRArCP Y biagvast gwltflﬂaMh%reﬁwsﬂéw%”ﬁ@ﬁew%pgy i a

referepce - ]fgrggﬁ i Gt V% Vit Ghiddiof L ERERs.
Preferggl9¥h%ﬁguﬂ§gﬁg§% ebgfgrﬁpﬁggﬁﬁgﬁ@é?éﬁg%ggﬁgﬁgeo da#a gl ﬁent ®
i ncl udes: Gnenfeanswhicha@htibuadsitoghia psdhi@ans tdi varigstenoslerntsed vabrionbystestsy ,

the reference,video.data el enent incl.udes a videa dat.a el enent, iin each 15
bncoded dETBCIATE QAR JEFPE FBASIAHEHFS SHrdo N GEaR B G RO et TDr SIS o

present at if@Rodd IR (AL BRE EeddeinPRs8Rkahdt ¥avE bEE GhARR BHERatR8 crfier@é Bl
to or greater than the streamediting tinme interval. Preferably, the

r ef er ence diffetent tats arel mvemectyf reederhd emcao dbeht'd sceeentat dhersame tiante sSThensame20

frame,,said |-frane cont.aini information t onstruct. an inmage W thout
Fef er ehice SRTEOTISAIOp Ry o irois i Shpataneotyspdeybagk f aidje SEraitidte dhg Brtor
streans. BHEDRLAR! this pBlohh ACthRERAOTAE W8 & ABrist ATV ODIBHIQNad theluddes a
time difference between consecutive video presentation tine stanps. 25

Pr ef er abl percepleomefanfroftiomalapedtbiyrthe ariet arbwradediselyragfeciede i nterval for
each encoded data streamincludes: - a neans of detecting a |ocal encoding
start tinme for each of the encoded

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.




data streans, 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 tinme of each of the encoded
-5 data streans wherein a |local encoding start time register time is
measured for each encoded data stream - a neans of determning a

synchroni sation tinme, said synchronisation tine being equal to or greater
than all of the local encoding start tinge_-register 5 tinmes neasured,
whereby, the streamediting tinme interval of each encoded data stream

i ncludes the difference between the synchronisation tinme, and, the | ocal

di ' f [ d d - :
Vi deo dat A" a1 rbHPE R df P ERRE L faf BENFE VSR S ol ol kHIERAR, 1,

st anp | essfihaddct deapiesagt ation tinme stanp of the reference video data

element in the respective encoded data streans, are discarded. Preferably,
the audio tim rngheseintesch serncoded date eerwy HicHAdsy aRBEHEY 9fh¥idse kst clamats

time 15 stapps .of ;audi o data el.epent,s._i - LLEAM AT R di
greater tﬁl el e %Oaﬁmfn(?l tf°|5Irnea£l§1rll’t;'{allltdf %hn‘}riﬁﬁg%sft%ggrrlgq%?a g%g?%r encg] au igj

dat a e!serr&_ﬁ\ﬁin'qufbhﬂatrﬁpecti ve encoded data streans. Preferably the present
i nvention includes a neans of determning a reference audi o data 20 el enent

in each encodedheigaiddevipeusludsis d ref erence audio data el ement including an
audi o data el emenlgagvygoﬁrfps%geggﬁgg seLgp Whe(% N8 SLRERDGRNAUAINABES EhETRBAMS

presentation ti S audi'0 presentation tine stanp duration 1s
equal to orhegtieaheridebaiminhanfinmadon efitid niges idam ¢lamentsdh cath séteofr srdqneat | ve
encoded data streans. 25 Preferably, the audio presentation tinme stanp

dur ati on (vigosesclgmentsgatply p pdeadBNIBBCISER consecut i ve audi o presentation

time sfanps. Pra%@élﬁbdfys’ele%ffg% g ﬁ%@?@aﬂi@ @%R‘%ﬁh&ﬁ?%ﬂi eRmodREddAlAa Sirb &AM

havi ng a presentation tine ess t e presentation time stanp of
t he ref er evieecinulké audiattanimgantarmaiion bfiche3Audie slpectlementeriv adel setavfassdeatesam

are di scardg,d. -6 Pref e}ré?bly, .he, means of nodifying the video data
el enent s iAHdidlat demeys salishpat aylioligupe 62¥5H%%| enent s i ncl udes nodi fying the

video timng infgfdpd ic&”m%?if?i'ﬁ% YidgleQe1dat acrbeaeRis, | dit£adtmant, Ahefetd act ed
video data elenments. 5 Preferably, the means of nodifying the video timng
i nf or mat i enrefpondidigonaiifiad sdt efferdes dan edemdntsstoutifutsel ect ed vi deo dat a

of T ha % ef or encorisat §aSPA TSN B B BacHEERBotR B Qv Pk WHERT o
vi deo pregept@oh@g 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




time stanp of the reference video data elenent in the encoded data stream
10 wherein the smaller of the reference audio data el enent presentation
time stanp and the reference video data el enent presentation tine stanmp, is
designated as a starting presentation time stanp in the respective encoded
data streamy - a neans of setting the starting presentation time stanp of
each encoded data 15 streamto a starting tinme value; - a neans of
replacing the presentation time stanps ofi-the video data el enents in each
set of selected video data elenments with the difference between the video
presentation tinme stanps and the starting presentation time stanp. 20

Pr ef er abl y,,: I i i J O relative to
a comon r\é?%d:%%%%]%@}eg{gg .uS P’?g?c\eé?g(gﬁy{,h@tq %%gﬁte%§%§%g§@n%a§% %{gﬁaﬁg' t he vi deo
timng information in each set of selected 25 video data el ements incl udes
a neans of difying the video decoder tine_ st f each of the vjdep data
el ement s | FTCEERON.SBE ayq, figupe MPW@P%EPE@IOP?&)@?%?@S, n ﬁéc‘?ré’ﬁﬁ%deaf ata
nodi fyi ng i i : i

ol erent o1 e Taigb A, FLBMR bt N R o Shin; LSRR P D A0 s o
el enents 3dicndaaclomset is 0f bs dtceded th thadéspedateenebdaredutsstreanis.  Pr ef er abl y,
the nmeans of nodifying the audio timng information of the audi o data

el enents in each set of selected audio data el enents includes replacing the
audi 0 pr esgRfeRAbIPhb VioSHRATRScRbrik hfc1ddd! QtdRtiRing eRERrSthW gréschi@ion time

di fference between the audi o presentation tinme stanps and the val ue of the
r ef er ence stangpsoofpriémetitaticorntsiimeadt anwpdet dBa stieann,eap equadl Ve orgeaide thagdbe

t . Preferably, th f modi.fying t dio timng. inf t f
the audi o RIE¥ACLPREH; S57R Lcigerceoy te R clandlon doiioReidivgmaryddd dad ©

i ncludgy atgpans of nodifying the audi o decoder tine stanps of the audio
data elenents in each set of selected audio data 10 el enments. Preferably,
an encoded data streamin the plurality of encoded data streamns is
gener at ed an.encoder server, .the.encoder server. includi.-ng: .-.a video
dat a stref#fg@%gl?e ?]S?nsgogrﬁlgﬁaé?‘i‘rﬂﬁgmedg "¥5t él%Péiﬁ%an%%mFlﬂ I?‘%gd? S encoded
data stream - ARea4dfealalkfnghseadh edtiadeimd @terganer ati ng audi o data

el enents in the encoded data stream - an encoder multipl exer for

mul ti pl exi ng tHehagenetbe eferenetesidgatdatactlemen: inchides avdie dele glanaddneach 20
A 20 pror enbdBIEl ST Sincfln TRE QST RRESERARES (G Jard YRRAECREecEudisy

buf fer fortindstan@randdisaitenepdading@itamdt dieion Rl egaloefrafrehtythat liee armeder
menory store includes a second encoder nmenory buffer for storing a nodified
encoded d&dBingitppamtersd. Al so preferably, the encoder server includes a
means of applying the video timng criteria

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




to the video data el enents of an encoded data stream _g_ Also
preferably, the encoder server includes a neans of nodifying the video
timng information of the video data elenents in a set of selected video
data el enents. Al so preferably, the encoder server includes a neans of
applying the audio timng criteria 5 to the audio data el enents of an
encoded data stream Also preferably, the encoder server includes a neans
of nodifying the audio timng informatiofn_of the audio data elenments in a
set of selected audio data elements. 10 Preferably, the present invention

i ncludes a systemresource server, said systemresource server including: a
means of determ ning, the synchronisation tine; - .eans. of .regis I t he
| ocal encoding star ?daﬁ m%&f“’h]éeéﬁlﬂ aef?&ﬁld@l’fog%gftgﬁlggrﬁegﬁ%{ ﬁlén%}suélg{sihp% of
encoded data streangy; dRhenfodPBdB WecamonMmuni cating the synchroni sation
time to the encoder server; a common reference tine clock; and - a means of
synchroni si ng t-he caonmemsrof dstemuringi meynchuwisalipn himd sadhvghionsetge fime

| ock. f bl h | Si -
[i e ock wi Ch t e Sl (& 6B e Abwodl & ga s +brr oo ARG e

protocagl . More prefqimdieashife@: means of conmuni cating the synchroni sation
time to the encoder server includes conmunicating the synchronisation tinme

after a synchr ovhcselns dre sticam aditingtims intsrvebebeasheneedng daestssabtsiudss fiifer .
Al so prefe;abl e present Lnvention.inclu N e
encoder siiaride b%eBh BRE RN EReR bl GFe dudlP aNEoctihe RGN HHhe0r

i ncl udi ngrespBctBRCAAbAG EltAdtteatisie for which the encoder server is to
commence 30 generating an encoded data stream - an encoding end tine for
whi ch the encoder server is to cease generating the -9 encoded data
strea . abl t recordi I ravi.de St em
resou p]]coe N?éé:f\f/ngdlrb ﬁf gﬁ%ge%{%? & Eé&ye,n%t %egdﬁ ‘rq gesn 2?\ I %%/tg 5 l{r?%rﬁ }%\r({%ﬂ%u a8 géégﬁtgg??@%r ver
for archi giang tdie thaditki pescnatiod aiinel atamns bf daemelanef eidabldaia tlmept @b dret
invention includes a_video server for storing the nodified of encoded data
streans. Iespprtarangpisd datndreapyededescowedi nci udes a cache menory buffer for
storing the nodified sets of encoded data streans.

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.




Preferably, the encoder clock is synchronised with the conmon tine
reference. 15 Preferably, the video timng information of the encoded data
streans i s generated by reference to the encoder clock. Preferably, the
audio timng informati on of audio data elenments in each encoded data 20
streamis generated by reference to an encoder clock. Alternatively, in the
first broad formof the present invention, the neans of nodifying the video
data el enents in each set of selected vigeo data el enments includes: - a
decoder server for decoding the video data el enents in each set of selected
25 video data el enents, wherein decoded video data streans are output; and
- an encoder server for re-encodi ng the decoded video data streans; whereby
modi fi ed skefraflyvhdamcadsipé neldefiyery the avideogdate elztrets 1Al oh abt eff seddctadetigeo i n

the first broad formqf .the present i.nvention, .the .neans, of. nodifying 30
the audi o G4t AeeteBlharbomebEAne e YACSmud WPrRAioD dravidrR Ramelcents

i ncl udes: i eacHl@s 8 S8L V8L iRk 8G9 Ng the audio data el enments in each
set of selected -lo audio data elenments, wherein decoded audi o data

streans are output; and - an encoder server for re-encoding the decoded

audi o data,str . whereby the nmodifi.ed sets of audio data el nts are
Gener at o el e R B mad PR fhe vinee BRuuRIormAvER of Siftp s dapey® i
devi ce f oreaph astioTgciefdd Qdeb ABGANdMEQinRIudeal ity of nodified encoded data
streans produced in accordance with the first broad form of the present

i nvention. Preferabldmeangof eempating tedudoy preséntetion pmeswamp iodvbareference

includes: 10 - a denultiplexer for depultipl.exing the i 0 data_ el enments
and video data el enchids P EEmenfin R ant adfe S rar e B Fug et BuReRERR,

decoder for decodi ngihbeta thi Péfereace diddb AatadlementanBRd sndoded derandehrhi ed
encoded data streans; a video decoder for decodi ng the demultiplexed video

data el®nents in thevhaeimpde smadeent dgagiaiencs adixdss clemem piegnEURN dyeg

f | ayi the d i I t Sppia” ' f -
(andbri g the decodo OF diy BaUBETERoINE S, ambht BRSTRG fin Shep, i

broad form of the prdeigntted nenitin®ingipredetid@sn ainfeesampoh 1BO régpaethreoficdilad)
t he audi o decoder, vjdeo decoder, demnultiplexer, audi o player and video
renderer with the cdl#bHaBEerence tine referred to in the first broad form

of the present _invenf| ;- Q% ? f -gr [ '
provi des a conbi nati oﬁﬁgé}lﬁcqft%a@rl}g %%alﬁglg? esﬁ'g{ag}r)%g %fsornﬁﬁgﬂé CP %}é&gﬁeéggdr%a
broad form of the prsegemttoianweniig tme vhlmea fourth broad form the present
i nvention provides a nmethod of synchronising a plurality of encoded data
streans: - a means of repldcing the preserntation 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 0 relative to a common

reference clock.

Preferably, the means of modifying the video timing information in each set of selected
25 wvideo 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.




wherein each encoded data streamincludes a plurality of video data

el ements 30 having a video timng information, and, a plurality of audio
data el enents having an audio timng information; -11 said met hod
including the steps of: (i) selecting a set of video data el enments 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, seleeting a set of audio data el enments
from each encoded data stream wherein the audio timng information of the
audi o data elenents in each set of selected audio data el enents satisfy an

audio timng.criteria; (iii) thereafter, difyin ach.set .of sel gct
vi deo dat :f Tg‘i.e%ht%’,e Wﬁg@frsef’ 30 g’r“?%élb%r?élgﬁ’g“ _ﬂg%p@&mg@?ﬂd}f {bﬁd@‘ﬁ%a‘ﬁga
el ement s ige QUL et £di Ve SBRECAT Lo IRHiiorhdds SAQd&CefMciReRE R Mo

audi o data el enents, wherein a con-esponding nodified set of audio data
el ement s igeseutapon tinwhearepnof thheudipdladd edmsatssvidf theidifferedet betekemthstandind

t heir correspondi ng nodified ts of apdio data elenents forma plurality
of nodifi ECEREHER HMat!amEs P%‘iﬁte, "%(ihﬁf‘ePg&? S rﬁicﬁlaﬁn‘gbﬂ PSR ‘H?’E iSE@am of
encoded dah@r@pdREendRdAAGKegALsed. 15 In a fifth broad form the

present invention provides a nethod of playing back a plurality of nodified
encoded data streans produced in accordance with the third broad form of

t he prese invention. 20 Preferably, the . fif.th broad formi.ngludes t
oo of S HrelshbR n8lnefR O RSl ok et biiing B Gh T ias st R8s i, o
i n each mginhérediPBLANRH olatiRcted 288 data GRERAMBIchABs dafetns| dTl B diAY dhed

data el enents to provide an audio data stream 25 - decoding the
dermul ti pl @xéi¢ ddcdder ime atapsmdithe audiopdaty eltmentsvingessh dat af selewedrpudioplaga i ng
t he aLr%cH o data stream usi ng an audi o player; - rendering the video data
st ream usi éngﬁii deo renderer. 30 Also preferably, the fifth broad form
i ncl udes the step of synchronising the audi o decoder, video decoder,
demul ti pl exer, audio player and video renderer with a common reference
-12 time JFeelgrably. gegaecded dakestysimrinithe plusdlidy abencodeddaia seasms is| gengrataddh
broad for I DV i.on_proyigdes a conbi nation including the
fourth br(%3BP§¢G%E%§§?h?egnfclg@%rﬁgrﬁ'regggwgm of the present invention. 51n a
seventh broad foorm i Rilepr &8£RtreadVaiRbi@N R @tictifimgavigbsirdatd eenmhtsniidiid ed
data streans produced in accordance with the first broad formof the
present® i nvention. leRcededdagiitieaitoad form the present invention provides
a plurality of nodifje ta..s r k Qr i th:
fourth broad form ofahtﬂ]e(g%rdggae%tge%?ﬂégn |egr{ep%§1?eg?th%e%%§?p ?ﬁ;%%ﬂ!n%{::eﬁﬁ%
Drawi ngs The presententtodedrdataddireand;! beconme nore fully understood fromthe
follow ng detailed 15 description of a preferred but non-limting
enbodi ment t hereof , @edepdaanuitinlexenfracnylyplepmg ibe generaed npdeoydatd cimeRtsngs,
wherein: - Figure 1.5 %@ioadagja%aqg.agr amof a first enbodi ment of the
present invention inplenmented using a video-on-denmand franeworKk.

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.




20 - Figure 2 shows a time-sequence diagramof the first enbodi nent of the
present invention including the timng sequences for synchroni sati on and

pl ayback of encoded data streams. 25 - Figure 3 depicts four unsynchronised
encoded data streans to be processed by the first enbodi nent of the present
invention.. - 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 exanple of an XM.-coded nessageg cont ai ni ng -13 information
relating to the |ocal encoding start tine of an encoder server used in the
first enbodi ment of the present invention. - Figure 6 shows an exanpl e of
an XM- for sage which is use 05 nchr.oni sation-tinme,
and. for Ul VTG, e PrESeR b ngulS e HREHP S MY e ek (RPE
embodi mMentinBimidh ARSeRko Hﬁ‘t‘i%[btrﬂéﬁ'ib in a det Qpie%c?cdsxh@&'ﬁdﬁa @ieﬁféﬁﬁtsdl agram of a
recordi ng session in accordance with the first enbodi nent of the present

i nvention. 10 - Flgure 8 shows a flowchart of a flrst data stream
synchronl tlon a thmu st _enb nr n:
hvent | on 1 ARSI o ABkGHEF Ser Prioofids £ RiseBRBr BPTERL RE oS PEEER oo
15 syngahr Q@th%@htl@rﬁa@d glembhth BY Us efbodd Hhe sfrerg!  ermbodi ment of the present

invention in which franes in the nmultiple encoded data streans are
sel ectively discarded or nDdified in order to provide synchronisation

oot aor oM Db P cpfue R Beilded MR O ARG o RS SHANG

present i rwrsﬂﬁatm ofthd=n@lis @ath elemelnltsu&tars%t 6§se1ld&ﬂ3dleﬂiﬂicﬁcﬂmm'&ﬁhieﬁf$. of a second
enbodi ment of the present invention in which frames in the nultiple encoded
data streans are 2~ selectively discarded or re-encoded in order to provide
synchrgni gram
st ot rgrady i g 4 BbR 1108 Eovstent H AU Sen B B e ok
mul tiple mndaﬁhdddﬁ@coded data streans. 30 -14 Best Nbdes for Carrying
Qut the Invention Figure 1 shows a b]ock diagramof a first enbodi ment (1)
of the present -i nveAtN&HS Phestarmiaterthe ﬂnchfﬂi“%%ﬁ&wencoder servers (2,3)
for encoding audi o- ‘é'xﬂ@a@.sgﬁ‘/ ?mt@ﬁh ﬂ% LAl éﬂﬁdﬁg%ﬂ{ fifhel LP LAl LA BHEAWata
sources in a conmon recor sesstTon I n real-tFne, a session resource
server (SRS) (4) fostrenwidihealiraltytdfenceizdrddtangresmssi on, a data server (5)
for ar%h|V|ng synchroni sed AV data streans recelved fro the first and

secondencoder - servéP§”PQ°§§m?ﬁW8w§?%%%§Sﬁ?“ﬂ%@%“§? e IR CREASST BEHTe wit h

a grouping policy, gcy SREVEL ¢ dgagaﬁgchlng groups of synchroni sed
A/'V data streans received fromthe data 10 server, a client server (7)

whi ch i s capable of aareassofigyoaoheidingr ﬂmpsomﬁmsymfd:remu siett Alogkdwith the
streans stored on the vjdeo se r via an on-demand service) a decoder
server (8) di sposede’é‘f"dleﬁ%ﬁb‘f”i -server (7) for decoding the encoded data
streans, a sound card (36) and a video player (37) for playing and
renderlng decoded audi o and video data respectively. It would be understood
by a Bér sbdhorsprdftrably, the measy of sshwahrcml'rmg thel mnmamfercnms tiofe ¢lhek sathvies

used in the t odi nent des .any ftmare and/ or

har dwar e, “8¥ @Hﬂ%&ﬁﬁ? ﬁs?ﬂﬁ?ﬁ%@pnﬁﬂ ?FV@szﬁﬁhg g & encoder servers

(2,3), the data server (5), the video server (6), the SRS (4) and the

client server @) are interconnected via a |ocal area network (LAN) (9). 20
£

However, Meralpreferabby, vke omsosiiofearenwiicating the egrettronisatwmt imn, totthe eseedesr s
may be |ntercon e ted usin SUI .able c nlcqnlon net

n othe [k
i ncl udi ng SAVRRARE U %ecopﬁ?lg}lﬁ%t %Pe flﬁ’é qn&%l 101 time alter a synchromsation ine 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




The SRS (4) includes a reference clock (39) inplenmented using a
cesi um based clock. The 25 SRS (4) also includes a Sinple Network Tine
Protocol (SNTP) server (10) which synchronises the system cl ocks (38)

| ocated 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 conmon tige reference. Figure 4 shows an
exanmpl e of an SNTP packet used 30 in the'first embodinment 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 t he
client server. The <@FOd&IARHENh the first enbodi ment (1) each include a
messaging interface (11) in 5 order to facilitate inter-server

comuni cation. The nessaging interfaces (11) each include a nessage parser
for i nt er pgvietd preferabbe itvettcordsspghsduld/bgsagidsd &y thecndieth resowace serdemce Wit h
t he Extensive Markup Language (XM.) standard however any other suitable
codi ng | anguage nmay be used in alternative enbodinments. 10 In the first
enbodi nﬁantPreitth%l}t It Shre8iH iRRAAPY iRNGRY 8 daBle R Forl e%cl%)vlﬂgﬂﬁlz el AdE&acoded
encoders (12) for encoding therr respective I nput AN signals in accordance
wi t h MPEG dstzesitamd. f or mat s. The MPEG encoders (12) each include an audio
encoder and a video encoder for encoding a captured audi o data stream and a
captured video data streamrespectively. By way of exanple, the first and
second enqi}elﬁfabaert‘ﬁ@rﬁe%e ihhtidh ﬁHﬁHE’s qameétsﬂeﬁ%m fohiseddinkb tHamoRfRA of
captured from a ‘conmon audi 0 source - i nstance, a single mcrophone
(13) nountesdoded datd sseese t heatre. Also by way of exanple, the first and
second(fncoder servers are fed a first and a second video data stream
respec{ vely which have been captured using separate digital video cameras
(14,14") fF?é'f@Pa@g« qhe did%& 8bRBE iRARlct hQAShd Mehldey BafTEr foecidting thbe/idifed &is The
MPEG audi o encoder encodes the captured audio data streaminto
NPEG#ornaﬂﬁéuﬂnﬁddémﬁﬂamns The MPEG vi deo encoder encodes the captured
video data streaminto MPEG formatted video frames. The stream of

MPEG formatted audio franes are multiplexed with the stream MPEG fornatted
vi deo frarmesfetadly, tderRosdr &R i9kylRESR e dhitiBictcothnidMigla réfefenagres. Wien
encodlgg i ncom ng captured audi o and video data, the MPEG encoders (12)
enbed presentation time stanp (PTS) into each frane that is generated -
wherein, t frape. ' | at |

ol ock ] mbeieiabfiio Yol BRiAERIBARRIG: BE hORpltel A hBurht'Ss GENERERTS
Sim | arly referecdMEGe encatetidck12) enbed a decoder tinme stanp (DTS) into
each frane that is generated - wherein, the DIS of a frane represents a
time, -16 relative to the comon reference clock tinme, at which the
encoded fr e I g e ed
in the ar tPfil ralb&i r%H%I ceh(rang ln%oég%&r#e Q&h? f}gﬁ;{ 2 eggeégéérjl ?%@legt?(%g F1§ kdaLeJ
the fidlst saedin seg@vtht@NOOREEret® tv@henfdtled klogRy encode the incomng S AV
data streans into other suitable encoding formats such as Real Audi oTM

W ndows Medi aTM or any conbi nati on of suitable encoding formats. The SRS
(4) inclu X [ ]

Schedul e ¢ SErRurFIYy o R ELBRA for o Bl Phedch RSB, Ty PR b ReaThE e

i nt er f ace vi{deb)dataldiememss ar ehchgeﬂdf selzbeed utideol dacd eldmsnus michudeat i on defining an
encodi ng start tinme apd n encoding end tine relative to.the co

reference, at Which atdr?éo §rseRven iy deerdingths vedrestata rpsnts ip Eacé‘)segngseﬂ‘?‘}ted
comenge encodi ng t Rgyd e @g%ﬁ&@ﬂ &%&F%?%a gtl@a}n?&ff@ ofip8t &nd

encoding the inconing capture ta streans respective 5°The SRS
(4) further inel udesnancateabaser f(oiﬁe}ericmdxrgtthe Ha@deamﬂegsitata(mﬂwmﬂ hi ngs,
mformattmgl8 %latwﬁﬁ &o thg H n& f encoder Seryers (2,3), data servers
(5) and vi"debo¥ &d 3B OLVARR @é& SEnS L EA§'YELany given tine (9), the
activity status of the servers, and performance characteristics of the

servers. The SRS (4) periodically updates information stored in the
dat abase( 280, alfeprativalt anthe, firtybromh faror ¢fiige armegrinpaitionnge means of wexdgying 20

deter ne thei.r status ter ativ e infaor t|o stored in the
dat abale. (PES i B TisalRib aedtonrh &F 15eatsy RO PR A CERa: or . 1
accor dance Wi th thealdefd i s&QaU R E8coMAe lalldibl dita éiemént§ ahertulser fBRAYRK
program (17) in the first and second encoder servers (2,3) receives the
recordi ng schedule transmtted by 25 the SRS (4) and sets tinmers in the
respective encoder servers (2,3) to automatically commence encodi ng and
cease encoding incom ng captured data at the tinmes designated in the
recei ved recordi ng schedul e. Mire specifically, the schedul e manager




5 At the sane tinme that the encoder servers (2,3) are encoding the incom ng
captured data streans (18), the encoded A/V streans generated by the
encoder servers (2,3) are witten in real-tinme to tenporary editing files
(19) stored on the respective encoder servers (2,3). 10 It would be
understood by a person skilled in the art that the actual tine at which
each encoder server (2,3) begins encoding incomng captured A/V data
streans (18) will differ in view of the gpi gue | atency characteristics,
such as initialisation delays, load library delays and the |ike, associated
wi th each of the encoder servers (2,3). Thus, each encoder servers (2, 3)
typically commences encoding at a different |ocal encoding start tine and
this 15 value is al sandia datedlementshwhersirpdecadsd awlie dplg sirppBsae LYIPULRMY ed on
t he respective encoder Se{l}’r%fvg‘ﬁqf%—gnc'?é'di%’??ﬁeod(ecga%%%lfi%da@f&re Shows four

unsynchr oni sed encoded AP ns, el'r respective Tocal éncodi ng
start ti rmﬁhér&?rﬂlenﬂﬁﬁﬁed&@é(ﬁf&fuﬁ@@%ikl\é&ehﬁta@élgéheEﬁéd.OdS (20) between the
schedul ed encoding start tine (51) and the actual |ocal encoding start
times (21). 20 In accordance with the tinme sequence shown in Fig. 2, the
encoder; server , agh tr 1t A | ir
Feapect’ van Bearord Bl Y HWhsa nBHARR DORELLE RV e Pl End E
message sewhddringna phealtpoddesdified eedaleld QatahardahS predsdedvin acoortdigee ®ith2be The
SRS (4) registers the |ocal encoding start tinmes received fromthe encoder
servers (2firsybroad form oftee reseiaention) . Al so, the SRS (,4) records the tine
at which each local encoding start tinme (21 ) is received by the SRS (4) -
that is, a register time of each local encoding start tine. 30 The SRS (4)
transm t s Refeeddngke tohdbroaddodess e pyaest igeBlondndedsil of the encoder
-18 servers (2,3) in the network have registered fheir | ocal engodjng. start
Limes (B1) wi t 17 t he SHREMBHplexh b RmWUnICtiBe ShaFHES SRt TRTTS SRA S data
servers (2,3) have rggi e i tart tines because it
is aware of the nurrbeg%ho tgéﬁ%&h@%%%é@%fégd%,gg)g%ggﬂrﬁl’ect ed to the LAN (9) at
any given tine -by viatagliofedoder fonfiermiistg the detottgdeied auded GRSckatealsagdhd (
16). The SRS (4) further, includes a stream synchronisation program (23)

whi ch cal cul ates a ¢8 ﬁd§9?ﬂgﬁ§8ﬁﬁas§§?f“8ﬁ time (24) which is to be
subsequently used by, {fyg, %@&ﬁé@&cmscfew@ihg the dhultiBlX¥AGHBNHa8d AgmRAGaAeEe A V
data streans. In the first enbodinent, the t 0 synchronisation time (24) is
deterniied to be thenbdtfiedencaglgd dnmrstreame; of the | ocal encoder start tines

regi stered at the SRS . Oh sui tabl e . synchroni sati on tinmes may be
selected in alter nata!r’\/‘gé“zcll BadT ﬁ?@“&ﬁ%ﬁ%@%a%{%‘ﬁﬂo a%gﬁwed#’v\hi ch” broadly
adhere to the fol | ow fdesFdnliBfet for rdmietink i decB8BEPHAE. a8h eRingents?, 3) 1 nvol ved

in any given recordi ng session have been started before the determ ned
synchroni sation time (24); and (ii) the local encoding start tines (21) of
all of the,encoder .seryers (2 e be reqgi stered at the SRS (4) before
the et or MYRBAPETHENTolcssiep B PHoa oo EoMe Preetian e BEHHE PPty o
per somkKishh@ohiBing e aublid BeodeRed® §QRASY %ﬂfu@@]é@tr,l QMib igyet 24} Vdes et
too early, then synchronisation of the encoded A/V data streanms w |l be
unsuccess frendeggnsgith theatommoen sftreaprcuierefsmed o & 2 85t bragd ferveol /e present
commenced .encoding 25 the incom ng captured data (18). Conversely, where
t he synchrucl)ﬁnlg{l'i on tine (24) has been set too |ate, then excessive anpbunts
of data may subsequently be discarded, as will becone nore readily apparent
in view of the follow ng description. In accordance with the timn
sequence Shdwhitdnbroag form, theepresrnd deyvensen \pepydespa Fpmbinaiion wchyding t%ésférabe
to th R ryi.ng. the nehroni .0 i: 24) for the present
recor ?ng%é%a;h)sﬁogﬁ%négbeﬁse? %%deﬁ%’f'ﬁgo%%ﬁgé%egﬁétéﬁ?esngl ﬁ'on time query fromthe
encoder servers (2,3), the 19 SRS (4) responds by transmtting a nessage
cont ai ni n? th% synchroni sation time (24) to

n alo

urth 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 clements

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

timing information;



t he encoder servers (2,3). Figure 6 shows an exanpl e of a nmessage fornmat
used by the encoder servers (2,3) to facilitate a synchronisation tine
gquery to the SRS (4). The nessage format shown in Fig. 6 is also suitable
for use by the SRS (4) in the first 5 enbodinment to conmunicate a reply to
the synchronisation tinme query to the encoder servers (2,3). Each encoder
server (2,3) calculates a streamediting tine segnent (25) in respect of

t he encoded A/V data stream gener at ed. Iqrthe first enbodi ment of the
present invention, the 10 streamediting time segnent (25) is taken to be
the difference between the synchronisation tine (24) determ ned by the SRS
(4), and, the local encoding start time (21 ) of the encoder server in
question. The saideasthedindludng thestepegivent (25) will be different for each

encoder server due to.the different, | ocal encodi t ' ) t he
encoder server<Y(2, ﬁ!ecgﬁ%ian,setb Wego a?aefga%ﬁ%es, @‘%PSFQ@% ief‘{:(ﬂ%ﬁréaaﬁ%smtg%g’

di fferent stream ediyhdgintthé®ides GiRENE nfoARAtichSo(fhE vRleg datapel@herito i eaxhaeded
AV data streanms. The streamediting tinme segnents (25) are cal cul ated

usi ng the stream symdlselsalicd atdeonlapy dements s§tsdy a wice Kinypg cBtesided and

execut on the..encoder servers. (2 . Jhe;:steea i i m
(231 S writtenifn creal SGrdinge tver B BT IBUE AR ol SRl AT
The stream synchr oni $RhindWhBrend fhRnid(o28hi inféthaeion ofelic salivdaa endits ar e
al so responsible for automatically editing the encoded A/ V data str.eans
stored in the tenporaeysd@istlaefed prdig dptagyements gatisly srmaudio HryupgCrteniay
enbodi nent of t pr I nv.endt i Al (W t r Lt ng
file (19) is e@ﬁt eéﬁigrﬁg‘g“ércg‘r°§1gf§i@n%°%‘ﬂ§5 °$J isglg{n%%av?%&s@%aemwﬂegﬁilt%i\yh%&gh 4

al gorithm Figure 9 ®meysondidd avdifladrét cduiddonlangeltients peswputon of the first
data streamediting algorithm upon an_encoded A/X data str?an1as .

i mpl enkht ed i n e rtheseftanhmdilying cachseriof spiscigd aHdin dath PSR PV RSIERA e,
an encoded A/V data j i ; i - WM plurality of
ot her encoded AV da@g&gﬁﬂggﬁ&?gﬁgg%%ﬁg%é%ﬁﬂ&?ﬁ@g 1%&5 t?i rst

embodi ment of twieergnedemiodifistesdts ofviddhdate ekeatats anddbelr amuespoudiog finaiibed of

the encoded A/V data stream are stored.in the. tenpora diting fileg aof an
encoder seéfFFe augdigdata eéena%%f%rﬁbwhga%toflowéﬁﬁ& oeﬂF?‘i%egati‘&B?ﬂ%ﬂﬁ%%

from the g lif o liki encaee difls BelsSArolfibe satisfy a video
timng criteﬁ?%t,aI n ,1alslet %f auglgf%s rarrses (S 1 )05 selected fromthe
encodelb data stream which satisfy an audio timng criteria. The operation
of the first ta stream editing al gorithm upon t i dep _dat.a franes,and
Sudi o dat 40 S B e eGP MAVEPS Arerhod phP PRg sk oty
Data in t hg A SR lcbasdidih Rffedhd ?ro'dﬁc&il AR bdragskeasiti Blcngird ok dWr foith & Ghe
frames 10 (26), or, audio franmes (27); (ii) Afirst video frame (28) is

| ocat ed i preseet ineerpmmary editing file wherein the sumof the first video
frame's (28) PTS and its PTS duration (29) is greater than or equal to the
streamediting tinme segnent (25). The first video frame 15 (28) is _
desi gnaf epraferakh, itle AAM bidaa BlPidchudie Meitglsed: as PTS(v). The PTS duration
is determined to be the tine interval between consecutive video frame PTSs;
(iii) Video franes idemulidpleximpdharapdiediath sdenfénte apd 9jddeaddta glemmnsin gagh er
than 20 that of PTS(v).are discarded fromthe tenporary editing file (19).
Non di scar ded vi deo_(rf‘%‘gﬁ_ﬁ‘ge?cfgfgfj%ﬁﬂrﬂr?ﬂg’ set of selected video frames (40);
(iv) A next sequentigbodihfeRe HerhliRiFRexed RudioOldt® \Mdhgentdy piovide i dediofdasime
is located in the tenporary editing file (19), wherein, the I-frame (30)
contains 25 all the stftag’; needed to construct an inmage w thout reference to

[ d/ di. i .26) .,..Th - f 0
P equ to or 1 ar gaboedias (P dpmelren e et Spgms t st 4 LR derl)
as VF(0) and its PTSQykesmdesi gnated as PTS(i); 30 (v) All video franes (26)

inthe tenporary editing file (19) having a PTS that is snaller than PTS(i)
are discarded from thevieeHisaudiodaasttaaqyusing an pudg playes - 21

- 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



di scarded audio franes formthe sel ected set of audio data elenments (41 );
(vi) Afirst audio frane (31) is located in the tenporary editing file
(19), wherein the sumof the PTS of the first audio frane (31) and an audi o
frame 5 duration (32) is greater than or equal to the streamediting tine
segnent (25). The first audio frame (31) is designated as AF(0) and its PTS
is designated as PTS(a). The audio frame's PTS duration (32) is determ ned
to be the time interval between consecuthve audio frame PTSs; 10 (vii) All
audio frames in the tenporary editing file (19) having a PTS value of |ess
than that of PTS(a) are discarded fromthe tenporary editing file (19);
(viii) PTS(v) and PTS(a) are cqnpared, g\/ner ein the smaller of PTS(v) and
PTS(a) i s tgnssisghin sapcec prerglwplityjancedsd daphdires®s. yal ue of PTS(0) is set to a
reference clock tine value of 0; (x) The PTS val ues of each selected audio
(41 ) and video frame (40) is replaced by the difference between its
current vah uesiahbr&ES(0d)n, 1ROpEkmt BR&ntbn gactidesed ecmbihatipol éecladiog s faurth
franmes (40, 41 ) in the tenporary editing file (l19) is replaced in a
simlar mEFEToER a%%heifﬁ%bréﬁ%mf&he PE’gf}Ed’PV OBTS values. In the first
embodi ment, as the encoded A/V data streanms in the tenporary editing files
25 (19) are edited by the stream synchronisation progranms (23), the

resul ti ng Imedsdvierth Wodd diata, she paasentameentiant porvidas z gduratitynel meodifie dgiang

menory buffers (3 i.n their respective enc [_servers 3)....The

T eani ng SBERUOosn AXOHGE SR AT ST PER QbR U The
contents of the stream ng buffers (34) are subsequently pushed to the data
server (5) by network streaming prograns (33) in each of the encoder
servers (2n8)eighth brpad fremf thegtresenbiodentéont provides alptusalids o srodiimd dale ftijesy a
har d-di.sk _drj ve upon ich graqup 22 ., of sypchronised A/V data streans
recei vi&d Pf%ir‘r‘]c?dn‘é' %F?@n%ﬁﬁggyoﬁﬂﬂléhﬁoggéc?m%8?@1&%85@?@)‘?@%}”(? archi ved. The
data server (5) archives the groups of related synchronised A/V data
streans in accordance with a software-inplenented grouping policy. For

i nst ance, BaiefMsspiipdomppbivedrawings en in C+, Java or the like, which is
stored and executed on the data 5 server (5) marks the franes of the

rel ated synchroni sed A/V data streans with a uni que recordi ng session

nunber. THae gredpt NYeABbh GH1IPEREMRMMMBlS QuIBL fidstgsd Yren ahe Syliohingndetaitbdd V
data streans within a common spatial region of the hard-disk drive to,

r educd 3t héescription gk arprefericd it apa-limising Frghodupentdhersgh dspeiedey cPapgetion
streans from data _server . wbhus, for exanple, when any given AV
dat a stregﬁ%hitégg%cﬁlméjﬁn}”%ér%??‘hlé‘g%ia}’fhéz%ég'rver (5) to the video server (6), all
Al'V data streans having the sane group nunber will also be transferred.
Al'so in the first enbodi nent, the videq server (6) includes a che server

(35) having a 15 cadheuraemshews gr blockrdipgiany oligsiitt emhndiipeni SedPaPirsgd a
streans that have b folo] r A Ser Plamigricache menory
al l ows a group of s?ﬁc%ﬁﬁgﬁFxﬁ@lgﬁﬁ@d&?@g%@b%ﬂéﬁﬁsﬁﬁg%e rgrcglcesléed at a speed
whi ch20s suitable for an on-demand service upon request froma client
server (7). 20 G oups of synchronjsed A/V data streans _are perj odica k

upl oaded from the d&TEIEer vy B)t‘%&qqu?@i?ugégraf”r 8%?}3%@%@@53@%%9 }é)
and, are stored in [ r - g r L Q0L &R rSRE R adHdoN
of suitable cachi ngbgég?%ﬂt%g?%ﬁﬁlg&%ﬁ?gg&%e%@s%g&%ﬁeggﬁfl’ ng% he art .0 A

downl oad server di spbsbackost dnoeddliadaza sesawsr (5) assists in facilitating the
transfer of the groups of synchronised A/V data streans fromthe data
server (5) to the 25 video server (6). The caching strategies are _

| npl epgnt ed by.a Ca@rgdwPQregg&samuﬁhg@%@hﬁms@@%nmhﬁa&eﬁe@ﬁqs&@@: &dedi S
programed to autonatTcally downl oad "groups of synchronised A/V data
streans fromthe daba tlsefissecmbalimeandl thepssartdneaatipai.n gr oups of
synchronised A/V data 30 streans. By way of exanple, groups of synchronised
AV data streanms are retrieved and stored in the cache memory (35)
according to any ong;fire REoHOIOMREIE 8Eh AE% packetZided by (BNSNTPEFHRAEYINOf
client server (7) reduests for any given group of synchronised V dat a
streans over a gi ven fpgrandebdohentiofg)e gresent tiventiasl. at i ve spatial locality of
a groyp of synchroni sed A/V data streans

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




5 relative to another group of synchronised A/V data streans in the data
server (5). Conversely, the caching programidentifies groups of

synchroni sed AN data streans that have not been requested by the client
server (7) within a given tinme period, and discards 10 themfromthe cache
server (35) to allow other groups of synchronised A/V streans to be copied
fromthe data server (5) into the video server (6). After the end of a
recordi ng session and archiving has tak_elrsgt_pl ace, the client server (7) may
access a group of synchronised A/V data reans by sendi ng an access
request to the 15 video server (6). The client access request includes
details of the recording session nunber of a particular group of

synchroni sed data stinfamatiomireatingito dhe logel ercofiag st uag afan tReodsy geyer
server (6) wll cache the.request.ed.arqu f i.sed A/V data streans
if the requested gr o"ﬁfﬁabl?t@?ﬂgh‘?%bnogggﬁﬁﬁ\tﬁed%t%g&g r‘%g{r@%are not al r eady
cached. The video server (6) will then transmt the cached group of streans
sinul taneously to the client 20 server (7) for playback by the client
server (7). Figure 1Biguks Gshomsgnaamanbwing XNEL-forpladaemeatass vieh tshised t9 ent
server {7) which inp ts [: gt € u | ayb - S onl.sed
AN dat aé streans tranljgﬁ'iln% éd sﬁ%@#ﬂ%m&ﬁﬁﬁ% g%&r?vg% %@b‘llﬁr ﬁéh@ﬁ 1)eéﬁtﬁ ggéef;&\ll;ef
(7) includes a bank ghclgtenishiidrptigen she(#2) erilosdiRbnidefithit picpdmxnvegtibhe
incomng nultiple A/V data streans into conponent encoded audi o data franes
and video data frames. The client server (7) also includes audi o decoders
(43) for decoding t | C I : } :
decoders (44) for dgl?g%‘l%%hﬁﬂg %éﬁouq]{ﬁ? ﬁ%ﬁ%ﬁ%%%gg?%égléﬁggcﬁog?gﬁg r“g}rhes,
a client server sounte tiast@mbaGimdmof (Heayesegt inaektidnhe decoded audi o data
frames, and a video renderer (37) for rendering the decoded vi deo data

framesf.O 24 The client server (7) is synchronised with the common

reference tune used : ; : {h
ensures that the si rrIfJ1 %%%%%g%gd%@%gg%@g? g?ﬁset%%% %%ﬁeﬁﬁ@%gg?té&g?rg ggllfplr?ﬁi S
synchroni sed. The syusetiiothedast eombodimeniefchd masenservertior(.7) and 5 the common
reference tine nay be achi eved using an SNTP protocol. In a second

enbodi ment of the present invention, a second data streamediting algorithm
is used by the -Stream@aénw ANi8AL: OhePiaPl@MEhZH & thbe firit datnsr&acond
encodi ng servers (2,3) to nodify the data streans stored in the tenporary
editing files (19). ssngupeisdifonl @lgohitws wsefll owthehfrst evolbadimientg of Hhe apesest | on
of the second data streamediti,ng algorithmupon,. an encoded AN data stream
as used in the secon‘Hveé}‘r’SBmeémla’ PIgrse Hﬂt}lghlgwg{pql%f%@f%oﬂé x SR AL
encoded A/V data strRpmiwyCistsddd RemdyiRlr Anics@d W tphodlibefynenearatbr\N
data streans in accordance with the second stream 15 synchroni sation

al gorithm The vi dedeameenabdidatagtieams.r anes of the encoded A/V data stream
are stored in the tenmporary editing file of an encoder server. Figure 11

al so shows a set of video frames (47) selected fromthe video franes of the
encodexh dat a streampibineh1Gahbe Yo HowlslRe bf M 8&@ofd idal isBeardNnclrosRhti@f
audi o franmes (50) 20 selected fromthe encoded data stream which satisfy an
audi o timng criteridgoritha usp@ it fesand Fmbadimyat ohidie Paesanisny@lviedi t i ng

al gorithm upon the encoded A/V data streamw || now be described in greater
detail as follows:

- 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.




(1) Cassify data in the tenporary editing file (19) as either video frames
(26) 25 or audio frames (27); (ii) Locate a first video frame 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 tinme segnent (25).
Designate the PTS of the first video 30 frame (46) as PTS(v); -25 (iii)

Di scard all video franes having PTS values that are | ess than that of
PTS(v) and mark VF(o) as the first videqg,frane in the nodified stream

Vi deo frames which are not discarded forma set of selected video frames
(47); 5 (iv) Locate a first audio frame (48) in the tenporary editing file
(19) wherein the sumof the first audigo frane's PTS and its PTS duration is
equal to diesgMogdesforiGaryingOybthedngentioe streamediting tinme segment (25).
Designate the first audio frane (48) as AF(0) and its PTS as PTS(a); 10 (v)
D scard all the audio data franes in the tenporary editing file (19) having
a PTS val ségrbalt shewsnrmbloek dibgamt bfita Hfst RhStcd)memui) oofd dteapfesenteimvedtam ar e

not discarded, forma set of selected audi ata frapes 0);..(vi) npar e
PTS(v) andddipg)firstyprd epeondpanceds ff‘é‘feraf(g@gs‘%&)ena?fﬁgbﬁ%?&%‘"ﬁéo féf%) data

desi gnat e i & i r Qe (Vi
et £y eIk 8 Al Ut 0L AabpSkRaETENES, ks i 1)

decodi ng tskmicorrespuned sesterdSRISH (HnfoPTS¢d)natingaals:cowiing sabeionf a dawseared (F) om
PTS(a) onwards, for audjo franes, .and, re-encodi t he decoded data 20.as a
modi fied dcHARY HEDACHOPISEMA Noddia siseit r%ﬁlvﬁﬂ«gg%[ﬁé%gﬁiaﬁ sgrondgicodt
sel ect ed ‘éél"}@l‘gk(gglﬁpﬁtznn%r\éﬁfwﬁbf E&arﬁeﬁlﬁggg%g&ﬁa@éf\khﬁ raaﬁﬁ%hpfﬁﬁ%&lgﬂfmi video

"I -frame" or e specification refers to a type f frane
used in aseuedécler wathing/RE®ps talryachtonistd Vodata aireamsar¢cetvsd foem dhe dlgiai r ed

to recreate a 25 .conplete i e, Wi tho reference needing to be e.
prec eg‘iong Sy SIg o UIROL BX R Fb%@lc}l - LE@% ﬁ?&gﬁegﬂgg rcéel?ﬁ% $‘%u9\7°b8 Fay%n%gomée%
under st 00ch/DYdath RREFRRICHE bh Bft Vidled ReveRRia dléd-dbMad §@Tidald dogerRelices) S
of the present invention that other types of suitable franes may be used.

It woul d Wipasedest $hoodien perepeh fondekdingettie icncaded data streagts, & hewidgeisd3ehe

ification the t " | e, f noo t" and i k
Forer gondbdit v BlVEr 437 0 P erinnd e ERF e, (RRRIE 2o QB ad Fiddd Gate”
appr eci at eeshbatvelnelt Wowebé G PQE6d bﬁaql)eh@ﬁ @killetl $n SHesHEMat edniplement &fon

vari ations and nodifications other than those specifi cal,{-% descri bed
wi t hout depdke ispigersr badt e the bypsef embrdimanie inclusies amy switssle voffwaei YKléorand

nodi fi cat icki\gr'?iwvéhé %hcct))neqﬁonpoa jarent to persons skilled in the art, should be
consi der ed“t'0 1 alt “Wthrn°t he Spirit and scope of the invention as broadly

her ei nbefore described. It is to be understood that the invention 5
i ncl udes all such variations and nodifications. The invention al so includes

all of thdhgupsandnercratienrasier serapisr@e, Bre daipeeitd)i ter Hdea padet (Yathcon,
| ndi vl duakky pggg'tlkoere81§énY%Lé(zer )8 WreRBAndda GRTPIAEH 2R eRlorR L ANASS

nore of sa eat’ures
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




27 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: 1. A device for
synchronising a plurality of encoded data streans: wherein each encoded
data streamincludes a plurality of video data elenments 5 having a video
timng information, and, a plurality of audio data el enents having an audio
timng information; the said device including: a neans of selecting a set

of video data elenents fromeach encoded data stream wherein the video
timng information of the video data el enents in each set of selected 10
video data elements satisfy a video timrg criteria; a neans of selecting a
set of audio data elenments from each encoded data stream wherein the audio
timng information of the audio data elenents_in each set of selected. audio
dat a el emeHt® 284t the system claghs of the pneryies pervensi gata serveraNddea servsiand tivgcisatn
set of selggted video data el enents, wherein a 1 S corresponding nodified
set of video data elenents is output; a neans of nodifying each set of

sel ected audi o data el enents, wherein a corresponding nodified set of audio
data elenents is output; wherein, the nodified sets of video, data ggﬁments

and their K% y8spomeidg hedit erbadimgniof) saeh induicar Sresmens Intgifred 1 1) m
pluralidy Qfe eg‘h{i!iﬁ% sReadad: g@ﬁ'lﬁm;&craﬁ@lqﬁf he' ggsggﬁi%geﬁgéég (P PERNIihdu @

nodi fi ed enco ata streans are synchroni sed. evice as clainmed In
clai m 1 whemessagt Ipersei Geointerpretingg rededretahesngal Mdseages deo cakdxdainedoenetanse i n

each encode ata streamincludes video_presentation time Stanps )
representi %ﬁ@%‘&fb@ﬁ%@%ﬁ“ﬁ@wg%gﬁﬁg ﬁtaé‘g%fﬁahﬂ"ﬁ’é(ﬁr R 83187 le gading, pe
processed {f ua%tggq}lﬁglu?é(d fﬁhn%ﬂ%;ﬁg%ﬂ%saw&tsencoded data streans. 3. A

devi ce as clai clal s wherein the audio timing infomation of
the audio data elenents in each encoded data stream i ncl udes audio

resentati.on ti.ne stanps representjng the sequential. order .i i.ch each
L ot 48 et eth Rl B FRf o efond s St (3 SuhEhee dpt i Spas R
strearns. (l_l)?ﬂm: eﬁpod‘}nE%YdiP F‘esﬁ&:tﬁle %}smdw siafXls Qﬁ'%e&ird&ﬁc%! WEh MPRGtaarei n
the video timng information of the video data elenents in each encoded

dat a st r edmmiais| Tee¥WPECdewoders ¢ 82 each mcledeaarpaudie preaslenaidhg videe eneedesdet al
order in which each tvifgjeo c1datda eltement di S tﬁlgbg dgco ?d t| n_the rqs\pgyc'gé ve
encoded d4t'SC4Rs 8LARINY' &1dio\dga\fream And 4 PR VTR AR REBY PR FEe &t ng
clai ms whesrsi §F &fagpddl dhe fitdt Bhd GedMAMIBAdraBrets Addt® aflatidiocd £0Bméaen whi@ach
encoded data streamincludes audi o decoder time stanps representing the

sequentd alhapbear capturgfifcim earommernd pedid acarce -efes imstinset @ sivgledmiasedbner 13 he
respective_en oqd.ed dat a devi ge

_ treang. 10 6. as. ¢l aimed in _any one of

e pr ccodt el e WikREHE thio 57 oy hehmnglec st Al ol @SRl ng
whet her t hee frieSRRt Ald #Bedohd®i®bAARSstREmMMeSIRR 1 dal avintiehBR! tkeh Rapafdd wigoded
data stream are equal to or greater than the presentation tinme stanp of a

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 1s

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,




reference video data element in the respective encoded data streans. 15 7.
A device as clained in claim6 wherein the neans of determning the

ref erence video data el enent includes: a nmeans of cal culating a stream
editing tinme interval; whereby, the reference video data el enent includes a
video data el enent in each 20 encoded data stream wherein the sum of the
reference video data elenent's presentation tinme stanp and its presentation
time stanp duration is equal to or greater than the streamediting tine
interval. 8. A device as clained in any one of clains 6 or 7 wherein the
reference video data 25 el enent of each encoded data streamincludes an
|-frame, said I-frame containing information to construct an i %e j t.hout
r ef er encerdlgivstipdic songuen miersnes daghtime; 4 weh ?héseﬁé‘?,qqd\féar’é‘h’édﬁgg a?ﬁvgid'
streans. 9. ,A device as clainmed in any one of clains 7 or 8 wherein the

vi deo presentation 30 tine stanp duration includes a tine difference

bet ween cong@ddbi videtsides bpragmeesenakiled ihitiears thanpsaltern@Bre ebthodAna®y b theas
claimed in any one of clainms, 7 to 9 wherein the ma%rs]iﬁ of detgrgl&ni ng a

st r eam edPies#y inyaREonfhal the firft ¢nd saeand SHEE SIS 2oy MEANTTICALT Hifgeoming
means Qf ectl I codi 4 o td MNgaRd sdat a
st rearr§ , g‘z‘?d& ﬁtt%gg?aq%éngggioﬁlgé?ssgg??gt%%g&béi%\éﬁ%{%gﬁ%}g? ﬁg{le@%ﬁg@rat’ whi ch S5 an
encoder safede™cormmBOathigeivar af sulghlkekeacaiicpfethattat a stream - a means of
regi stering the local encoding start tinme of each of the encoded data
streans wherein a |l ocal encoding start tinme register time is neasured for
cach encoggy sRR!@ HNARIL schetnTRRAR gxfs dalie] il AcchiReh tQRIEAR safkdulee,
sai d synchronisation tine bei ng equal to or greater than all of the

| ocal encodihadirsttandtse¢dndencedir semerst(2/3 viatasessegngwiterfetsy(1 1) Ndegeeading
editing ti i nterval of each encoded data stream. ncludes the.difference
bet viedd 1 eéylﬁdﬁ?laﬁ?sslg{qwnppr?gfﬁnalﬁo%ﬂ tading ?“é‘m?oﬂ}fﬂﬁn gpedits PE YR e
respect vEaneAdat: dhmod!faMercA®. MwhANARY ek 8 selidErdodd saRyros)of

claims 6 to 10 wherein video data elenents in each encoded data stream

havi ng a pregsenmatdnonetdodingstha mroimess captiend dhie sprave hiBarnd geasevrcedingiicof
the reference.vi deo dg{ta e emenélsgi n thﬁgr?specti ve encoded data streans,
are di scalWQEinSeppiyed datasireems U8) t4SRFHE n any one of the preceding
clainms wherein the audio timng criteria includes determ ning whether the
presentation tine stanps of audio data el ements in each encoded data stream
are grléat @he SRE4dfurthguaicludss a derabassr(i &} fosstoringeargengshodrer Hhings; BHeMRAIRdi o
data el enent.in the respective encoded t.reans,. , '

e e FEEE 1 85 PERRGC e e e 2 SRR B 6, R BsSES: B
el ement i goRreRdencogetAtatR alr gam twad €9y, aherenciey audio ofaha seherenind

i ncl udi ng an audi o data el enent wherein the sumof the reference audi o data

el enent ' sppremencachuncteristessidhp saversi The 8BS o) preediveldy uadates HdoRalion
duration '@fgegg%‘rghlaeggg@%a%ﬁa@; ?rtegli%%n@&”b)t; NGomitdridMuiebt Lol flRe babasv@l of

the res peé
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




-30 14. A device as clainmed in claim 13 wherein the audio presentation tine
stanp duration includes a tine difference between consecutive audio
presentation time stanps. 15. A device as clained in any one of clains 12
to 14 wherein audio data elenents in 5 each encoded data stream having a
presentation tinme stanp |l ess than the presentation tine stanp of the
reference audio data elenent in the respective encoded data stream are

di scarded. 16. A device as clained in any; one of the preceding clains
wherein the nmeans of 10 nodifying the video data elenments in each set of

sel ected video data el ements includes nodifying the video timng

information of the video data glenents in each set of select i deo a
el enents. Yhen t,&_lsd‘éiﬂdeéma’s“ TBftai MEY A ﬁ}eaﬁCHF‘f‘@e RHEPET PP ﬁre@n}f‘e@g%\ég‘ga whél
modi fyi ng hHenVidle Qedvesdent 214t BRTRIMQNcRfespbiEQiflahs @hedNEAd icAcRigh
set of selected video data elenments includes: - a neans of conparlngsthe

audi 0 pr esent atitained imthesteagipedfecotiing efhedelec andioatise thimencoderesishersi(A3e4h
encoded data streamw th.the vi dg% gl[grsent gg on ti{relstanp of the reference
video dat £CRITASATNE MICORINE FERIER ST aps LNACGHEME the smaller of the
referenge audi o data el ement presentation tine 20 stanp and the reference
video data el ement presentation time stanp, is designated as a startin

pr esent at i dntheisamestmaerthat the ensodersgseers (23 g Arothsadiggtthe $1G08HAE captyr & of

setting the starii.ng presentatdi.on tinme st f, e : to
2 starti ngere (Ui feessRat £V e TBrtiried e BrAETEONar (FS BVhEAT
stanps of ihheul\ingte® tehabarat) edTEAE Silds ] Batdted 0h tid resicaiot eqeodetleovetalR3).

el enents with the difference between the video presentation tine stanps and

the starting presentation tine stanp. 30 18. A device as clained in claim

17 whepei ny Lhey shanth “rgto%h [B%lﬁlﬁéx"ﬂ&%\islg@wqr?%@aﬁitﬂﬁ Hel B2 sfte\Lfl"i‘i%h el 0 @

conmpn tef'erence ¢l oc vice as clalrnmed 1n any one of clalns
16 to 18 vdnesddrRetvee (2BES: I ertoding ihdugninh @apiueeioAtV datagtiemaie ( hitwidindifter

each set of selected video data el enents includes a,reans gf nni%%%ig t he
vi deo decodeniev]qfethsrumgneotatengy rhgractanistics. dugh daratBiEAion: Ly 1 of

video dat ade?ziy@ %ﬁgﬁe iR %Q%Fété?ies}éi[tﬁ%a&??iﬁtlhgie dﬁlﬂiglr 361‘39%6‘(?!3?- Ghub NGcR eSSt N9

cl ai ms wherer'n neans nodi fyi ng e au ata elements in each set
of sel ect egnandi2B)dgpiaalbl @mntsces Rotaditgsatnodifesennipcthencadidigstar tmagnd this
information of the audio data el errentqs_i n zqa;:ﬁ s?t of sel ect ed ﬁgdio ta
el enenty. VEbieoie al detadde (Be lEmRArARCCdEng filfisih! 20 IRk Heih eHEsRiEH HS clgoder
nmodi fyi ng 110 ki, Y ¢ 0f td:gn ' Ay @agh
Set of oo SorEatal BY Bol LRGP AT Bhoks fo istndiabial altance

pr esent at i streamb,mtheiit papsctiol bt awdidimgdsisra tehesmédit)s and.t theirheespictiverleteoey

audi o 15 pretniaD R riBe serBegEIRHany Sepdtet () Ensttr il s d ErELEE °
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




22. A device as clained in any one of clains 20 or 21 wherein the neans of
nodi fying the audio timng information of the audio data elenents in each
set of selected audio data el enents includes a neans of nodifying the audio
decoder tine stanps of the audio data 20 elenents in each set of selected
audi o data elements. 23. A device as clained in any one of clainms 1 to 15
wherein the neans of nodifying the video data elenents in each set of

sel ected video data el enents includes: -~ga decoder server for decoding the
video data elenents in each set of selected 25 video data el enents, wherein
decoded video data streans are output; and - an encoder server for

re-encodi ng the decoded video data streans, Wn%reb .nmodi fied S%ﬁ of ﬁ}ideo
data el ensHISTSHRe) di Mg Betwark have remstared deirslogd] gneeding stary tmas S8 \with Hien

the means @fc pdif yi ' @éﬁ'ﬂa Rless {28860 raglerh Bet Rehed
audi o datgﬁ% @ﬁegﬁgsggégﬁgﬁggﬂgagﬂ ecég%F£§§?§er %%f)decoéﬁﬁgethe audi o

dat a el ement®lingsteacimadiecaiscselsentarel of thedRmshediod ededdar etrmamsr(fs) coheactidn
decoded audi o data streans_are output; and -.an encoder servyer r

r e- encodi i theneANlOd abana giyed lians By Srfugghe %?%g?ﬂﬁg‘bﬁﬁ i es%ltgg daabastyi o
dat a egengnps are generated. 5 25. A device as clainmed in any one of the
preceding ‘cl'ai n8 wherein an encoded data streamin the plurality of encoded
data streans is generated by an encoder server, the encoder server

i ncluding:. - vi dep data styeam encoder. for generating.,yl deo dat.a .el enents
in the eng%eﬁ%éga&%F% “c{fé & St%“b%caroﬂllas@ﬁo%ﬂ%%?ﬁ“e@\&av cly Gyiculates a
generati nQoﬁ?&QJno%ﬁﬁhﬂ)n%aﬁHEmlﬁe (P4} RRi@NGOHdL e dabeqBbhtPAked bINthRNGREREr

mul ti pl exer ftor I'tiplexing the generated video data el enents and audio
dat a el enmeavs;s (2,2annayoduenismgnowpdet dv'e; dats streaams. e it dltfe firsh repehodypent, died -

an encaqoder clock. 26..A i.ce as clained.n claim?25 wherein er
nenor ;l st SYREhFoitatigadime g"reqi\jéf a@ﬁ%ﬂ“@‘? t%%‘?‘@laﬁﬁﬁe&&?r&?m%toglﬂilenfé)%glns{gﬁg%ded
data streapy BhesXrbgisfrdEM tBESRS (). 2DNRE shithb®¥reR@nkkti6h 8i¥s ndfy 1 selfted
wherein the encoder nenory store 1ncludes a second encoder nenory_huffer

for stori myalermatiicfdnetbdments of thearrasest invgntiorpwhizd braadip aflese jasthelfallontrg n
any one of .clainms 25 to 27 wherein the encoder server includes a neans of
appl yi ng FHE™Ni deo ti ni ng criteria to the video data el enents of an encoded
data stream 29. A device as clainmed in any one of clains 25 to 28 wherein
t he encoder server 30 includes a neans of npdifying the video timng

i nfor @t i on of (Whe wildweodritsarversdRentisvalyedaingay BY TskerEineisessigR Javrabeen

el ement s. 33 30. devi ce_as air ' . i 25 to 29
wherein the encoder Ssagrcgélg&’lr%&cu(%gesrmg&%eggﬂ%ﬁg%sgpm& t@f‘%?’@hgﬁaudi o timng
criteria to the audio data el ements of an encoded data stream 5 31. A

device as clained in any one of clains 25 to 30 wherein the encoder server
(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




includes a neans of nodifying the audio timng information of the audio
data elenents in a set of selected audio data elenments. 32. A device as
claimed in any one of the preceding clains including a systemresource 10
server, said systemresource server including: - a nmeans of determ ning the
synchroni sation time; - a neans of registering the | ocal encoding start
times of each encoded data streamin the plurality of encoded data streans;
- a neans of communicating the synchronijgation time to the encoder server
15 - a comon reference tine clock; and - a neans of synchronising the
common reference tinme clock wwth the encoder server clock. 33. A device as

Laimed | o as e f server
et er ence S degondn gt PR EnE sanresRre SR P AL S R B AR ERCA24) o
| mpl ement itRg eAdISNIER 86 Qb 3§ OFigud6 sﬁoﬂ?‘éhcﬁaﬂhﬁl@bﬁh MRsbsage Rmyapnsedoby cheai ms

32 to 33 wherein the nmeans of communicating the synchronisation tine to the
encoder seneaster jseplered 623 donfacilitads iangyncheonpstiey ihe eoat? dhe e Bkt Ehe a

synchronisation tine query.is..recejved f S : Airst
dovi ce. as TRisstite P PR: P e TR Bl Ao ShORIE I BRERSGHhe (SRYH, i Ane i
provi ding ebpdRAGRAS conthiidEatia Feply ER Ry Sirtliraiidaeion|tine spey teeder ehcogder
schedul e including: 30 - an encoding start tinme for which the encoder
server is seesddifence generating an encoded data stream -34 - an

encoding end tinme for which the encoder server is to cease generating the
encoded data stream 36. A device as clained in claim35 wherein the

recor di ng Behededder server (3 )edcudted hetrbarh \editig tiras eegment (@5 v ar res@xt oAithe
device as clained in any one of the_ precedi nglépc .ai rrsﬁﬁtisrﬁcl udi ntg. a data
server f orenggdsdiAiVndate sEesn deneraigd e ba dusiapbodimenpisthe paessat InXefish &e o5
cl ai meg i i; ' NG ' M MBhishied:
torir t EER e gt B B B B R i
36 wher ei ninid @4y deteanised Benhd SRS (4l snd) thakdvel ereoding shuf fiwe (2 Drofshoengedet he

nodi fi ed encoded data streanms. 15.40. A devic cl.ai i n.any ,one qf
cl ai 5 25 SFE°5Y Wétm-fnﬂiérféreéwc@&&s %ms&%gn\ll"’smz%ﬂi‘ﬁ %@Efgfe{%f {H %ﬂbe‘&"c? bn
time ref CIENEE é!ué1 Yo e QﬁYéégrﬁi lﬂﬁalcén%b&'iﬁ% Sl('ﬁh ?ﬂ'}éﬁq@?} af dEndokier sétvag (leﬁ-' s

wherein the video timng nformati o encoded data streans IS
gener at ed Appin, éfyevandexamptd) &g Ad buentes| the diffedsht stcaie vditiog sisnccicgmeas H) any

one of th recedi cl ai wh in the audio timng information of audio
dat a e]ISeNSPFF%g‘ioHP@ g‘?’r‘"@ﬁﬁ%f?@dvgé‘faéa 58%m i s generated by reference to an
encoder clock. 25 43. A device for playing and/or rendering a plurality of

modi fi ed encoded data streans produced in accordance with any one of clains
1 to 42. Zhe shedevediongsingd asgrechts 250] axe realk8latetc hsidg e sgeam synchronisation

dermul tiplexer for, demultiplexing the audio data el epents an i
el ement s PREASAH (%@d%}c dgsn‘%%g&“ ff‘ﬁc'g?é)é’ﬁﬁtﬁ‘e ene r-segﬁrsaﬂzd;{)lodlglceéc%gﬁtgkﬁl f or
decodi ng thecrieidnPbByah adie widtd B €PN diaryh6ther 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



nodi fi ed encoded data streans; - a video decoder for decoding the
denul ti pl exed video data elenents in the nodified encoded data streans; 5 -
an audi o player for playing the decoded audio data el enents; - a video
renderer for rendering the decoded video data el enents. 45. A device as
claimed in any one of clains 43 or 44 including a neans of synchroni sing

t he audi o decoder, video decoder, denultiplexer, audio player and video 10
renderer with the conmon reference tinpz?gferred to in any one of clains 1
to 42. 46. A nethod of synchronising a plurality of encoded data streans:
wherein each encoded data streamincludes a plurality of video data

el enents having a videq timng i.nfornmatiqn, an, a.pluralit f au dat a
el enent s §9i°H§°§W%@? (Sh‘?LquSg‘?ﬁ ‘H&e’ltWor'ﬁjﬁ‘i P eg é’i“geon@}a‘inﬁ‘ﬂ%{? %rcaf“he&i thF he
steps Of eéﬁkﬁﬁlﬁa% eAmSHd st&fed\ih%qe ?B@arﬁhﬁﬁﬁ%m b AreRags s‘éﬂf‘e@dEd dat a
stream erelnt e video timng information of e video data elenents in
each set BiguseD edtceshorisdecedaf aucbbeﬁmntss(déhtae@bgtdafrvmdé@ Yiden rf@lmﬁsqueﬂlﬁa

20 (ii) the sel ec}i ata

encoded d%HCQSE‘{ itj%téﬁ}re%e‘? ﬁcﬂ%?ti’%y Vd‘?‘?? ‘f’iﬂm&ﬁqﬁﬁ? C?Pfjra? s Osfoafudfqrq}g%g (Hdat a
el emengs idleRaC RoffihOkndfl-8Cifd s?r'éﬁjrho vﬂﬁélﬁ sRiEUBM audist iiming attediadi The

timng criteria; (1i1) thereafter, fying each set of selected video
data el emﬁr&;orwaethe|fnstada¢a)strmpcdn¢lng@1gmdhuﬁlmn§b¢ vigieo \datfeGamay andpedHent s

out put her di f n t of selected audi o data
:aiserrgnltog d%gf'gevzvéﬁ@?)w s‘%ﬁ'ﬂﬂ?e I ‘% ggtﬁa} tfslg audlso data el grr:ents i's

out put; V\/nerel n, the nodified sets of video data elenents and their
correspondi ng modi fi ed sets of audio data el ements form a plurality of
nmodi fi ed encodél daDataslnrtb'atfsnpqméfreéfbylgsﬁieds slagsifipd ey beingraet Yidgo aasded
dat a ﬁ]‘reams are sy ron| @%7) A nmethod as clainmed in claim46
wherein the video t ’nod’iI Ffﬁlé“FF of the video -36 data elenents in
each encoded data streamincludes video presentation tinme stanps

representing the sequential order in which each video data el enent |s to be
processed for €ispl Ayfiishvidpe frameddg} isvecatetivdbe teraperant ediung filowherempthe

met hod as cl ai ned |£hr§rg}¥ﬂgn rs?( d%q’)la ?@Sggggn&:f}gﬁfgaﬂaﬁo@@ Qs bidAldrg

infornmati on of the au enen s enco at a str am’1 ncl udes
audi o presentation tliaﬁ%r%t]@d‘rnﬁ tﬁmfeeﬁle&iiﬁﬂl@mhheegﬁaue{ﬂﬁ) dhedirstevidéenfradniech

h audi o dat I t tob d th t d
Streakd. 10 49. A ?}&%ﬂmhéﬁg&@ew%fﬁ aeihjis S b BTaRIR ot L9 paTHnBTSi
the video timng inkg, get%;raltngg tf 'b‘éetﬂ SN2 1ELSIPHL R cER BAEIUERE OflRd

data stream i ncl udes vi tf e st anps representing the sequenti al
order in which eachfmlndéﬂ“sdata element is to be decoded in the respective
encoded data streans. 15 50. A nethod as clained in any one of clains 46 to
49 wherein the audio ti m'ng information of audio data elenents in each

encoded data Sty 6Pl BPERIHaner tHag
sequential or dQ{]F Vé;EI%C gggscﬁ 3 ﬁd&gﬂg&&hg@;\fﬁ?gﬂ t§ qulge § R
20 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);

(iv) 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
25 all the data needed 1o 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);

30 (v)  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-




decoded in the respective encoded data streans. 20 51. A nethod as clai ned
in any one of clains 46 to 50 wherein the video timng criteria includes
the step of determ ning whether the presentation tinme stanps of video data
el enents in each encoded data stream are equal to or greater than the
presentation tinme stanp of a reference video data elenent in the respective
encoded data streanms. 25 52. A nmethod as clained in claim51 wherein the
step of determning the reference video 9 ta el enent includes the further
step of: (i) calculating a streamediting time interval; whereby, the
reference video data el ement includes a video data el enent in each encoded
data stream wherein the sumof the reference video data el

presentation 30 t|ned§F§ﬁﬁi@HHOﬁ@§m§ﬂe§eﬂﬁéﬁkéﬁdﬁﬂﬁga§§§ﬁBmH@F%FP§ﬁ4lk
equal to or greater than the streamediting tinme interval. -37 53. A
method as clained in any one of clainms 51 or 52 wherein the reference video
data el ement of (\@pchAefieadadisatansi(3Baim idwleddmsﬁaantdm;fdrmyeedieag dilk- (ﬂ@}ame
containing information to construct an inage_w thqut reference to ot

vi deo data el enents FWCFW%&GSﬂgeﬁEE?PW§‘%ﬁ%%ﬁ@ﬂmﬂh?§“§Fﬁééh§1 agyaudjo ﬁod
as claiged in any Onsu&fu §2)ne ga%atef *?f’ere Bl Mﬂeestyeaﬂeedﬁhg%ﬁﬂé ]t

time stanp duration Inc ne df bet ween consectti ve VI deo
presentation tine st@ms Th&&h’éﬁaucﬂonfeirhetﬂa)swcﬁmgrmded as ddY(opred afs Eﬂ“Siim;

53 or 54 wherein the step of determ.nin trea ditin nt erv for
each encoded data st FeXa#HAGHasfobY 2t ﬁe‘eﬁg‘gﬂé?m§f g)Eg atkc’?‘)(géﬂe‘ts
l'ocal encoding start Ekﬂéﬁllﬁﬁ{nt&%ﬂbeﬂﬂe&%n@&%@@Qucﬁétfﬁn%lﬁmﬁs Sa' d | ocal

encodi ng start tine elng the actual tinme at an 15 encoder server commences
generating the encoded data stream (ii) thereafter registering the | ocal

encodi ng start i ch of the encoded data. st ere oca
encodi g start Hithe AdgREEQfamedt (% FEROmE e WEdnobitated b aGE e
(iii) thereafter, calgulphing O@P?EﬂﬁQfé)&‘ibéﬁ‘&éd)ﬁoﬁl'tH@tenﬁ)’é‘rﬂy%ﬂﬁfh@@@(ﬁ%t' on
20 time being equal to or greater than all of the |ocal encoding start tinme

regi ster tinmes neasured; whereby, the strean1ed|t|ng time interval of each

ercoded Gata SRR PSSR, P8 b e Lo Rl MF U et

streans. 25 56. A nepmgggaﬁmg ht¥dsiprsamy one of clainms 51 to SS |nclud|ng
t he steg of discarding video data elenents in each encoded data stream
havi ng!l presentation time stanp |ess than the presentation tinme stanp of

Lne 1ol erence vLgPo, 98P SRR LB Y SRR AR o
tim ng
(x) 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) 1s 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




-38 criteria includes the step of determ ning whether the presentation tinme
stanps of audio data elenents in each encoded data stream are greater than
or equal to a presentation time stanp of a reference audio data el enent in
the respective encoded data streans. 5 58. A nethod as clainmed in claimb57
including the step of determning a reference audio data el enent in each
encoded data stream said reference audi o data el enent including an audio
data el ement wherein the sumof the refesence audio data elenent’s
presentation time stanp and its audi o pr€sentation tine stanp duration is
equal to or greater than the streamediting tine interval of the respective
encoded data streans. 10 59. A nethod as clainmed in claimb58 wherein the
audi o pr esehtvachrenised AV shatansiredus aedebiedifrrm trelirshand spsord ercodentes Betidkn
consecutiv [: Q. Pr tion ti A d Laredh/ ny
one of cl alngfcrga 9@@9‘?&3 EE?:&%@I gtﬁagvlﬂrrlg('s ré:%}s\t% ggﬁ%ﬁp" 8?’% é)g?%l% %g ﬁﬂg}“gh%?o dat a;atg

el ement s i sirq@aaghinencotiRdceatith atdofiamrdanplogentefr goapihatpodicyt | Ber fisampe,| 8ss
than the presentation tine sIanP of the reference audio data elenent in the
respect i veSeHRIHE PO HANvEtereiark T.aava ar hetik§awhichds storsandrexgayted g thy data
clainms 46 . it t f i £y 20+t ' =1 in
cach set ofoSanShEHE, Mot SPup soflRe obilnths WR HERReAR & PIFLE
modi fyi ng teberditighessién pmberl nf or mati on of the video data el enents in each
set of selected video data elements. 62. A nethod as clained in claim®6l
wherein the step of nodifying the video timng 25 information of video data
el enents i - I i Sed RE - r
Stops of (15 Benp ety R o b T e d HPV W alis pITTE,
audi o dat acomtreom spatial regioh afhihie deld-dakadster eanednce hhd iene iaten tprregent ahe on

time stanp 30 of.the reference videp daja el enent in_the_encoded data
1t Foan O hEP RO B FLAME AT HTe PeaheAte et @) UTh: G GRgHple, Rhch any

present at i Qlerd AR @lAHRaANE %rgf‘e,d frog Ihe ARG RALE (¥) BB 43R {HRIRBY, all A/V
presentation time stanp, 1S signated as a starting presentation tine

stanp in tdua stespediaving teasosegrodphamber wihglsg be Jrasderechg the starting
presentation tinme stanp of each encoded data streamto a starting tine
value; 5 (iii) replacing the presentation tinme stanps of the video data

el enent s i R1s8af Mhé Alst QnboAlrE&it Sthe WidROs A A 68 IRITRIE S Wich8 stRer ()i pkance
bet ween the video presentation tinme stanps and the starting presentation

time stanpracksmemone{dieterag poupneisynphrohisednA8Y datrestesiamstthet levabeemeoniedre
val ue incluydes,.a tjnme 10 I of .0 relative to a co n referen | ock.
64. A mot HEUN 2R Sl TROEFT (bl SrbeantePs Alows acous SumepdisHE ALY i
nodi fyi ng diR@mY k§IBO addebicltht laRbEEdWhicARs billtaBRCfdr 88 onQfent@liQehect Worlaeqetat a
el ements includes the further step of nodifying the video decoder tine

stanp of d&unasiientteryer (Bo data el ements 15 in each set of video data
el ements. 65. A nethod as clained in any one of clains 46 to 64 wherein the
step of nodifying the audio data elenents in each set of selected audio

data et® nﬁrjﬂﬂﬁ?é BEbyBforided AW BiesuekaD aff parndidayly n@fwa!a@d Frih Ghd d4Th Berver

informati on of the audio data elenments in each set o

(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 wvideo 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 sel ected audio data elements. 66.. A nethod as clained in claim20
wherein the step of nodifying the audio timng information of the audio
data el enents in each set of selected audio data el enents includes the
further step of replacing the audio presentation tinme stanps of the audio
data elenents 25 with the difference between the audio presentation tine
stanps and the value of the reference audio presentation tine stanp of the
respective encoded data streans. 67. A ngthod as clainmed in any one of
clainms 65 or 66 wherein the step of nodifying the audio timng information
of the audio data elements in each set of selected audio data 30 el enents

i ncludes the further step of nodifying the audi o decoder tinme stanps of_the

audi o data el erﬁ%nt s ﬂl_'“h feaugn@etofof 19| Y Ed (Audspresfat gPr_eF"é)frB«%if"é‘? group oofsg.
A nethod as Cla'nEds&%ﬁg&éﬁgﬂgﬂpﬁmﬁEﬁ%ﬂﬁ%é@%%%%&%.e Rudfinidie step of

nmodi fyi ng the video enents 1n eac ected video data
el enments includes the further step of: - decoding the video data el enents

in each set of selected video data 5.elements; and - re-e ngl{gi% t he
decoded vi deo data dhe edstive sbakippaliydpk @ @gowepk s¥ichiemy 8 EREmss

are generated. 69. '%‘%lgﬁieh% ae?thg %i['d{ﬁdof QiR A8 A 84 Rirblfs $h GRe Qata

nodi fying the audio enefits in each set of selected audio data
el ements includes tBervkeufX)her steps of - decoding the audio data el ements
in each set of selected audio data el enments, wherein decoded audi o data
streans are output; and - re-encoding the decoded audi o data streans;

wher eby ”%h%l%ﬂy?t%%a%’l@in%#&?&g?mﬂ%&tﬁie@g%vl\zfé A §naRBREA AW dher dtfbanf tHBL hod

as clainmed in any one alms 46 to 6 rein an encoded data streamin
t he pl ur ahiatenafbeencegiedted dtyaths teliemtnsrves (Gewathat 2g¢ivey tane patod endsdiscaeds,

t he encoder server including: - a video.data stream encoder, - an audi o
dat - 907 o L AEBHBE i daid HeNorYeERHE: of SRTERLSady \FHEPEEagE and
- an encodggied h@fkthe ARtakhrveP(STRARARe ARlcs k@khBE@)i N clai m 70 wherein the

encoder nenory store includes 'a first encoder nenory buffer for storing an

encoded data stream 72. A nethod as clained in any one of clainms 70 or 71

for st or i fieE Mot LA Teinrdec-suv b oty dng s Mg B fod BIRE Yot (7
claimed i thagnc@9e Rbuf bRiiRhRided A% dAgkteintoby Badiny dh&icesd RPu&ht td iR

encoder server includes a nmeans of applying the video timng criteria to
t he vildeoVvidige serarreifenibe elierdncense trguest deqludestdetaalmof themgcordingeicsrben Agmber

clainmed insany_one of clains 70 to.73 includi the f.urt e

encoder soF Bk RNl B e PRuiste i s O PR st Ve b e i

el enents wided seller f) Wl eshedhy réRestd@tzpop) eNBAicEronfved AXVTBitAateass ¢f diemed

in any one of clains 70 to 74 including the step of 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 wvideo 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.




10 encoder server applying the audio timng criteria to the audio data

el emrents of an encoded data stream 76. A nethod as clained in any one of
claims 70 to 75 including the step of the encoder server nodifying the
audio timng informati on of the audio data elenments in a set 15 of sel ected
audi o data elements. 77. A nethod as clained in any one of clains 46 to 76
i ncluding a systemresource server, said systemresource server providing
the steps of - determning the synchronigation time; 20 - registering the
| ocal encoding start tinmes of each encoded data streamin the plurality of
encoded data streans; - comunicating the synchronisation tine to the
encoder server; - providing a common reference tine clock; and -

synchroni sing the common reference tinme clock with the encoder server 25
cl ock. 78. i Wl i i d ef esRRGEd
time clocknﬁgagégg r%ﬁ#ZL%sﬁﬁgmb?ﬁgigﬁ%gggf$@§g§tQ§g?§£qggg%ﬁ%P pgotocol.
30 79. A nibtlacbded ANdidamdstisananyndnidisoénsoteai st ## omuitanasne mddybackhef shep

of conmmuni cat.i ng synchroni sation tj to the.encoder server include
Che st ep gPatpleab" T AT BevHIoHEss. HE RRSGUTIGN 3 eI vy () 8RE
synchr ogli SL bGnoh TEfCAMEE ¥inleSniFEShii el oML LR NI pRdcoser ver. 80. A

nmet hod as clainmed in any one of" clains 70 to 79 including the step of
providing 5 the encoder server with a recording schedul e, said recording
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83 wherein the video server includes a cache nenory buffer for storing the
nodi fi ed coded, data sfreans. -85. A nmeth cl Al I of..ciai ns
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data el enents i'n each encoded dat a streamis generated by reference to an
encoder cl ock. -43 88. A nethod of playing back a plurality of nodified
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nodi fi ed encoded data stream o
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);

(i1) Locate a first video frame VF(Q) (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);




- decoding the demultiplexed audio data el enents to provide an audi o data
stream - decoding the denultiplexed video data el enents to provide a video
data 10 stream - playing the audio data stream using an audi o pl ayer;
rendering the video data streamusing a video renderer. 90. A nethod as
claimed in any one of claim88 or 89 including the step of 15 synchroni sing
t he audi o decoder, video decoder, demnultiplexer, audio player and video
renderer with the common reference tine %Seferred to in any one of clains 46
to 87. 91. A conbination including: - a device as clained in any one of
claims 1 to 42; and 20 - a device as clained in any one of clains 43 to 45.
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5 includes all such variations and modifications. The invention also includes all of the steps

and features, referred or indicated in the specification, individually or collectively, and any

and all combinations of any two or more of said steps or features.
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1. A device for synchronising a plurality of encoded data streams:

wherein each encoded data stream includes a plurality of video data elements
5 having a video timing information, and, a plurality of audio data elements having an audio
timing information;

the said device including:

a means of selecting a set of video data clements from each encoded data stream,
wherein the video timing information of the video data elements in each set of selected

10 video data elements satisfy a video timing criteria;

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

15 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

20 said plurality of modified encoded data streams are synchronised.

2. A device as claimed in claim 1 wherein 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

25  display in the respective encoded data streams.

3. A device as claimed in claims 1 or 2 wherein 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

30 respective encoded data streams.
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4, A ‘device as claimed in any one of claims 1 to 3 wherein 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 video data element is to be

decoded in the respective encoded data streams.

5. A device as claimed in any one of the preceding claims wherein the audio timing
information of audio data elements in each encoded data stream includes audio decoder
time stamps representing the sequential order in which each audio data element is to be
decoded in the respective encoded data streams.
10
6. A device as claimed in any one of the preceding claims wherein the video timing
criteria includes determining whether the 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.
15 |
7. A device as claimed in claim 6 wherein 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
20 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.

8. A device as claimed in any one of claims 6 or 7 wherein the reference video data
25 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.

9. A device as claimed in any one of claims 7 or 8 wherein the video presentation

30 time stamp duration includes a time difference between consecutive video presentation

time stamps.
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10%& () -) 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
5 an encoder server 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 1s measured
for each encoded data stream;

- a means of determining a synchronisation time, said synchronisation time

10 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 synchronisation time, and, the local encoding start time of the
respective encoded data streams.

15
11. A device as claimed in any one of claims 6 to 10 wherein 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.

12, A device as claimed in any one of the preceding claims wherein the audio timing
criteria includes determining whether the presentation time stamps of audio data ¢lements
i 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.
25

13. A device as claimed in claim 12 including a means of determining a reference
audio data eclement 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

30  greater than the stream editing time interval of the respective encoded data streams.
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14, A device as claimed in claim 13 wherel the audio presentation time stamp

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

15. A device as claimed in any one of claims 12 to 14 wherein audio data elements in
5 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.

16. A device as claimed in any onc of the preceding claims wherein the means of
10 modifying the video data elements in each set of selected video data elements includes
modifying the video timing information of the video data elements in each set of selected

video data elements.

17. A device as claimed in claim 16 wherein the means of modifying the video timing
15 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

20 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 fime value;

25 - 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.

30 18 A device as claimed in claim 17 wherein the starting time value includes a time

value of 0 relative to a common reference clock.
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19. A device as claimed in any one of claims 16 to 18 wherein the means of modifying
the video timing information in each set of selected video data elements includes a means
of modifying the video decoder time stamp of each of the video data clements in each set

of video data elements.

5
20. A device as claimed in any one of the preceding claims wherein 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 in each set of selected
audio data elements.
10

21. A device as claimed in claim 20 wherein the means of modifying the audio timing
information of the audio data elements in each set of selected audio data elements includes
replacing the audio presentation time stamps of the audio data elements with the difference
between the audio presentation time stamps and the value of the reference audio

15 presentation time stamp of the respective encoded data streams.

22. A device as claimed in any one of claims 20 or 21 wherein the means of modifying
the audio timing information of the audio data elements in each set of selected audio data
elements includes a means of modifying the audio decoder time stamps of the audio data

20 elements in each set of selected audio data elements.

23, A device as claimed in any one of claims 1 to 15 wherein 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.

24, A device as claimed in claim 23 wherein the means of modifying the audio data

30 elements in each set of selected audio data elements includes:

- a decoder server for decoding the audio data elements in each set of selected
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audio data elements, wherein decoded audio data streams are output; and

- an encoder server for re-encoding the decoded audio data streams;

whereby modified sets of audio data elements are generated.

5 25. A device as claimed in any one of the preceding claims wherein 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
encoded data stream;
10 - 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;
- an encoder memory store;
15 - an encoder processor; and

- an encoder clock.

26. A device as claimed in claim 25 wherein the encoder memory store includes a first
encoder memory buffer for storing an encoded data stream.

20
27. A device as claimed in any one of claims 25 or 26 wherein the encoder memory
store includes a second encoder memory buffer for storing a modified encoded data

stream.

25 28. A device as claimed in any one of claims 25 to 27 wherein the encoder server
includes a means of applying the video timing criteria to the video data elements of an

encoded data stream.

29. A device as claimed in any one of claims 25 to 28 wherein the encoder server

30  includes a means of modifying the video timing information of the video data elements in a

set of selected video data elements.
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5 31. A device as claimed in any one of claims 25 to 30 wherein the encoder server

includes a means of modifying the audio timing information of the audio data elements in a

set of selected audio data elements.

32. A device as claimed in any one of the preceding claims including a system resource

10 server, said system resource server including:

- a means of determining the synchronisation fime;

- a means of registering the local encoding start times of each encoded data

stream 1n the plurality of encoded data streams,

- a means of communicating the synchronisation time to the encoder server;
15 - a commeon reference time clock; and

- a means of synchronising the common reference time clock with the

encoder server clock.

33. A device as claimed in claim 32 wherein the means of synchronising the common
20 reference time clock with the encoder clock includes a means of implementing an SNTP

protocol.

34. A device as claimed in any one of claims 32 to 33 wherein the means of
communicating the synchronisation time to the encoder server includes communicating the
25 synchronisation time after a synchronisation time query is received from the encoder

SCrver.

3s. A device as claimed in any one of claims 25 to 34 including a means of providing
the encoder server with a recording schedule, said recording schedule including:

30 - an encoding start time for which the encoder server Is to commence

generating an encoded data stream;
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5 system resource server.

37. A device as claimed in any one of the preceding claims including a data server for

archiving the modified encoded data streams.

10 38. A device as claimed in any one of the preceding claims including a video server for

storing the modified encoded data streams.

39, A device as claimed in claim 36 wherein the video server includes a cache memory
buffer for storing the modified encoded data streams.

15

40. A device as claimed in any one of claims 25 to 39 wherein the encoder clock is

synchronised with the commeon time reference.

41. A device as claimed in any one of the preceding claims wherein the video timing

20 information of the encoded data streams is generated by reference to the encoder clock.

42. A device as claimed in any one of the preceding claims wherein the audio timing
information of audio data elements in each encoded data siream is generated by reference

to an encoder clock.

25
43. A device for playing and/or rendering a phirality of modified encoded data streams
produced in accordance with any one of claims 1 to 42.
44, A device as claimed in claim 43 including:

30 - a demultiplexer for demultiplexing the audio data elements and video data

elernents 1m each modified encoded data stream;
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- a video renderer for rendering the decoded video data clements.

43. A device as claimed in any one of claims 43 or 44 including a means of
synchronising the audio decoder, video decoder, demultiplexer, audio player and video

10  renderer with the common reference time referred to in any one of claims 1 to 42.

46. 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

15 timing information,

said method including the steps of:

() 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;

20 (i1) thereafter, selecting a set of audio data elements from each encoded data
stream, wherein the audio timing information of the audio data elements in
cach set of selected audio data elements satisfy an audio timing criteria;

(ili)  thereafter, modifying each set of selected video data elements, wherein a
corresponding modified set of video data elements 1s output;

25 (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 meodified

sets of audio data elements form a plurality of modified encoded data streams, whereby
said plurality of modified encoded data streams are synchronised.

30

47, A method as claimed in claim 46 wherein the video timing information of the video
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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.

5 48. A method as claimed in any one of claims 46 or 47 wherein 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.

10 49, A method as claimed in any one of claims 46 to 48 wherein 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 video data element is to be

decoded in the respective encoded data streams.

15 50, A method as claimed in any one of claims 46 to 49 wherein the audio timing
information of audio data elements in each encoded data stream includes audio decoder
time stamps representing the sequential order in which each audio data element is to be

decoded in the respective encoded data streams.

20 51. A method as claimed in any one of claims 46 to 50 wherein the video timing
criteria includes the step of determining whether the 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.

25 52. A method as claimed in claim 51 wherein the step of determining the reference
video data element includes the further step of:
(1) 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
30 time stamp and its presentation time stamp duration is equal to or greater than the stream

editing time mterval.
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53. A method as claimed in any one of claims 51 or 52 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

5 respective encoded data streams.

54. A method as claimed in any one of claims 52 or 53 wherein the video presentation
time stamp duration includes a time difference between consecutive video presentation

time stamps.

10
55. A method as claimed in any one of claims 53 or 54 wherein the step of determining
a stream editing time interval for each encoded data stream includes the further steps of:

{1 detecting a local encoding start time for each of the encoded data

streams, said local encoding start time being the actual time at an
15 encoder server commences generating the encoded data stream;

(ii)  thereafter 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;

(1ii)  thereafter, calculating a synchronisation time, said synchronisation

20 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 synchronisation time, and, the local encoding start time of the
respective encoded data streams.
25
56. A method as claimed in any one of claims 51 to 55 including the step of discarding
video data clements 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.
30

57, A method as claimed in any one of claims 46 to 56 wherein the audio timing




10 U 10 U; 10% U& ()-!1y8%0% U U& ()-S5} 10% U&' ()-33"10% U& ()-; bdEj _@* -

10%r& ()- 6 10%r& ()-@O0%r& ()- - 10%r& ()-3 mo%r& ()-P "10%r& ()-

bf vdEj @ 10%ré& ()-010%r& ()-, PU0%ré& ()-

10%r& ()-)@0%r& ()-y]10%r& ()-

ADSVAE] _@HP+#10%r& ()-)10%r& ()-#"10%r& ()-!110%r& ()-}10%r& ()-C 10%r

& ()-LMNOTbCHl "109B&' ()-#109B& ()- 10*r 10*r

10*r:1109%r & ()-3"109%61& ()-1109%T & () - GRAELCH " 1098 () -

P1098& ()-P"1098& ()-6t$10%3&' ()- 1"109B& ()- P !109B& ()-[$xdEbCH 6%#
109B8&' ()- 1! p#109B& ()-1"109B& ()- PLOYB&' ()- P'1098& ()- | P$109B& ()- i HIEbCH

. 1098& ()-- 1098& () - P+@L0%B&' %4.098& YB&! 9

1088! #: c(%)mtms&ﬂ 1 ée)@@mm%g{‘s gété)@w)sé%? /11(8{—:%3}5@)@@%% 3 é%%“‘g‘g Sg%go dudid alfa™*

S (L AR SR 3t

| " 109&' () of & t6¥eRhée addid8mAh €lenlenflDORe gspedtivEQIEOded-dakeCd el s.
1088! P, " 109&’ ()-1)
109%& () -1 ("10% ()-1$"10%& ()-f!610% ()-1"10% ()-C'~BCaB7C 1 10 ;

108 (1) RO RO (ot B g 0 L s
10%r&' () ahdid Od4ta &ldnient 1 d@hSefedded 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.
10
59. A method as claimed in claim 58 wherein the audio presentation time stamp

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

60. A method as claimed in any one of claims 57 to 59 including the step of discarding
15 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.

61. A method as claimed in any one of claims 46 to 60 wherein the step of modifying
20  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.

62. A method as claimed in claim 61 wherein the step of modifying the video timing
25 information of video data elements in each set of selected video data elements includes the

further steps of:

(1) comparing the audio presentation time stamp of the reference audio data
element in each encoded data stream with the video presentation time stamp
30 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
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set of selected video data elements with the difference between the video

presentation time stamps and the starting presentation time stamp.

63. A method as claimed in claim 62 wherein the starting time value includes a time

10  value of 0 relative to a common reference clock.

64. A method as claimed in any one of claims 61 to 63 wherein the step of modifying
the video timing information in each set of selected video data elements includes the
further step of modifying the video decoder time stamp of each of the video data elements

15 ineach set of video data elements.

65. A method as claimed in any one of claims 46 to 64 wherein the step of modifying
the audio data elements in each set of selected audio data elements includes the further step
of modifying the audio timing information of the audio data elements in each set of

20 selected audio data elements.

66. A method as claimed in claim 20 wherein the step of modifying the audio timing
information of the audio data elements in each set of selected audio data elements includes
the further step of replacing the audio presentation time stamps of the audio data elements
25 with the difference between the audio presentation time stamps and the value of the

reference audio presentation time stamp of the respective encoded data streams.

67. A method as claimed in any one of claims 65 or 66 wherein the step of modifying
the audio timing information of the audio data elements in each set of selected audio data
30  elements includes the further step of modifying the audio decoder time stamps of the audio

data elements in each set of selected audio data elements.
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the video data elements in each set of selected video data elements includes the further step
of:

- decoding the video data elements in each set of selected video data
5 elements; and
- re-encoding the decoded video data streams;

whereby modified sets of video data elements are generated.

69. A method as claimed in claim 68 wherein the step of modifying the audio data
10 elements in each set of selected audio data elements includes the further steps of:
- decoding the audio data elements in each set of selected audio data
elements, wherein decoded audio data streams are output; and
- re-encoding the decoded audio data streams;
whereby modified sets of audio data elements are generated.
15
70. A method as claimed in any one of claims 46 to 69 wherein 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;
20 - an audio data stream encoder;
- an encoder memory store;
- an encoder processor; and

- an encoder clock.

25 71, A method as claimed in claim 70 wherein the encoder memory store includes a first

encoder memory buffer for storing an encoded data stream.

72. A method as claimed in any one of claims 70 or 71 wherein the encoder memory

store includes a second encoder memory buffer for storing a modified encoded data

30  stream.
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73. A method as claimed in any one of claims 70 to 72 including the further step of the
encoder server includes a means of applying the video timing criteria to the video data

elements of an encoded data stream.

5 74, A method as claimed in any one of claims 70 to 73 including the further step of the
encoder server modifying the video timing information of the video data elements in a set

of selected video data elements.

75. A method as claimed in any one of claims 70 to 74 including the step of the
10 encoder server applying the audio timing criteria to the audio data elements of an encoded

data stream.

76. A method as claimed in any one of claims 70 to 75 including the step of the
encoder server modifying the audio timing information of the audio data elements in a set

15 ofselected audio data elements.

77. A method as claimed in any one of claims 46 to 76 including a system resource
server, said system resource server providing the steps of :
- determiming the synchronisation time;
20 - registering the local encoding start times of each encoded data stream in the
plurality of encoded data streams;
- communicating the synchronisation time to the encoder server;
- providing a common reference time clock; and
- synchronising the common reference time clock with the encoder server

25 clock.

78. A method as claimed in claim 77 wherein the common reference time clock is

synchronised with the encoder clock using an SNTP protocol.

30 79. A method as claimed in any one of claims 77 or 78 wherein the step of

communicating the synchronisation time to the encoder server includes the step of




U& ()-4~$z& )

aBbC, 10% r & ()-310%r& ()-3)"10%r& ()-3"10%r& ()-! 6s$10% r& ()-310%r & (
)-) @BbQ)

V0% r& ()-3)("10%r& ()-3$10%r& ()-36#"10%r& ()-!*%0% r*r& ()-3"10%r &
()-"maBbCy8@0%r& ()-6 10%r& ()- 310%r& ()-!1C0

VAO% r*r& ()-y-#10%r& ()-1+#10%r& ()-m YbC) | @0% & () -

@O%& ()-10%& ()- 10*r 10*r 10%r; @O0%r&{)-: %40%ré& ()-p~?bC 10%& ()-

1 $10%& ()-2z) 10%& ()-!eS$10% ()-y) PLOYE ()-Y

109& () -t MIEbC ) ("109& ()-1y& 109& ()-$"109& ()-f!0L10%& ()-1"10%& ()-

| " 109& () - q$t dEbC] 6" 109& ()- 13 109& () -1 194.09%& () -

| 0" 109& (gonpmunigatge( $hezaynchrooigtion timepdiera eyarRTeNisatigngime yquemp ist tpegiypd

109& () -1 ) (Vd. % Py8 109 ()- vz:aBbd|
10988’ () - )é%“g"d? SER¥&s8&: ()-) S100& () -) <
1098& ()-I 10%3&' ()-' d&aBbCP$" 1098&' () - P6#"1098&' ()-1!1098& ()-!P 10988& () -
1098& ()-<  109B& ( l\ dBbCl 81 %409% 8( 8& (% 1098&' () - .. - 109B& ( %
| +1098& ()80.) 1H9B&Ehed as clpimerpugey©@ne St clagms 706e79 1oeigdipg the step o providing

, 1?(,)/“,&; ( %Bb%%éﬁ%d%r 3’:% dﬁf}@?? fe%%%ﬂ%é’/é;@%iﬁﬂsn S é‘g{@hé dchedule including:

10%&' () -!_6s$10%IU& £ ehtSdiMHERB1imd @bl WG YRS (heher - DR’ T5) td cbynfuence
%M0% ()- @y& YOWDE ()-$" b b %@f |- 100 () - 283900060k AP110% ()- 10 10
101 1, : =9400& () - | 61083 N AEENCE Jrepms | o 00 () - PYU& &) &&' 8' dENP110%-

c 10% O-Y  10% () &co&%éﬁénﬁ)tlmeli%r/@h(c)h QU daks server is to cease generating the

encoded data stream.
10
81. A method as claimed in ¢laim 80 wherein the recording schedule is provided by the

system resource server.

82. A method as claimed in any one of claims 46 to 81 including the step of providing

15 adata server for archiving the modified encoded data streams.

83. A method as claimed in any one of the preceding claims including the step of

providing a video server for storing the encoded data streams.

20 84, A method as claimed in claim 83 wherein the video server includes a cache

memory buffer for storing the modified encoded data streams.

85. A method as claimed in any one of claims 70 to 84 wherein the encoder server
clock is synchronised with the common time reference.

25
86. A method as claimed in any one of claims 46 to 85 wherein the video timing

information of the encoded data streams is generated by reference to the encoder clock.

87. A method as claimed in any one of claims 46 to 86 wherein the audio timing
30 information of audio data elements in each encoded data stream is generated by reference

to an encoder clock,
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stream;
- decoding the demultiplexed video data elements to provide a video data
10 stream;

- playing the audio data stream using an audio player;

- rendering the video data stream using a video renderer.

90. A method as claimed in any one of claim 88 or 89 including the step of
15 synchronising the audio decoder, video decoder, demultiplexer, audio player and video

renderer with the common reference time referred to in any one of claims 46 to 87.

91. A combination including:
- a device as claimed in any one of ¢laims 1 to 42; and

20 - a device as claimed in any one of claims 43 to 45.

92. A combination including:
- a method as claimed in any one of claims 46 to 87; and
- a method as claimed in any one of claims 88 to 91.
25
93, A plurality of modified data streams produced in accordance with the method of

any one of claims 46 to 87.

94. A plurality of modified data streams produced by the device of any one of claims 1

30  to4s.




