*159159* 1 Transmtting and Receiving Real -Tine Data
The invention is in the field of handling of
time-sensitive data over packet swi tched
and nore particularly transmtting and recergmmmmm'mm
data over the Internet. The invention relates to_a
nmet hod of providing a stream ng video service 657
client across a packet network whilst reducing the
start-up delay usually associated with preparing a
buf f er of dat ArankmittingaindtRecelvivgy Rbel-Tise Dhtaa buffer.
The invention also relates to a nethod of controlling
the transm ssion rate of the stream ng video to adapt
Thel RVEMEL &L inOfhel fleld ke H&%Hw bt tiffRdeAdiRbbte b packet switched
Internet has supported traffic such as FTP, e- rralﬁ and
netwelkss uarid maore pAGIcearletranemitting derichyredeigimanuideo data over the
lnteirﬁ‘étri nsically detract fromthe final presentation of
the nedia. The advent of faster processing nultinedia
TheP@ventias relateseto 4 heetled bt erovidiaf anstreamid aideb nehwick Bg a client
vi deo, I<<)ver the, I nternet. Ti nE-sensi tive _a\rﬁ)l i cations .
CTPR5R PEF KPR RK SRSt TBEURING dhastanupr delay wspally associated with
preSaHHoRA baedr ofidab Baneh AlhizidlRS @ne cRBNYYEA Buifdhi GReiiSvention also
seemngly at odds with the packet-based nature of the

relates 9 @.eme.tl’aﬁﬁj Oﬁ@@ntfh@inpdi'\érﬂa@mi§8'0i rgit@pr the streaming video to
adaﬁsgg@égﬁi&ki%ﬂﬁn%é H?ﬁ@&%ept abl e packet jitter, i.e.

variation in e rnter-arrival tinmes of packets
Tradidiosalty the aerinabhes sopportal eratfic ebietngediA, iebmalfand web-surfing,
delivery rates ow ng to congestion. Currently, )
Wh%’&rﬁ‘?&r‘&‘f%f"?gte%a%%g”°tt @&’H}?gqai!@ji QREr %?Ge{r”?;'an%‘ej fingl grreggptation of

the GREEA S Uad a&@tIoarfa@cebbwc%ssihg-rﬁ&ﬁm#@)s R84 QfiGen the delivery
starting to E,Igayback video material. This start-up

of geyltipnefia, nivgludinng ndded opver gRerIntgmet. nalimeseasitivewapplications

' t hi.s:.per| f Lreal i si c e .

novtler Bafig8 FEoRfiuol BUfied S8, sgRS BRRLanidfy CRRL Phogyioeh dare
chahhelsusdiich &xpeerimglyeanbdihevithukite padket-based sentuat oOthe Internet

ccording to a first aspect .of the present .inventigon
and i el 0 R R SlFT P R RGNS Uit BRFGRgP It Rpoket fer, . the
vari@@BRUM QRb | PRerdtAd4IakiHTesC ORPpacteld dadstal bli UBri&ldd arouting and
sender, a real-tinme data display device having a )

chaggeptdlityrpf deliMetyvigies ewinadetdongesion Sew@atly, eeramsagial streaming

teclqunoﬁgéigy o@%)@o?ﬁe ji’?t%i’ %y”%&%cﬁﬂapé il§|jg%gb15#§r %%Bsseocfo:nds) before
starting to playback video material. This start-up delay is non-optimal for a user, who
may have to wait for this period, before realising that the content requested is
incorrect; and generally detracts from the users experience of the muitimedia

presentation.

According to a first aspect of the present invention there is provided a method of
operating a real-time communication apparatus comprising a real-time data sender, a
real-time data display device having a store and a network connecting said sender

and said display device, said method comprising the steps of:

operating said sender to transmit a plurality first-encoding-rate data packets
representing a first part of a real-time presentation to said display device, said

transmission rate being higher than said encoding rate;
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operating said sender to transmt a plurality
first-encodi ng-rate data packets representing a first
part of a real-tinme presentation to said display
device, said transm ssion rate being higher than said
encodi ng rate; 2 5 operating said display device to:
receive said first-encodi ng-rate data packets into
said store; renove first-encod ng-rate data packets
fromsaid store at said first encoding rate for
decoding to present said real-tinme presentation to
said user at a first level of quality; on said store
opRIFHRYY I FaPIAY F8VICKite: first - encoding-rate data to a
predeterm ned | evel, 10 sending an indication that
said | evel has been reached to said sender; operating
reseivéd saihfiest;ensndingoetqpdatefpasketd intedsaidisiare;, to send
second- encodi ng-rate data packets representing
subsequent parts of said real-tine presentation to
repdo v fidt-2RtadingexteChata patKets e EaRNAGFH A0sdidPstARicBEing rate for
hi gher than said first encoding rate; 15 operating ‘
degqdingiia praggntiedid Faalitine peasentationdedisill esrr @diantirst kavel of quality;
dat a packets representing a subsequent part of real-
time presentation into said store; 20 renove
o1 setihsitoes deitigntiladatvithdseich fipsiedoebdinrrata datiactoss @redeagrmined level,

8tp PRANIE T B adio a9 Gl aracfisod i B aERone
| evel of quality higher than said first |evel of

quality. 25 According to another aspect of the present
OP{PENY i S tSBBFRY i frogiatdeld said iadisationf to seRd aysepmdrencoding-rate

d%ﬂ&?ﬁ%@%@?irEbPé@e%@.s%se%u‘éhg ?g?'ts‘;‘g\{ gﬁ%%ﬁggh@chﬁg?gﬁﬁan to said

tIme-sensitive o

| displegideving, tskitesesend iencodindasdte heng highastHa@esaid first encoding rate;

transmtted to said client, passing said
time-sensitive data to a data buffer; and, nonitoring

opéretiganid diyplay delizetsensitive data in the data
buffer; reading said tinme 30 dependent data out of the
data buffer to be processed for view ng; wherein the

receive second-encoding-rate data packets representing a subsequent part of real-

time presentation into said store;

remove second-encoding-rate data packets from said store at said second encoding
rate for decoding to present said real-time presentation to said user at a second level

of quality higher than said first level of quality.

According to another aspect of the present invention there is provided a method of
presenting time-sensitive data at a client while constructing a buffer of time-sensitive
data, said method comprising receiving time-sensitive data which has been
transmitted to said client, passing said time-sensitive data to a data buffer; and,
monitoring the quantity of time-sensitive data in the data buffer; reading said time
dependent data out of the data buffer to be processed for viewing; wherein the
method is characterised in that the rate at which the time-sensitive data is read out
of the data buffer is lower than the rate at which the time-sensitive data is passed to

the data buffer; and the time-sensitive data is read out of the data buffer when it
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method is characterised in that the rate at which the

tinme-sensitive data is read out of the data buffer is

| ower than the rate at which the tine-sensitive data

is passed to the data buffer; and the tinme-sensitive

data is read out of the data buffer when it 3 arrives

in the data buffer, such that there is substantially

no del ay between the client Beceiving the

tinme-sensitive data and naking the tine-sensitive data
arAVéd Indleedatamiiffer PéRhERbE fHird Resdbst@TtRADFot daIgy BafvieerPthe client

There will cone a point when the data buffer becones
reggj¥ingcthentime- WFF'VG Taéa @ad anefing ftheytisne-sensdtive: data peailable; and,

rate of consunption by the

prgger&ﬁ%%%%eﬁlﬁssgﬂﬂ gm"%fl bring the quantity of data

in the buffer to an eqU|I|br|un1 However, in this

ua ion_the f the.connection ot, be
THAS VB 6ot Srmsrt Whgh st Sote Bt be oA ﬂgﬂgéeﬂgéw?oﬁhe rate of
trdrf¥enip€ien &tn ihRvetd teduckd e &qusl tHeoMtdled cdnaBinbedn Wy the viewing

presenting tinme-sensitive data at a client, wherein,

meaevdis Ml bingitheaauandibretidate i the pytfepia ap gawilibiium. However,
r term.n [ 0 a_fi
ing 8 PUREHEA T e, BaRTAHE & e EoneAgh: fnbyohof Befembldyed to ful
caplacimw.ed at a second blt-rate is received, wherein said
[ her .t han . the. first rate 5 .
inje €5 asieeh B Sha feme et stis ol S of Bresenting
tifbQ¥h&iese Aatebhadlioht, WHarif] NgheldeRBitive &1A%d bhoddddcdtaa Hifst bit-rate
a client is taught, wherein time-sensitive data

is gReQMed Ul & prerdgterniped ayprtitysof dal@ fillotheadaia bufferatwhereupon
m’HH feﬁ itidk d%taf bﬁé&degre?crhsg@c%ﬁtl% 1ol ?s #e%e@@dt&vﬁ@?éﬂ E%ﬁ?saecond bit-

e client an upon reques tinme-sensitive

_ ramcsdnigtierathaa tbedostcbibrater ate i s read froma second

d buf at, a, second rate desirabl,e .to ... .
A TRt Herdte B BRSO et et oyideses TS PRiet ufoviding time-
saP@RBleldRatto a éllenl SMtduglftiahdiematine-sehiiflvé dit0edoded at a first bit-

bit-rate of video data cones better quality

rafe by (RGP fisgtndatarbuffes s aoflrsaatfaa'snnsw% rﬁétmoliawransmmed to
theHieRe. %V%E)ang&%ene ﬁ@@eﬁ{ltlvéﬁét\é' 8d%é at a seconid:blt-rate is read

out st r'i ppi ng t Its of Increased bit-rate
fremanpéeondnfiath Réfepabdisetonderatedi ng schemes such as
H. 263 and MPEG, receiving half of a 500 kbits" video
streamis likely to give a nuch worse quality than all
ItQ§ desitbble KOubE asShuERBf the avaflablBesapldoviéth BPer fidbs tgbssible to

tr;%gedattgaggcnalu%glv%nhraa thexgr'lner; tﬁt-?aqcre]tcgfoklldeeg Y:Ivgt)z/a cchr%teQ el:Ee‘c‘cer quality
reproduction. However, loss of data in the network causes severe degradation of
service — far outstripping the benefits of increased bit-rate. For example, with
predictive coding schemes such as H.263 and MPEG, receiving half of a 500 kbits™
video stream is likely to give a much worse quality than all of a 250 kbits™ stream. It
is therefore important to reduce transmission rate in a controlled way, rather than
letting data be lost to the network. The Internet protocol TCP has a built-in control
mechanism whereby the data transmission rate is steadily increased until packet loss
is detected, whereupon the data rate is reduced. The data rate is then increased
again until packet loss reoccurs. A variable transmission rate is said to be elastic and

applications which are able to control the transmission rate of data in response to

network conditions are said to be TCP-friendly. _It is desirable to provide video data in
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letting data be lost to the network. The Internet
protocol TCP has a built-in control nechani sm whereby
the data transmi ssion rate is steadily increased until
packet |oss 30 is detected, whereupon the data rate is
reduced. The data rate is then increased again until
packet | oss reoccurs. A variable transmssion rate is
said to be elastic and appli4ations which are able to
control the transmission rate of data in response to

a MEPYREMKDIGORSN bbQARst MetasSiiudhtd? the ddrvititieadhnable lelf ahy particular
desirable to g)éow de video data in 4 a TCP-fri endl

timpays YHlisatht A tethes benefit of TERJripadivdate iHeliveny isbthet gpngestion in

C f .
PR Rl Bl bRl 4505 AT s o
eachthas rkfairsshaae af titk bandwidthui dual applications

SGRGHE AT BiRES B aATI % S PES A5 can be managed to
exXhRfiNTolPogiendly Batdviar, NEEGS: &éﬂﬂl@@ﬁe%llgﬁnf@%gﬁéjndmg patent

to exhibit TCP-friendl y behavi our, see for exanp
anPIH@atE%pPFE@ﬁE GE 8828@%3ieng Thist %qwtm'a'pbpvv@a@li.d‘ﬁqnmﬁaerhlgh speed,
&?Bez%zrg/l -Bhééea%)l *L;!e%@odlh Vﬂcoo‘regod“é'tg %¥re8m from a high bit-
Spee ed cat ed deo str
ra’cTer amsactm»/rtgt gate enberdedtvdmkacatgeeannf|Bodletacfe|dghlsb! duffers from the
oriBleBLpERSap Sl ity ABRAHE L 0BP LI GPGRchar g use lavering of

viG6uTRiHE &k O Aabletdb Jd@l‘w{lﬂbd‘@tloﬁ’s”@tdwe@@pﬁ\r’éaﬂln'gsoﬂ@robﬁ%g layers of
eo s

| ayering of treans, whereby gqua adapt i on
thesvidehiséieam- bnymQISﬁ@vzmta@n epphisgmedhed gs ghat tihés inaféigent, as a

cettdi ?P&Bpo‘}hSn ddf%‘lvmilé‘&s @Jndwa& Hif o&% ﬁ% EH@& th mgﬁ'téctlons for

I nefticlent as a certain pr opor e avalla

_ mtwnatmgjth”e lavets. be all ocated to instructions for

t 15 Th - S
T, PGt (P RATHESARG PR ar R ChavpeIEl e fRecht which time-
sdnisiie R84 tdadeotoem iffst’ SRfls@utind’ bofedsi hay b_RNGYPGeAH varied in

- buffers may be dynamcally varied in dependence upon

depsadennedi R heotonditiamgft @ Hnk Hethe plisht, aaddurther Riene-sensitive data
erfdolEd ?? B b4 ?l@ réj@t@rea%nl’?&?eadfu%tc datd ?{lﬁgr bi g?lrr&tt?aﬂs?msswn rate to

read froma first data buffer at a transm ss
be &taesmutedto thacientt toe,dtntne seheitivkidata ;enooded at a second bit-rate is

| sensi ti oded at secqnd bjt-rate
repli it pavecand Bafibita s Aielh riie I 8ReuRls o ionithe Sondition of
a d@lpwﬂemeleermpmetehesﬁemmstt bieratefis Icdvéd thanttBetdd@ond bit-rate.
client, wherein said first bit-rate is | ower than the

second bit-rate. Enmbodi nents of the invention will now
EMBo@lﬁ%& Sﬁ?‘g@ hwewgyne Qbill $6NTBL *e3Bited, by lvay §F BXEAER only, with

reference to the figures, where:

Figure 1 is a schematic overview of the relationship between encoder, video streamer
and clients;

Figure 2 shows the arrangement of the video streamer;

Figure 3 shows the arrangement of a client; and

Figure 4 shows the stepwise operation of one embodiment of the present invention.

As shown in Figure 1, a first embodiment of the present invention consists of a
source of compressed video data, encoder 1, which encodes data both at a low bit-

rate R.. which mav have a value of for example 500 kbits™, and a high_bit-rate R, of
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25 Figure 1 is a schematic overview of the
rel ati onshi p between encoder, video streaner and
clients; Figure 2 shows the arrangenent of the video
streanmer; Figure 3 shows the arrangenment of a client;
and Figure 4 shows the stepw se operation of one
enbodi nent of the present invention. 30 As shown in
Figure 1, a first enbodi nent ®f the present invention
consists of a source of conpressed video data,
fore&&‘?lqgﬂé 11"}00""2‘%19&11 ngﬁpp&gﬁnbc%décq}seﬁ is szgbtbutreﬁhglly may be
L, may have a val ue of exanpl e
ankmﬂn@' cod@méuah lais MPESH4 - rEattcedﬂl—U taiﬁess liver vidrardsita ad 580nput, for
[ts ec used is H 263 but
'nsl%g ?broa&gﬁtcg @érglpﬁeervgggdec such as MPEG .
ThErtomdeﬁcoHetiaieeas stréame arevtrlegmididdaviasepdratd BRIdal céMiections to the
j nstance a_broadcast of a sporting event. The two

videQ AR efafalls B rERNSEVSHIRN 1318 L 118 VidPe Stepmeste may be on the

sah@OhreRlis&0 RO ARE 'eﬂ@@detrq tah@ ll&e&'ﬁ@%nsﬁ&%ﬁg?r Tzf'\ea@ld@o streamer 2
transm ssion rate E. he video streaner may

runshen sasrsver eﬁmse‘@r,aﬁort nstamge ociee cprrmdmg ak@elntmra lﬂn700 MHz,

Ld 0 str runs on a server
56@&1)?‘?‘& w}%;QﬁhIXE Gede ﬁg?%tg%rl sing a PentiumlIl|
A Vid@o Miwer, %GNB reteMeditb &3 thasliaft @ahnihg drhg PON{sEH, Badte in Figure
A video vi hitherto referred to as the client,

1) rivaPHg csﬂfe NS teah B/ agEesSi 1P HigUpemetp M3y Lenpags o the video

str"éQR\fel' PUIBAhE Qn YR AECHSS the cﬁtgﬁ’t IsNAK52E RE tacc BB cﬂﬂ@ﬂfec‘l\ suitable
the video streamer 2 via the Internet and

PCctar@mal i agdfieMHz %ﬁ:ntexs;slld@mberﬁc AheuiiderthbbwearR€ 2 can support a

rm.nal Pnt| PC Th V|deo
rgf Ry o Sulhes 3Ry (B Vo) 100 vip B Breand afredh
Fot t)livedabhycasp, the chobder VMW@GSM&%t&ﬁﬂ%nﬁﬁTsem raFeDrs @hich is
live b adcast, the encoder 1 will transmt at
req iR IO 01 FURaneTel Gpiech and n sodect aiptent AfGratemotfer
dlﬁér@ﬁ?‘ﬂﬁaﬁ? Vi oPreBlod@BHloRb i Qdef dtra dikhar G0 ¢ §an5@¥r§ﬁsmlsswn
ferent quality video reproduction, but each
ratgaila Jiheetatd mustbhalesaded et this MisSpothe praigeam TE. plathkack in real-
# ?ata nmust be decoded at this rate for the programto
plfay back in real- tine. Figure 2 shows the
Fiqure aﬁgmmmthe)érradfgemlardm thé vizizoestreamdr@y Qo d'u.iaylty encoded video

encoded vi data encoded at. a |low bit-rate
'd%aﬂm%ﬁ* %qu é'téﬁ‘@ {Fab o linaensadsdoties dgta encoded at 2

high bit-rate Rn from the encoder 2 is received at the input connections 21 and 22
respectively and fed to buffers 23 and 24 respectively. It should be noted that there
is provided one buffer per channel of encoded video data that is received by the
video streamer 2. Encoded video data is read out from each buffer 23, 24 via a
switch 26 which selects which encoded video data stream is to be sent to the output
connection 27. There is provided a buffer manager 25 which is capable of
controlling the rate at which data is read out from each of the buffers 23, 24 and
thus defines the transmission rate Ts of the video streamer 2. The buffer manager is
also in connection with the switch 26 and is further capable of receiving signals from
connection 28. Tsis selected by varying the time delay between the transmission of
each packet, such that Ts may be less than, equal to or greater than the encoder
transmission rate Te. Those skilled in the art will realise that the limiting factor on the

sustainability of transmission where Ts > Tt is the size of the buffer 23, 24 such that
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ernafidee Vi Feghatisipent

high bit-rate RH fromthe encoder 2 is received at the

i nput connections 21 and 22 respectively and fed to

buffers 23 and 24 respectively. It should be noted

that there is provided one buffer per channel of

encoded video data that is received by the video

streamer 2. Encoded video data is read out from each

buffer 23, 24 via a 25 switch®&6 which selects which

encoded video data streamis to be sent to the out put
a 6OfIBEst 508 SibitsTRAIN® aiSle RbQVISERE adrdHshliSsio PR YR Ts 22T for twice

which is capable of controlling the rate at which
asdlang ass2 petdr elisiz¢ Pohrikeiseh Throudiethmugdniral opgotipawitall 26 and the

[ n e Vi I
trén{lt,ll’r?g%g};l gfesl}%e L{f%g r?‘a?g is Efﬁgecoa gglfoll %ﬂctgﬁ-ﬁaceicg&mrﬁh is output
framtthet\lndaecsnirt:mherZB oartevd sceﬂw tH‘yeaidjoam@ﬂ& t@énsfnﬁ@ﬁbwirdi’cg Ts fine
nal.s, from 30, cognectlon el ect ed

e o SNt i TeTas B NE T, BodhBu e WiTRDITg BAtRArc g gt encoded dats

stPeRs PREARID atSBIEPutéDRL add AIRYNES! bR biladte o‘ﬁoéJ@JJarEQ scale may
or greater than the encoder transm ssion rate TE.

- berpgiyevedi Thedufigr feaagen ZWmalkersea@Ws;@\etnrﬁato Ther swntches the

ov.kt.k.)m Bé&geérﬁ%ﬁ rsQf r él%%nsé#ét nrz]x rl 'e“éd f? nn ctPP

ansm ssi on ere Size ‘o
Fn@Gre 24stsved théarraigembnrf bér‘thefcllantzeur&xk@lohsa \Bd I3ab® c etc. The

abl e t a tranigﬁﬁﬁcgj;gg@g&%% I%GCZTE O e client via

a BBnEQNT o &id BRddRed Wot €BifletBRekst BE a badkas %s%saétector 31. The
rate Ts the buffer manager is able to control
ditﬁat isy ghen \ieNt Antos a oglteptit buffero gt whiah decfsa rsemmwtabl@rto absorb

con‘?@oﬁ% n]gw%r@cyg@g'hgtgt.t hIehet Elﬂé?neve%%r% f Ec?nne%téd Q‘?ectly to a

e IS acC

 dewidec BiSngnd étowe erere decodwr datzoid etntad de cﬂt;rlesaaiisat the client screen

T T LA L e T

arifdiient HRREE32.25TRR kSN Adithels "RIBh#of B4TSs Ables Wb L £h@Ssignals via
t he oué;)ut bet ween buffers in response to signals

corneetiord&.r om connection 28. Figure 3 shows the.

T@% @g@%ﬁgﬁgﬁ o%fteultg'r%?lrJngthtorrsgﬂ{%rﬂﬁwopa&e?§ %@ &et ‘f?ﬁeis detected

0 encoded vi.deo sent rom
theindecsngnai damn@Ent Z2oitheradieet \segtuat mbhikorc Bdenhioh ds imforms the buffer

connectjon 27, and checked for co l.ete anp
meORESTqBt dlpor8] SHREe G 413 CORTEHAeAE PSRl pagis can be
rédtshE@itted. Whe buker dlarfagel 25 StHadaplifcredsaabary Pransmlssmn rate Ts
fluctuations in network throughput. The client buffe

ugil psCRRFIREEE cRRUERT eoh IRACKeEL AdossjOcEHE: indicatipg f"lhé'Fnthe maximum
béﬁ'ﬁfﬁgﬁﬁggﬁ Lﬁ@ge‘gﬂn'otﬁ\ éﬁégﬁ'\t%rgstﬁ@fgﬁ%gﬁ%lﬁs gatgéngf{egﬁon free network,
tH@4 tiapsoiswiet trett To mae thaokes d)«pgsedmmycteducad ahed chent status
n}obktggﬁgblgj{og\ 8[53 \;Ic-)rl]t?me ofec?e}ta %gscllen Lt:f?er §24 s'ugh %I’kn)alltea signal is
sent via connection 28 to the buffer manager 25 at the video streamer 2 when the
client buffer 32 becomes sufficiently full of data.

The system of video streamer 2 and client 3 as described above allows user-friendly
video streaming, i.e. the client buffer 32 enables the quality of the video to be
despite variations in network conditions, which might otherwise have a detrimental
effect on the overall perceived quality of the media.

The operation of the present embodiment of the invention will now be described

with reference to Figure 4.
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connection 28. The packet |oss detector 31 nonitors
i ncom ng packets. If packet loss is detected then a
signal is sent to the client status nonitor 34, which
is, inforns the buffer 20 manager at the video
streamer 2 via connection 28. M ssing packets can be
retransmtted. The buffer manager 25 steadily
i ncreases the transm ssion ratze Ts until a consistent
pattern of packet |oss occurs, indicating that the

THEX B8R tr s 45 Bnitisiisagl Behich idJohRd: ill Hg ttlh@ bh?‘fte?sr 88! 24 with a
of maintaining a congestion free networKk

ayaniigy 9 slstaofrormathe ensodax 11 Hen akie/edorpadmt,l dﬂthys constantly fed into

th\%gﬁﬁ%gg ozfsT?gt grlu? %n{%?eg‘ﬁse%thé Bél]q?a%# ilf & gﬁpqv.{qgto? yme deflned by
thei sigeadf ﬁm bua‘ée:rtandl theapAagcsHi dita %rtgqetcb@e@uf fer

ﬁa“&%{ at the video streaner 2 when the client

AT fﬁ&%ﬁ%@gﬂgwﬁ? 2 PEHY$S, Weh|nages opdha Interret may be used to

seet LM IOfo \bej@Qarﬁbfeeﬁ"WE brosEhh %rgtteghc?s?edjs?%é Qﬁﬁt providing
above al | ows user-friend l'y video streamn d

steqgneatt vigae f &elwlr@ﬁ&me@‘snwl@}gaheWr'ta:dularrudap\nrdﬂoadaast the user

| v e ons, ch
ot (Pl Rl B REVEIe g ol octarRabe sfeneg Video data hes
bme:reaLalesqaerm leadciopsathiet ided viehangedes. soffea@Pehrhi ébodies the
ent_ enbodi nent of the invention will now be

of th
oIt 3r | BRRICTEOth P ETeR CAER f@taficgmeand via cpRBeqtiqreds to the buffer
m§ﬁéﬁ@5 vahi'cﬁ deté shvitch SBaflto Y%‘d%c‘oﬂ%’lv\’o%% Jdt!alfl:]cf?\g thdfow bit-rate

buftfers 23, 24 with a quantity of data from
daéﬁcb@élf@r 28, ar}Ibfeqaeﬁﬁs\ﬂetrbmamndelaetratedét& Fs2BonBhedstayis transmitted
Q e d i.s_subsequ
% éléjcg Cc?n‘iﬂ??tlgrlfl 2785 gl%)’ ncgélioacﬂﬁé:haré? ghelgg 90&? ﬁéagxipkeeencodmg

d| scar an anount of 't

| b.ofate loitel fbbee ArBDQ kisitLfal Rt y defa Al 8 idteithe neewBikVRthe client at

ng, browser software to browse web pages on

ﬁ nni
af5ﬁ8°lf 09 lglsmay be used to select a link to, for
THRX kS, re@ellvbh’Qh@ém@%dﬁ‘dé’ca%‘nﬁ%eheﬂﬁﬁa BYe g ket Jos Joss detector

entity providi n% streaned video. Being intere
31 tefra gllamidubter Si2cwhigh isbupplied dirtbadataATe. tWhendeta is detected in

I L& LOWSI f
R S elericbliol Vg dbfa SRR AR ik liGopiaras at o rate
ofafid |Tenefoes thé dutfed S2 ﬂllse\&t rgraté i'lemvhtk@ﬁlﬁd\/a!reeom 6Bta from the
d n’godlsg fﬁ*rg ?.O cI| t 3, The c¢lient, 3 |ssues a"
GFRER 30 ARRIVeS: cJRHEGPP ofFes8s tRIOYIHES bifkh ond ewrra@ras without
hadfng ¥ivah BetiSe ENdrt P2 30or@ad encoded video data
fromthe low bit-rate data buffer 23 and requests a

The disaimanitn Javaits forrdequamtity, offiedatatia thesclient buffer 32 to reach
a [dpB0FRL LGS, upon which a “switch buffer” command is sent to the buffer

manager 25 at the video streamer 2 via the connection 28. The buffer manager 25
then switches the flow of data from the low bit-rate data buffer 23 to the high bit-
rate data buffer 24 and instructs transmission at a rate Ts = Te. Using the example
encoding rate cited above, data is transmitted on the network at 1500 kbits™.

The client buffer 32 will then begin filling with high quality data which will be placed
behind the low quality data. After a length of time the Ru data will begin to be read
into the decoder 33, whereupon the user will perceive an increase in the picture
quality. At this point, the client 3 has a full buffer and the user is watching images

of a quality which is consistent with the capacity of the network link.
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to the data connection 27 and thence to the client 3.

Usi ng the exanple encoding bit-rate cited above of

500 kbits " for RL , data flows into the network to

the client at 15 a rate of 1000 kbits". The client 3

recei ves the encoded video data and sends it via the

packet | oss detector 31 to the client buffer 32 which

is supplied at the rate 2TE . 8Men data is detected in

the buffer 32 the encoded video data is pronptly read
TREWided sthanthe Q0oeeT subport a Aufdlet of @fientE (typld@K efdd®. RN client is

buffer 32 fills at a rate TE while the decoded data
inftizlhn BiYEN 2D ‘YHAYRIdPakaut PaiftsfRrayieel starivp tPhesesathereupon, after

h ' r

e fUIRARE AT olgrRORr 1 18, M PifioneB R e RidkY brreamer 2 is

s@eblyiagt Sighorbit-tatce qoiﬂat froyn otheRbuffdat 24} nthieheead-bentpoint can be

bu fer 3 r eci fi evel pon which a
glgeaneh o o SR Al TR oLb oS ¢ Feafiiptr roimisamayehave to be
da\5olaéd bilistrelemcRisrif algwork &a@adiﬂed&ﬁaﬂ&wr@&@é or HaBreasing the

buf fer, manager 25 25 then switches the flow of data

trapgRispien rF"EﬁAf%latparfﬁ?léard‘atSét buffer 23 to the high bit-
f
T?g?g"'g@%ﬁ@” a;fpﬁa&?%efhgigﬁélfcéﬁ Hit- RS 'Eﬁ‘a?asbﬁ?ﬂeraﬁlsashguld be of a

encoding rate
snabwfe‘ph odll alipw dataris et reed foom tithet aleawo?.'ks flr alpéibd of time which

. b f h he fill
s Iorh SoUAN ST PYEe e S e B2 W o BRI guRiyy St deta. For

ekdBpleOVH gkt ith oudRk & sdfon@s ohRRAtBD@ kbt maaiehet tl’%"Cllent 3, the
data will begin to be read 30 into the decoder

vwﬁer%@aawrt%@uagéva 111000ekkitsi Qfedata fondr erppadisn 5@ﬁé<b'fs of which
V\};j’lbl‘ﬁfe“c{)oﬁyfs?hléh By thebeddUe? JHOpEY sen{\I & Shd %WO E’o@%vaill? build up in the

and the user 1s watching inmg
byfifat berysammd huntis 5 csecmdgtmelapstdd t'ﬁlazerefmaahe yowfbit-faee data buffer

Sk BRbls o e Lot SRS, A8 85 1 ol BBREE plr 0.5

Thélldklllalzﬂpfergd)rveﬂll ApPFYCie theatheddltar® YProblef@l adsdRiated with ‘tapping
start-up phase, whereupon, after equilibriumof the

ingp| @nttreAi 1oy engodtd sdsaenhpe e ds dRdialingeed qug of a buffer. The
%r‘h??é%@férg echolog |é’dll p0| %{Eéggiﬂﬁ)ég&@c%%ﬁgﬁkg{@g&dIE%dmg a frame

4, the r ea
ofwideo statertesneean ane!adr tanepaiant birarﬂeaamdoﬁmmpmimframemn estimate

. hav 0.b | ved, as di scre net k .
48 88 SenlSH BF Ae AFSRRS S PR e g tomed
Bife &M [BSihid wadt thel Qiamitparfidatblrapreebh®iy a JerRsSéd frh@@s may be
person will appreciate that the low bit-rate data

omatly efedgednotiPyere df the fust &ramn &p BA reachifiamy aiheq of the data
bEﬁeRGZGG@ fig QMBiftarRE tRek &he A LE £/ fANRRT bPUieRbdld Mata may be

unlntelluglble as the decoder tries to reconstruct frames based on an estimate. In a
further embodiment of the invention, an extra buffer of data is supplied in parallel
with the data buffers 23, 24 consisting solely of I-frames. The first frame to be
transmitted is read from the |-frame buffer and thus gives the decoder a reliable point
from which to start decoding. Data is then switched to be read from either of the
data buffers 23, 24.

The system allows user-friendly video streaming, i.e. the quality of the video does not
fluctuate rapidly as network conditions vary, which can have a detrimental affect on
the overall perceived quality of the media. In the event of packet loss being reported

by the client, the system can exponentially reduce its transmission rate. This need
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10 is long enough to provide the client buffer 32 with
a suitable quantity of data. For exanple, in order to
buffer 5 seconds worth of 500 kbits" data at the
client 3, the video streamer 2 nust supply 1000 kbits
of data for 5 seconds, 500 kbits of which wll be
consuned by the decoder 33 per second. and 500 kbits
will build up in the buffer $er second until 5
seconds has el apsed. Therefore the low bit-rate data
nobubset in En isiediaee ablitehing boltHe alidé®adtircBMaist ther®fmay be data
at a 5x|000kb| ust over 0.5Md. The skill ed
bug‘ vﬁhle C'éﬁ%r ire%-\&p tal{ﬁaaft?rhélp% p(ﬁcgeb,lcbsa Bnis possmle that the
tra%%%?s%r@{ %jceVYstleeF e ‘Eige e'n%éﬂn "’l'a% r {H:tog%ihp lementing
data when data is initial rea out’ o bu g
reqaivas datei with utferasl dagy in yopa!&rablryee:nmeocjmuartﬁ,s ¢fithe video decoder,
.encoder coding a.fra deo dat a
wiff SR el LR NP e tng bR, ¢ RERMAG: 10 a°F RuRt At isoleted packer

lods) afiee spdtemSEABiSn Znp Spradarasntissivh adtef fhﬂldﬁl@@lmi/fr@n@me rate at
wi Il ook |ike, this estimated franme being terned

wiich thgglientis Ryffer isaprtyieo fatase |W9n%@"\ﬂaetarm@w%§émﬁer@ filling it.
a series of frames may be greatly reduced. However,
if the first frane to be read fromeither of the data
Thsugdflisdspezson il 'aspracistef‘mmm Rbilityt tretransmsit datavaf variasde rates for

d be un| i.gi,bl e a t he, decod
a BpreE o7 ifle B T nbe Frrotiid s BlA i U B1e38e i BESFY T gp-triencly
tratandissidhe Detadtiooh ofesistaihet f‘rﬁck@t\/ﬁ@% IByNtheapaciet Néss detector 31 is

buf f er of data is supplied in {)aral lel with the data
ingjgativer g7 Petwork efi9esden nglheobelfsr Branpoer aReal. thenddeo streamer 2

re£6t5 §b nfoflﬁeﬁlctrpopﬁacktef RIS Byt |F\§L‘F|uét?ngr £3chJckisid tﬂﬁe trapsmlssmn rate

frame buffer and thus gi'ves the "decoder a reliab

_ ofp!@rtmfronf thenhighi itrate dgtachuffatetd diThg hidbabikrate ddtebuffer 24 should

%ﬂ)g ggﬁ%gpﬁggd tgact%g r\?/m\g%l\%clﬂﬁé%rev]gbpgnl(fjlqﬁgeetbyogg egesrsmts at the

reGlidedlatrangmisio. rateheorqllaabert yhadf tHehigighi tﬁi&ﬁntd&&ﬁa iffer can sustain,
fluctyate rapidly as netvvor k condi t| ons vary,

whi ch
then dhRHLTer MBRaGHR 4111 S kY T SUPPINEdGREreh the low bit-rate data
bd?f’err% VefteStiiA h‘ltaﬁaﬁmérheprﬁﬁﬁ'o% arhrhetcggsé?yQ@%ré\fen@"f‘%@tswnchmg

| oss beln rep orted the client, the system can
beswpemeiata Llf§EF$ e?c$ue@d| ﬂsasrtansdﬁtgscxacmcrtmcg thehnetwrkdfluctuates,

be%a[??é tl{h?s&mllt%elu%eacﬂahgg%m ‘hE“e pg \[V%er@%m& oﬁ‘ r{ﬁe\éé %ge?]it !aack video.

t data t he

Whmmluamelvwl atfotezatet boev ekt platvsac(t t rdpdd phasgéed dn tquality can be
transm ssion rate is |ower than the encoding
'"ftﬁ'i"ég QA¢SEhe client is supplementing received data

THYrE s Refiker eftfaddnbdl BréRbdE® dBREStrédRs @%’fﬁﬂgys b8prb¥ifled to the

vi deo decoder, 5 with the result-that the client's
viged pueamsr. erh@wmﬁg\. bardwigih aisationr mayobaeelieped Keys: starting by

reading data from a low bit-rate data buffer, the transmission rate is increased.
Finding that no packets are lost at this transmission rate, the output is switched to a
higher bit-rate data buffer, whereupon the transmission rate is increased. If this
transmission rate encounters no obstacle then a higher still bit-rate data buffer can be
switched in, and so on until the maximum bandwidth is employed.

The buffer manager 25 located at the video streamer 2 is enabled to decide how to
adjust the transmission rate Ts and when to switch buffers.  Equally, instructions
may be sent from the client 3 to the video streamer 2 about transmission rate Ts and

which buffer to feed data from. The location of the buffer manager 25 in the
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| o0ss, the system can again ranp up the transm ssion

rate, initially slowwng the rate at which the

client's buffer is enptying before eventually

returning to a state of filling it. The skilled person

will appreciate that the ability to transmt data at

variable rates for 10 a period of tinme enables the

streamed data to be elastic ahd allows TCP-friendly

transm ssion. Detection of sustained packet |oss by
erhibhsipantetesaibed dat deeorchdien dechlgl it aé pretiodl toediatkthe control

conggstion.hThe buf f er mana er,§5 ?t he,vi?eo ) L
ceptrecineg T the G8RYS Wb fesPeasiPlsnfosehasaing for tesepyjce, which in
thish&dseyskh&gsp.a reduction in the transm ssion rate of

data fromthe high bit-rate data buffer 24. The high
Thei exgraple efavidepdetais chpssinoed @n lexapwlemdmogtimedial gata to illustrate

[ t Ld h . even | 0SS, .
i B0 I aRelts. | THY Aol B el ARG 36 ¥ Fipy g of time-
sehbiive tdaga hswgih & tudiatetadat a nhulfimeticpresentatioh.n, then
t he buffer manager, 2 i1l switch to supply data from
inyTie FHRPBIIET ot ouaeh Sbpue Brter SEPIPIECt Bv&hmgeweﬂt Equally,
cAMh LR §idRbRIANE GRRBBE YeldOinPh GBRIN dfaRtodraubtilRg, for example a
bet ween data buffers 23 and 24 as the data capacity of

librery afdfeaptrr fimacwhighavay e assessasewhigngequitdd. cause

C S | hye | ] t he played C .
TGRS sl PIELE T bl Bhe AtgBEr N s Hhat the video
stpdamydvaZ kand e dneddendeard BoAnedted Wig ahe HRterndtl i ttaibilikgly that the
to auser. There is no limt tqQ the nunber of encoded
vigieq StreRmeh AsWPHIG PERRPIBRI NG EN JREMY PeIce\irgwger (ISP) and remote

cotHnkBAGRIof IHRXUidHe R i hinkt hdciRl | DNWEBM Bfow the ISP to make
achi eved thus: starting by 25 reading data froma | ow

~ cdnitentraaiiablgtty thefolient frememenvyespddsrbon rate is

i ncreased. Finding that no packets are lost at this
transm ssion rate, the output is switched to a higher
bit-rate data buffer, whereupon the transm ssion rate
is increased. If this transm ssion rate encounters no
obstacle then a higher still bit-rate data buffer can
be switched in, and so on until the maxi mum bandw dth
is enployed. 30 The buffer manager 25 | ocated at the
video streaner 2 is enabled to decide how to adjust
the transm ssion rate Ts and when to switch buffers. '
Equal |y, instructions may be sent fromthe client 3
to the video streanmer 2 about transm ssion rate Ts and
whi ch buffer to feed data from The |ocation of the
buf fer manager 25 in the 10 enbodi nments descri bed has
been chosen because it is practical to situate the
control centre close to the centre which is
responsi ble for charging for the service, which in
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this case is the I SP. The exanple of video data is
chosen as an exanple of nultinedia data to illustrate
5 the above enbodi nents. The invention is equally
suited to any other formof tine sensitive data, such
as audio data or a nmultinmedia presentation. In the
enbodi nent descri bed above, data is supplied by the
encoder 1. Equally, conpressttd video data may be held
inalibrary of programdata files, for exanple a
CUAlbtsary of feature filnms, which may be accessed when
requi red. 10 The video streaner 2 nmay be renote from
t he encoder 1, such that the video streamer. 2 and
1.the eNGRE®LdlA -t | i | isi
kel e g o Y EE he ol LEF epparars cqperising 2
regirtime tdata sendeyy A wal-Bmevdaterdi§piSP esive amimd @ store and a network

' i deq. 2 _and der 1,
cof AR ek o 8 B 3ol SRt e svos of
client frommany encoders. 15 11 CLAIMS 1. A nethod of

operating a real -tinme conmuni cation apparatus
OPELIYS; sﬂa?Pg sendepafe (tr3psrfht & BbwRliy | figstrangpdingrretedtaga packets

i Vi & i ] r K.. . . .
refHeSEH Yy REVir&e phAVENG Fesd W@_p@g%ngap%‘ﬁgegﬁlgeqls%a Jflevice, said

connecting said sender and said

‘tramsttiesdon tatprieiiiohercthanasid eficodiperatei ng sai d sender

totransnmt a plurality first-encoding-rate data

packets representing a first part of a real-tine
oppraimgndaid displdyod@ddedtadi spl ay device, said

transm ssion rate being higher than said encodi ng

rate; 10 operating said display device to: receive
re@eélshiihie BREAMAIGNE Bt FRIGHORRKSLE LBt sai d store;

15 renove first-encoding-rate data packets from said

store at said first encoding rate for decoding to

ST Bl ERTR RO LB B o s o

devbdihg saipledént shicerrabtinagpresérration & 8idaiseF @Hg¥REIERAGT quality;
| evel, sending an indication that said | evel has been
reached to said sender; 20 operating said sender, on

on' &i®iskbreBeifgifled NEHIF 8hiiOftst-ERcFYlrate data to a predetermined level,
second- encodi ng-rate

sending an indication that said level has been reached to said sender;

operating said sender, on receipt of said indication, to send second-encoding-rate
data packets representing subsequent parts of said real-time presentation to said

display device, said second encoding rate being higher than said first encoding rate;
operating said display device to:

receive second-encoding-rate data packets representing a subsequent part of real-
time presentation into said store;

remove second-encoding-rate data packets from said store at said second encodihg
rate for decoding to present said real-time presentation to said user at a second level

of quality higher than said first level of quality.



10

15

20

25

30

dat a packets representing subsequent parts of said
real -tine presentation to said display device, said
second encodi ng rate being higher than said first
encodi ng rate; 25 operating said display device to:
recei ve second-encodi ng-rate data packets representing
a subsequent part of real- tine presentation into said
store; 30 renobve second- encodlﬁg rate data packets
fromsaid store at said second encoding rate for
2decodifnpetindrefeprenentswi time-sahsitiverdata asbodrattiueting @ buffer of time-
. nd |l evel of quality higher than
o5ty 3fte, HiaToPRER MmaRe. 12 2. A method of
pr esenédedng itiffe-Sa3Riveidata;dat a and constructing a
buf fer of ti sensi tive data, said nethod conpr|3|ng

recei % tiersensitive daie ntoradatiarkytées and,

time- g .
LT 00l 0 S e 0 B g
pr esenresentng tfamﬂme q@nelsleatdlatag the time-sensitive

dat a; d ac ised in that the

rate %\?\% ﬁ gh{}? q'kaé %F'i' e cfi.?? is read_ out of

t he dahe rbuef éterNhrcen tHeOYiRe-dengitive datb ak read oM ¥NtHe&ata buffer is
tinme-sensitive data is read into the data buffer; and,

lovpery \928th reRtWiigb semtimerspastibie laguis wrdinte thetdata buffer; and,
buf f eteddingd "r.‘l'\é ‘tlﬁ{eegenb £8 dde Jutd ﬁ\%”é%t% YA Anftialetf when the
uffer, at ere .is

arrives at the data such
timebsansitivealaty firet ardebayt tet deterbuffee, stitethatfthest is substantially no

SR IE SLEFRLEREA NS bRl D555 B tro e

Ve a ava
saﬁiﬂwdﬁ)ﬂ‘a Waﬁsﬁétfbn’lg'ekén’fﬁtl&enSItlve data at a client
according to claim2, including the step of,

monitoring the quantity of tinme-sensitive data in the

sdata DUffeRhod o¥RRIsBhiing gﬁ'lebéetnsrﬂ@teedaqg attrbeclfe%Qeéc\égt%u}g to claim 2,

time-sensitive data 1's dependent on uant
ingduding the bepddt a buffer. 20 4. A met hod of pr esentl ng

%gfe?r?&sr{otr h§h83landl & dhd-SM iR G iN9nE Qufl BLALS
‘wherein the bit-rate of the received time-sensitive data is dependent on the

quantity of data in the data buffer.

4. A method of presénting time-sensitive data at a client according to claim 3,
wherein,

time-sensitive data encoded at a first bit-rate is received until the quantity of
data in the data buffer reaches an upper threshold, -whereupon time-sensitive data
encoded at a second bit-rate is received, wherein said first bit-rate is lower than the

second bit-rate.

5. A method of presenting time-sensitive data at a client according to claim 4,
wherein,

time-sensitive data encoded at the second bit-rate is received until the
quantity of data in the data buffer reaches a lower threshold, whereupon time-

sensitive data encoded at the first bit-rate is received.
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tinme-sensitive data encoded at a first bit-rate is
received until the quantity of data in the data
buf fer reaches an upper threshold, .whereupon
tinme-sensitive data 25 encoded at a second bit-rate
IS received, wherein said first bit-rate is |ower than
the second bit-rate. nghhod of presenting
time-sensitive data at a client according to claim4,
wherein, 30 time-sensitive data encoded at the second
6. bi t - PalEethesl PEBEseRINGHMersansitivecdptatatta cligntcrecarding to any one
s a | ower threshold, whereupon
Of%$ﬁggéé§353$$€% ?gﬁgncoded at the first bit-rate is
r ecettiveedatel8t Gvhigh e hiimeakngities afita ng teadeinsendetdate buffer is

data at a,client accordin a ne of the
dof bl PRE HERREY eI e e B at “wni h t he
tinme-sensitive data is read into the data buffer is
dependent on the quantity of data in the data buffer.
7.5 7. Anmgthasoef Rrpvidingytiatierrgnsitive datmtd eiolientdaviereio a
clieg k iV ded at a
pl ur aht%}ﬁgtwe %a{g%&%\?ﬁgﬁe ﬁ”%ﬁ\gotﬁ‘ég “at one of
the prhereihi dataoéndoidedratt eseicf ted putrelikyf of bit-rates is selected for
ransm SS|§' ﬁo the client; 10 transmtting the data
traf‘f‘)misﬁ@’nco GtC®8Y A net hod of providing tinme-sensitive
dat atﬂaﬁsﬁnt_ﬁhﬁ@ﬂé da&C@ teWieh® claim 7, wherein, the
rate at which tine-sensitive data sel ected for
transm ssion to the client is 15 transrritted to the
client Jay, NAG .
8. pr OV?\dI ng clpﬁé(aslenm ??EE/A(%X Xﬁg,{,\?éj date) Fo n{“,%tng%%gg{ﬁjmr?gto claim 7,
wHerpeio) aim 7, wherein, the tine-sensit ive data encoded

at one of the lur.ali of bjt-rates sel ect ed

" adie e at el i sebelivedipte paied fo Tensisirs Solpe client i
traﬁlﬁ:@)‘i‘tltﬂ:lsftgt% ¢TRNS A1y Bd a@wadﬁbalwarﬁdcl ient according to

claim erein,

9. A method of providing time-sensitive data to a client, according to claim 7,

wherein,

the time-sensitive data encoded at one of the plurality of bit-rates is selected

in dependence upon a received signal.

10. A method of providing time-sensitive data to a client according to claim 8,

wherein,
the rate at which the time-sensitive data selected for transmission is

transmitted is dependent upon a received signal.

11. A method of providing time-sensitive data to a client according to claims 9 or

10, wherein,

the received signal is representative of the condition of the.link to the client.

12. A method of providing time-sensitive data to a client according to claims 9 or

10, wherein,



10

16

20

25

30

the rate at which the tine-sensitive data selected for
transmssion is 25 transmtted i s dependent upon a
received signal. 11. A nmethod of providing
tinme-sensitive data to a client according to clains 9
or 10, wherein, the received signal is representative
of the condition of the. Iini4to the client. 30 12. A
nmet hod of providing tine-sensritive data to a client
according to. clainms 9 or 10, wherein, 14 the
r ecetheetecsivgaasional is esnresasyiativg ob the appetityueindatayin gf data buffer
atgﬁgamhg.a data buffer at the client. 13. A nethod of
providing time-sensitive data to a client according to
claim1l, 5 wherein, the condition of the link to the

client is determned by the quantity of data in .a .
13qa; aApmem &f PraYaTLY e esnelvebsiattaon ffhdsrage oaim 11,
wHerdlB-sensitive data to a client in accordance with any

10 one of the preceding clainms, wherein the . )

ti metheependitior ofisbalintefn Buetlient s detsrained by thengyantity of data in
a a‘?&’BSﬁ@PEt?‘I‘édél%ng.at a. 15. Apparatus for receiving

[

ne-sensitive data, said apparatus conprising,
buffer neans for storing received tine-sensitive data

for eriod of ti 15 nmeans for reading, said .
14, re ABRUGY GbPERNdIRY l-Ta G T BN Thaksrudange with any
onk AGhE Bréceithd ¢8RN < &ReSIEiaNthe dRtb @ sBnMitied ds@l @phdsbhRIvideo data or
means, nonitoring neans. for nonitoring the quantity
mayf regeasgnhavdioidetahe buffer neans; and neans for
transmtting data relating to the. quantity of tine
dependent data 20 held in said buffer neans, said
1Bapparatpasatbe iforgrechisingctireeissesitive datetsaitezpparétols comprising,
initiatjng reading the tinme-sensitiye data.out of fhe.
dat o PHIET B1o4AAART PRENEORTSEH R SeaRL VA SEeatd § pgiod oFtme,
arri vadangffol remRtisLaad tinvesdhttiveddath it cdtecb Uitdr frigans,
such that there is substantially no delay between the

cl i emeansrfer reasing %i%gimméenqnﬁegséﬁ@ PytRf spid Bubipiomenrs:
ti ne'rﬁ&ﬂ’?drﬁ'\'gvrﬁeans_for monitoring the quantity of data held in the buffer
means; and
means for transmitting data relating to the quantity of time dependent data
held in said buffer means,
said apparatus being characterised in that means for initiating reading the
time-sensitive data out of the data buffer when the monitoring means detects the
arrival of time-sensitive data at the data buffer, such that theré is substantially no
delay between the client first receiving the time-sensitive data and the time-sensitive

data being read out of the buffer.

16. Apparatus for supplying encoded video data to at least one client, said
apparatus comprising,
receiving means to receive a plurality of data streams, wherein each of the
plurality of data streams comprises video data encoded from the same source with -
differing quantisation parameters,
. a plurality of buffer means for storing each stream of encoded video data for

a period of time,
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25 data being read out of the buffer. 16. Apparatus

for supplying encoded video data to at | east one

client, said apparatus conprising, receiving nmeans to

receive a plurality of data streanms, wherein each of

the 30 plurality of data streans conprises video data

encoded fromthe sane source wth differing

guanti sati on paranmeters, . a g:urality of buffer neans

for storing each stream of encoded video data for a

per i Fdeast engrieading meansiertreadiagrengadervidea sats trom one of the

' video data fromone of the plurality

plu{)a?ﬁghfggﬁ@ﬁeﬂ%%g,s, buf f er managenent neans arranged to

cont buwfifert managerheatsineameamraagidi corare the &t least one reading

characterised in that, said reading neans is arranged
MRSy ead, under control of the buffer managenent
chdiBatefseceiCaded video data fromany of the buffer neans

at a franme rate which may be | ess than, equal to or

gr eatad resding NMeRns i aEanged tateaghLogder ¢antrof jofighe bleffer
mal SaReRons sroeed R fidh 4Ry P e BRHrENERER st & frame
raté mdlichdimay, bertesathémrequett vt prpatiattham ehafrang fate dthehich the
.dqu%nféty of & coded video data in the buffer of the
VIGge 981 'S Y898 neans for deternining the current

.. capacity of the link to the client, wherein the

buf fer managenment nmeans is arranged to control the
17+ eadPRB2ratiesafey SUPPlyippRAted \deq Hetadgameliany agfclaimed in claim
166?&9%‘3%% video data in the buffer of the client and on
the capacity of the link to the client. 20
means for receiving data relating to the quantity of encoded video data in the

buffer of the client, and
means for determining the current capacity of the link to the client,
wherein the buffer management means is arranged to control the reading
means in dependence on the quantity of encoded video data in the buffer of the

client and on the capacity of the link to the client.



