WD 02/ 45372 PCT/ GB01/ 05246 Transmtting and Receiving Real -Tinme Data The
invention is in the field of handling of tine-sensitive data over packet
swi t ched ypebMei-ks, and nmore particularly transmitting an%crrﬁﬁﬁﬁ)ﬂgﬂg_ vi deo
data over the Internet. The invention relates to a nethod of providing a
stream ng video service to a client across a packet network whil st
reducing the start-up delay usually associated wwth preparing a buffer of
data while maintaining the use of a buffer. The invention also relates to
a method of controlling _the transm ssion rate of the stream ng video to
adapt to congestion in tTFRNsAdttiRgrand Recghiing Baglt TipetlPatal nt er net has
supported traffic such as FTP, e-mail and web-surfing, where the overall
del ay does not intrinsically detract fromthe final presentation of the
medi a. Thiee &rdeatibn ¢ irf dst Beldpfdeesing@f mnhd-seresitivee RfasovVeapadketvamitehed
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hi gh bangidth data channels, which is seemngly at odds with the
packet - based nature of the Internet and has the potential to disrupt
transm sEN®HYERTiPR relatasciopd amrthos ¢ lpseVidingtaptreaming Yifeo seryigeatio dKlI#MH t he
inter-argi th K C i ahl i ; ;
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st r eam ngrepbéndadidipres datevdoleenpintdising e ceasifraubtfiferg ahé angetibuffser
(5-30 seconds) befor starting. to,pl ayback .vi deo terial. This. start-up
del ay | SRS 8RtT MAThPS T FULBRNOE THRNALYE TE6 RAIES FUPETHIN VIgaP: Bd.
bef ore rg@ddtabnr@nhbaiontingne eeteerk. requested is incorrect; and generally
detracts_fromthe users experience of the nmultinmedia presentation,
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than said encoding rate; ,
channels, which is seemingly at odds with the packet-based nature of the Internet
and has the potential to disrupt transmissions with unacceptable packet jitter, i.e. the
variation in the inter-arrival times of packets caused by variable routing and
changeability of delivery rates owing to congestion. Currently, commercial streaming
technologies overcome jitter by constructing a large buffer (5-30 seconds) 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 multimedia

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;



WO 02/ 45372 PCT/ GB01/ 05246 2 operating said display device to: receive
said first-encoding-rate data packets into said store; 5 renove

first-ency gogg sate data packets fromsaid store at said fpichiige§ @gﬁ@ing
rate for eco |ng to present said real-tinme presentation to said user at a
first level of quality; on said store being filled with said
first-encoding-rate data to a predeternm ned |evel, 10 sending an

i ndication that said | evel has been reaéhed to said sender; operating said
sender, on receipt of said indication, to send second-encoding-rate data
packets representi ng subsequent parts of said real-tinme presentation to

sai d d'SQ%&%UQ?%%@%ﬂqﬁ%yge&@&?&d encodi ng rate being higher than said

first enco 0 eratlng said display device to: receive
second- encodlng rate data packets representing a subsequent part of real -
time presentation énto sai.d store; 20 renpve second-encodi ng-rate data

packet s fFasfiveaay disgiercoding5atg dé’é%Bﬂ?:l(eéﬁ%?hsﬁ'G S e for decoding to

present; said real -time presentation to said user at a second | evel of
quality higher than said first level of quality. 25 According to anot her
aspect of renhevepfirst-encodingreaie idate packess frompsaid istheel ag saist firstierdoding @éeiri ng

t
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which has been transnmitted to said client, passing sald time- sensitive

data to a data buff nifori t quant ty of ti sens data
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that the rate at which the tinme-sensitive data is read out of the data

buffer is lower than the rate at which the tine-sensitive data is passed to
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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;
15

operating said display device to:

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

20
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.

25 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

30 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



arrives in the data buffer, such that there is substantially no del ay
between the client receiving the tinme-sensitive data and naking the
ti me-sensypigyBsfHat a avail able; and, presenting the tinme-$eRddoiSagata. 5
There will conme a point when the data buffer becones suff?ci entOFy full. The
rate of transm ssion can then be reduced to equal the rate of consunption

by the viewing neans which will bring the quantity of data in the buffer
to an equilibrium However, in this si Buation the bandwi dth of the
connection may not be enployed to full capacity. 10 In a further aspect of
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t he data prebéting thleeiraengonsitite d®tasensi tive data encoded at a second
bit-rate is received, wherein said second bit- rate is higher than the
first bit-rate. 15 A still further aspect of the present invention provides
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time-sensitive data encoded at a first bit- rate is read froma first data
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because with a higher bit-rate of video data cones better quality
repr oduct FF ™ Yowever, | oss of data in the network causes severe
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bit-rate. For exanple, with 25 predictive coding schenes such as H. 263 and
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important 'to reduce transmssion rate in a controlled way, rather an

| etti ng damnha-seasitios idateitdieledeattvansdcond ivit-rard Brraedived, oibeeln SEP sbemdabit-
built-in contral chapi sm whereby the data transm ssion rate is steadily
i ncr eased AHiS *F'gﬁ%fcr%éf‘ tF%Z%St -fale-det ect ed, whereupon the data rate is

reduced, Ah&idaker akBedtSof RNpleBEFERTEA 0BV IetPGE kEhrd\dgifg tBRECUT S.
A variable transm ssion rate is said to be elastic and applications which

are abl e $enséibyietdadp te lweclienhissiaughl orheraingime-senaitive datpeansoned at g first bit-
rate is read from a first data buffer at a first transmission rate to be transmitted to
the client; and, upon request, time-sensitive data encoded at a second bit-rate is read
from a second data buffer at a second rate.
20
It is desirable to use as much of the available bandwidth of a link as possible to
transmit data because with a higher bit-rate of video data comes better 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
25 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 protocoi TCP has a built-in control
mechanism whereby the data transmission rate is steadily increased until packet loss
30 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



network conditions are said to be TCP-friendly. It is desirable to provide
video data in WD 02/45372 PCT/ B01/05246 4 a TCP-friendly way so that the

as much o‘f‘,oto?ﬁsggndvm dth available at any particular timcg:giijolisged. A
[ th

further benefit of TCP-friendly data delivery is that congestion In e
network is managed as individual applications thenselves reduce data rates
until each has a fair share of the bandwi dth. 5 Standard conpression

t echnol ogi es, such as MPEX or H.263 caff be managed to exhibit
TCP-friendly behaviour, see for exanple the applicant's co-pendi ng patent
appl i cat i @ GiufirieadlyGBa@ $28028tHE asThiushgy| the ikand widiveamailable e iiny exartacular
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data encoded at a first bit-rate is read froma firs%r?ﬁiataft%ufffer at a
first traifdhitest S rRitEtPoVheR NEFYRASHFRTGETHIPD % HitRqtpR Aise gyiters from the
ti Me- SNShloblkn BRbRINGNAHEHaRnMy LRERAiINGL LARGHSr hSpréfch RAQ Jgeqa*ain@e&pnd
data buffer at a second rate, in dependence upon the condition o a link
to the clvidee strahmseivheselydaddlity edaption igtaghieyed dweaddingor drappies vers of

bit-rate. tquU;gggi%Pe%%s. 0'T'het Ia%alfj\?é/rﬁﬁéé ?)[F tWisl l‘ne%’ l?se_tr(}l%SﬁEg blﬁgf‘fic%}(nt,v@él aOf
exanpl e only, "Wt reference 1o i gures, ere. 25 Figure I's"a
schemat i ccarva \preportibnt dfethechadilablestharpwWiethnveest decatbentedvidestsictiessmésr and
clients; Figure 2 shows the arrangenent of the video streaner; Figure 3

shows Fhe'”é?gfrﬁ?fb%%lﬁyffﬁ'a client; and Figure 4 shows the stepwise
oper alisoNTRé Pesne TRACHBRANfurer [JI8VIBES SEMHetHJY OHer&R - the rate at which time-

sensitive data is read out from first and second buffers may be dynamically varied in
dependence upon the condition of a link to the client, and further, time-sensitive data
encoded at a first bit-rate is read from a first data buffer at a first transmission rate to
be transmitted to the client; or, time-sensitive data encoded at a second bit-rate is
20 read from a second data buffer at a second rate, in dependence upon the condition of

a link to the client, wherein said first bit-rate is lower than the second bit-rate.

Embodiments of the invention will now be described, by way of example only, with
reference to the figures, where:
25 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.
30
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 Ry, of



30 As shown in Figure 1, a first enbodi nent of the present invention
consists of a source of conpressed video data, encoder 1, which encodes
data bot hygty,asd,9w bit- rate RL, which may have a val ue ofpfiRigignayg! € 500
kbits 1, and a high bit-rate RH, of WO 02/45372 PCT/ GB01/ 05246 5 for
exanpl e 1500 kbits 1. The conpression codec used is H 263 but equally may
be any other codec, such as MPEG4. Encqoder 1 takes 'live' video data as
its input, for instance a broadcast of %a sporting event. The two encoded
data streans are transmitted via separate | ogical connections to the 5

vi deo st risaresampleaf 5Q0 kb S i Thsi comnresséorTeoderhesedi iddb26Bradearally may bse on

the Sa”eaer} §Me? §3488 4 SNFREEN. 15&%‘391 H”ééﬁ% M@ Hdel 'Ha"taaQ§5ts.irJ1£Lﬁ, Yddeo
st r eaner runs ‘on & server conputer, Tor 1nStance one conprising a
Pent i um |ihbtan0® aNkipadcasd @B dgéMinghevedmthas access to the Internet. A video

viewer, hitherto referred to as the client, running on. a PC'mga.bhc etc in
Figure 16M&§Wegneased dagrviegliseie fenpaitechwa serarate fogisal panuiehtions pipe
connects t@qENQtLARP 2 St ILBEREMBsivharatd1qe.! MR Bigho aRkkahitd 64 ioBNthel S
able to access content. A suitable PC termnal is a 266 MHz Pentium ||
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The two s2BEE@HABSRAN Waich Has auedsdRid tedatkradt. di fferent bit-rates offer

different quality video reproduction, but. each data stream has_ the_sane
{ranant sshaiiied whwer Tatheritbreselien (A8 1B BBLINBNT IO AFC Pt 6 ol TRYS

program t ) BliddbIPAIhfiglrdde®d halik Rcedd 8/1tBe AnENANS hiE Rhhadtgmems vafeot he
video streanmer 2. Low quality encoded video 20 data encoded at a | ow

bi t-rate Freamel hivishtheulaterngt and guisdthei cliept ke da@saess eantant. higwiteble-rat e
RH fromt } I bR ]

Fespect | var yORRRARE 258 AIFE ety 1Bl EP She BB EELARE ZEafBoit o)) o
t hat t herlarge surpbevofddidntongyhivéifyeup ped O0bhanierelinmthecsernelettearndeo dat a t hat

2 1 0E VES Dl Boagthio S REt By GASRICL LRk LB R o
dat a gt eB)-tidet OTHRENGE BErehifis R /aRHRPARd Ru coded at different bit-rates offer
different quality video reproduction, but each data stream has the same transmission
rate, Te. The data must be decoded at this rate for the program to play back in real-
time.
Figure 2 shows the arrangement of the video streamer 2. Low quality encoded video
20 data encoded at a low bit-rate R. and high quality encoded video data encoded at a
high bit-rate Ru 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
25 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
30 connection 28. Ts is 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



connection 27. There is provided a buffer manager 25 which is capabl e of
controlling the rate at which data is read out fromeach of the buffers 23,
24 and t\ysdef-hnes the transmission rate Ts of the Vide?cﬁkﬁﬁﬁﬂ§h62- The
buffer manager 1s also in connection with the switch 26 and 1s further
capabl e of receiving signals from 30 connection 28. Ts is selected by
varying the tine delay between the trangm ssion of each packet, such that
Ts may be | ess than, equal to or greatep than the encoder transni ssion
rate TE. Those skilled in the art will realise that the limting factor on
the sustabrEBi Pl sige & khitsakidlHesalil® ko awsipe artrassmpissipy reteeofsiszu2 Gffor heicguf f er
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achi eved, and by switching between the two encoded data streans encoded at

bi t - r at esstRarahanrdedarithitoatest R and Bi eantea! of dhe hitcaier yea seanse saalp mae

achi eved. l;[,eT Q&wi@%&{. e*rhérﬂﬂﬁgﬁﬁmaﬁgf%%&aﬂgé H@'PMrﬁs 4@ Tg% Qvirehbd gles the
out put between buffers I'n response to signals receive frdm connecti on 28.
Fi gure 3 eltpus bttvecer bEfhaye ire rdspofisd tvesighale n¢ceivaanirorg comnact@ 38, b, c etc.
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a packet &wdcdlidt @dta3dat i§RENt HakAtheS/iddestrseidr 3 Rtrac@ved heie diehf 6la 32
which is of a size suitable to absorb fluctuations in network throughput.

The cliem cpoReation327iandcefingled der epmpletanpst Hyaa paeksidess detegird Ir-omhheher e
decoded d@?%tg fsstﬁe%”Ee.’itOHHS :S“&Qh%%‘r’rgﬁ:soé F/ﬁggllx'ignéf %%i?ee%giltébl@“&t aggﬁmﬁa]%a A

client status nonitor 34 Is connecte packet | oss detector
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connection 28. e ket | oss detector .31 nitors jinconi ackets. |If
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connection 28. M ssing packets can be retransmtted. The buffer manager 25

steadi | y #mtcéartleduffae 32 ank sleminstadse napitor 34 is able to send signals via

connection 28.
The packet loss detector 31 monitors incoming packets. If packet loss is detected
then a signal is sent to the client status monitor 34, which is informs the buffer
20 manager at the video streamer 2 via connection 28. Missing packets can be
retransmitted. The buffer manager 25 steadily increases the transmission rate Ts
until a consistent pattern of packet loss occurs, indicating that the maximum
bandwidth is being utilised. In the interest of maintaining a congestion free network,
the transmission rate Ts may then be exponentially reduced. The client status
25 monitor 34 monitors the volume of data in the client buffer 32 such that a 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
30 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.



until a consistent pattern of packet |oss occurs, indicating that the

maxi mum bandwi dth is being utilised. In the interest of maintaining a
congesti ogofphagspet work, the transmission rate Ts nmay theprR8s01/05246
exponentially reduced. The client status 25 nonitor 34 monitors the vol ume
of data in the client buffer 32 such that a signal is sent via connection
28 to the buffer manager 25 at the videg streaner 2 when the client buffer
32 becones sufficiently full of data. The system of video streaner 2 and
client 3 as described above all ows user-friendl video streamng, i.e. the
client bufheyrid® syeamerse tiﬁéﬂiﬁ@lb?lem whirh irtyelves ddiing thepbuffes Faspt twith a
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data is transmtte ata connection rent 3.
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| oss det egtse of Jbdookpike . cl i ent buffer 32 which is supplied at the rate

2TE. When_data is detected in
The client 3 receives the encoded video data and sends it via the packet loss detector

31 to the client buffer 32 which is supplied at the rate 2Te. When data is detected in
the buffer 32 the encoded video data is promptly read out to the decoder 33 at a rate
of Te. Therefore the buffer 32 fills at a rate Te while the decoded data from the
20 decoder 33 is displayed. Thus the user is provided with video pictures without
having to wait for the client buffer 32 to fill.
The client monitor 34 waits for the quantity of R data in the client buffer 32 to reach
a specified level, 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
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 Rn data will begin to be read
30 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.



the buffer 32 the encoded video data is pronptly read out to the decoder 33
at arate of TE. Therefore the buffer 32 fills at a rate TE while the
decoded dgha,fisem the 20 decoder 33 is displayed. Thus thecya&ioijs:4gr Ovi ded
with video pictures without having to wait for the client buffer 32 to
fill. The client nonitor 34 waits for the quantity of RL data in the client
buffer 32 to reach a specified |evel, gpon which a "switch buffer” comand
is sent to the buffer manager 25 at th& video streamer 2 via the
connection 28. The buffer manager 25 25 then switches the flow of data from
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32 has been reached apd the video streanmer 2 is uppl ying high bit-rate
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di screpanci es i n network cafpam ty demand increasing or decreasi ng the
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of data. For exanple, ,in_order to buffer conds worth of 500 kbjts"1
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for 5 1secendsoe abR wHdi¢ apfeadhbMbits Wi ldatd &5-c00DuUBRS), BY jUsh@veleosips. 33 per
second and 500 kbits will build up in the buffer per second until 5

seconds h&Re ekilpd egrsomutile pppreciat thaswihere areapeobinms apsAdiaied with ‘tapping

into” a stream of encoded data when data is initially read out of a buffer. The

compression technology typically employed by the encoder 1 involved coding a frame

of video data, termed an anchor frame or an |-frame and from this frame an estimate

20 is made as to what the next frame will look like, this estimated frame being termed a

B-frame. In this way the quantity of data representing a series of frames may be

greatly reduced. However, if the first frame to be read from either of the data

buffers 23, 24 is a B-frame then the first few frames of decoded data may be

unintelligible as the decoder tries to reconstruct frames based on an estimate. In a

25 further embodiment of the invention, an extra buffer of data is supplied in parallel

with the data buffers 23, 24 consisting solely of |-frames. The first frame to be

transmitted is read from the I-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.

30 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



15 nmust be able to hold at |east 5Miits of data (5x1000kbits), or just over
0.5My. The skilled person will appreciate that there are probl ens
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the client. Imrediately after the packet loss it is possible that the
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vari able rates for 10 a period of time enables the streamed data to be

el astic areduaed siResmépiar ratndpy longenikan 839 bigh ikraletdasn boffes gap AusEdn.
packet | Oﬁ%nb%et Q@ff&a%ﬂggéro§§ \Qfﬂt S tg’Jsubﬁly data from the low bit-rate data

buffer 23. Effective management protocols are necessary to prevent rapid switching
between data buffers 23 and 24 as the data capacity of the network fluctuates,

20 because this will cause changes in the perceived quality of the played back video.
While a user will tolerate low quality playback, rapid changes in quality can be
irritating to a user.
There is no limit to the number of encoded data streams that may be provided to the
video streamer. Maximum bandwidth utilisation may be achieved thus: starting by

25 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.

30 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



i ndi cative of network congestion. The buffer manager 25 at the video
streaner 2 reacts to notification of packet |loss by instructing a
reduct i onyi transm ssion rate of data fromthe highppi at a
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sized to cope with such an event. If packet |oss persists at the reduced
transm ssion rate for | onger than the hli h bit-rate data buffer can
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low bit-rate data buffer 23. Effective managenment protocols are necessary
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The exanpl e of vi qe@ 3attg iﬁ chosen as an ﬁxarrpl e of multinedia data to

i |1 ustrat @MBGHE'IREE BAGOU ENT M ECHFEnt i on is equal ly suited to any
ot her 1fsorm of tinme- sensitive data, such as audio data or a nultinedia
presentation. In the enbodi nent described above, data is supplied by the
encoder 1. Equally,



conpressed video data may be held in a library of programdata files, for
exanple a library of feature filnms, which nmay be accessed when required.
10 The vigQ8k3,¢aner 2 may be renote fromthe encoder 1, peyidholifdsdyst he
video streanmer 2 and the encoder 1 are connected via the Internet. It is
likely that the video streamer 2 would be operated by an Internet Service
Provider (1SP) and renpte connection of the video streaner 2 and encoder
1, would allow the ISP to make content!'lavailable to the client from many
encoders. 15 WD 02/ 45372 PCT/ GB01/05246 11 CLAIMS 1. A nethod of

oper at i ndelahIM&al -t i ne conmuni cati on apparatus conprising a real-tine data
sender, a real-tine data display device having a store and a network 5
connecting said sender and said display device, said nethod conprising the
steps of :1.oper & im¢ehsdi 6f sperdeng taordal-anentdmauplidatiahi dpparatus tcoeneizthgng- r at e
data packets, representing a first part of a real-tinme presentation to said
di spl ay d&sltime Cg’é? §end§Ta srﬁf“'é’%’?“érija?%lflé” i 9%)V1¢6 §RYRIthalPTe and aeHEWYﬁrEg
rate; 30 QPAE&iAd6aid dbAddH sl d dRYIaGRIVRe, 558 FhMPod Rbofhdrishglineneasd sg-rate
data packets 1nto said store; 15 renove first-encoding-rate data packets
fromsaid store at said first encoding rate for decoding to present said
real -tine ntatjo sal . kISt RS aid
St or e bei ST G Tian B Ara ik Ja iy P et M e palReedl

| evel , gepdisagtie a figdtc pait oof bhedal-tmiedpteseelatibastdeeid dspkigedetice,s anid
sender; 20 operatin aid sender, on receipt of said indication, to send
second-eﬁ%ﬁ%ﬁ@i'?%fage%&!ﬁgah'ﬁg%rkt@?gS?@p‘i’l@é’g i"At subsequent parts of said
real -gpme presentation to said display device, said second encoding rate
bei ng higher than said first encoding rate; 25 operating said display

devi ce t ®peraing said displydlavined®i ng-rat e dat a packets representing a
subsequent part of real- tinme presentation into said store;

receive said first-encoding-rate data packets into said store;

15 remove first-encoding-rate data packets from said store at said first encoding rate for

decoding to present said real-time presentation to said user at a first level of quality;

on said store being filled with said first-encoding-rate data to a predetermined level,
sending an indication that said level has been reached to said sender;

20
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

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

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

time presentation into said store;

30 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.



30 renpbve second-encodi ng-rate data packets fromsaid store at said second
encoding rate for decoding to present said real-tinme presentation to said

user at ayeesagd2l evel of quality higher than said first peexador@bagual ity.
WD 02/ 45372 PCT/ GB01/05246 12 2. A nethod of presenting tine-sensitive

data and constructing a buffer of tine- sensitive data, said nethod
conprising receiving tine-sensitive data%f reading said tine-sensitive data
into a data buffer; and, 5 reading saio1 i me-sensitive data out of the data

buffer for presentation; and, ~presenting the tinme-sensitive data; wherein
the netho# i s chareibedof Sersenting Hate-taneitivgdata endRP R HaiBgE PRI &idims ve

data is rgadiiRietd-ed, dNentdatcy BathpRdings |ower than the rate at which the

time-sensitive data 1s read into the data buffer; and, 10 reading the
ti me-sensitive r@aeiginguimefenditveldata; buffer is initiated when the

time-sensitive data first arrives t. f er, ;such that there is
substantially nrgadigglsgwsﬁrg ;,?,g@?{%}’%ggg 'lngong% ?argwf%réé@f’m ng the
tinme-sensitive @adiagaail timkisegsitine dbtan@ut fethsidaty buitat for pvedehedilon; tod,
presentation. 15 3. A nmethod of pr_esgnti ng tinme-sensitive data at a client
according to clRPAFYING thedim@sep ¥¥feddfep of , nonitoring the quantity of

time-sensitive gat@id thd MB1RALIR cRbfab&isedfietipitn the bit-rate of the
received tine-sensitive data is dependent on the guantl ty of data in the

data buffer. 20the. rate metwididh ghe gireesenditive drireisseaadi eutvef thet datat buffer isent
DoTOr ot okt Shall Metkars W e i fiPS8RAIS b i M FRE BRS Gl loufrel | 4rbf

bit-rate TS ved “un e quan tain at - buf fer Téaches
an upper t hr eshehdingwiher tupasniitive daansut o ehaabm b2Ferescotiadedvienstheond

bit-rate i.s receiived, wherein said first bjt-rate js |lower than th second
b1 -1 at 6. VB SRMEY BGHTD (1 PERR Ao ot bBHRG LG hSatHEras SHHBryuy o
accor di ngqdi9y ekal&rfthe client first receiving the time-sensitive data and making the time-

sensitive data available for presentation.

15 3. A method of presenting time-sensitive data at a client according to claim 2,
including the step of,
monitoring the quantity of time-sensitive data in the data buffer;
wherein the bit-rate of the received time-sensitive data is dependent on the
quantity of data in the data buffer.
20
4, A method of presenting 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
25 encoded at a second bit-rate is received, wherein said first bit-rate is lower than the

second bit-rate.

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

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

sensitive data encoded at the first bit-rate is received.



wherein, 30 tine-sensitive data encoded at the second bit-rate is received
until the quantity of data in the data buffer reaches a | ower threshold,
wher euporwo nes37sensi ti ve data encoded at the first bit-reCEGBI1/0RERI Ved.
WD 02/ 45372 PCT/ GB01/05246 13 6. A nethod of presenting tine-sensitive
data at a client according to any one of the preceding clains, wherein,
the rate- at which the tinme-sensitive q§ta is read into the data buffer is
dependent on the quantity of data in the data buffer. 5 7. A nethod of
providing tinme-sensitive data to a client, ﬁferein .tine-sensitive data is
encoded &' a plﬁjf'};ﬂth?‘ﬁlOgﬂor%‘?lef‘y?%lt“é%‘?'s‘?m&f"«?i A A IFOLFEECH IRV OPhe

pl ural it ytqhe BrdcetiflgeSaihts, $flep&hed for transmssion to the client; 10
transmtting the data to the client. 8 A nmethod of providing

ti me- sensi ti ve thatrate @t aviicheie Hmemensitye tdate|iaigpd  intores sigkp buHer gt e at
whi ch tinp-sensi.tive d . jssion to the client is 15
tranon  (ereraean e RlPeREb PGy thE oo

: he ¢ mcally varied. 9. A nethod of
provi déng tinme-sensitive data to a client, according to claim7, wherein,

the tine-sensitive data encoded at one of the plurality of. bit-rates is
Sol cot 0d 790 1 i HgESHIahBBViRieh e GRst B A2 Hhaltiote et hod of

provi di ng ti me-feasiddite dabas bRcsted dtanpluafiePbfbigates; cl aim 8, wherein,
the rate at which the tine-sensitive data selected for transmssion is 25
transmtted is vegenddata apesfed peoapveldtig ghuplity 10f) bit-rategeisherieced for

providin e [fdVve: data to a client according to clains 9 or 10,
mherein,qFﬁgﬂﬁgig?gigk%ﬁﬁﬁgl is representative of the condition of the,

l'ink 10 the cl itedrismitting the data to the client.

8. A method of providing time-sensitive data to a client according to claim 7,
wherein,
the rate at which time-sensitive data selected for transmission to the client is

15 transmitted to the client may be dynamically varied.

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

20 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

25 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.
30
12. A method of providing time-sensitive data to a client according to claims 9 or

10, wherein,



30 12. A nethod of providing tinme-sensitive data to a client according to
claims 9 or 10, wherein, WO 02/45372 PCT/ GB01/ 05246 14 the received
signal i woepss3entative of the quantity of data in a datRrCheBhESS24@t t he
client. 13. A nethod of providing tine-sensitive data to a client according
to claim1l, 5 wherein, the condition of the Iink to the client is

determ ned by the quantity of data in data buffer at the client. 14. A
nmet hod of providing tine-sensitive data to a client in accordance with any
10 one of the precedl clainms, wherein the tinme-sensitive.dat sents
vi deo data or et 18 eRTgsyptive TﬁtheAﬂb%[}tgi'LPg 37 n 8 Cgﬁt?/ﬁ’ﬁ&%

ti rre-sensejttthyghémjta sai d apparatus conprising, buffer nmeans for storing
received tine-sensitive data for a period of tinme, 15 neans for reading
said tinme-sensitive data into the buffer neans, neans for reading said tine

dependent, dat aTA ﬁ{etl%%éfgq)\}?&m ec‘fmeﬂ?fmﬁlve &QQ'tBOJHCFj&B.t %@&%IJQO{O smih hari ng

t he quant|ty o] Int means means ftoOr transmft| ng
dat a rel avhergint o the quantity of tinme dependent data 20 held in said
buf f er neans i ara u n terised. in t neans for_ . .

i ni tiating readﬁ%ﬁof‘ lon 9 ﬁ'é 5‘%‘?1%‘??'?% 'e&gfs defgEmiged Wgﬁﬁa‘{ugnﬁﬁ'f ?fggat\?\ﬁ%n t he
noni t or i ngqaeusred @t €6d slidnpe arrival of tinme-sensitive data at the data
buffer, such that there is substantially no delay between the client first
recei ving the tirre sensitive data and the tine-sensitive 25 data bei ng

read out of the hukfey of éﬁ; %?Jé&sft% RHPR Wi dheneRCadriafcdaR sl ahe

at | east one cI I ent, sal app ratus conprising, receiving means to rece| ve
a plunal idne m‘fthdairec@ﬁrrgealasns whiggreinrthe dioie-eénsithee d80 repraserits (vdeof dajatoa

streans conyri ses Vi dg.o é}l%ta encoded fromthe sane source with
may represent audio data.

15. Apparatus for receiving time-sensitive data, said apparatus comprising,
buffer means for storing received time-sensitive data for a period of time,
15 means for reading said time-sensitive data into the buffer means,
means for reading said time dependent data out of said buffer means,
monitoring means for monitoring the quantity of data held in the buffer
means; and
means for transmitting data relating to the quantity of time dependent data
20 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 there is substantially no
delay between the client first receiving the time-sensitive data and the time-sensitive

25 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
30 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,



differing quantisation paraneters, a plurality of buffer neans for storing
each stream of encoded video data for a period of tine, WO 02/45372
PCT/ GB0O1MBB263745 at | east one readi ng neans for readi ngPenGBdEe2¥6 deo
data fromone of the plurality of buffer means, buffer nanagenent neans
arranged to control the at |east one reading neans, 5 characterised in
that, said reading neans is arranged tq@gread, under control of the buffer
managenent neans, encoded video data from any of the buffer neans at a
frame rate whi 0 or Mertantmg%@mrMe
n

h may be | ess than, equal t r.

t whi chthe e dRaBt fap Sesl S mBRR i e “Pafiied UERE Tois MM P Rencoded
vi deo datpurbRryaof@dfeditmeédnse! ai med in claim 16, including, neans for
receiving data relating to the quantity of encoded video data in the
buf fer of the &Uffermanggamest Means arapdedetoesqntial flde fhisaguprerpedt@paci ty of
t he Iinkrﬁ&nkhe client, wherein the buffer managenent neans is arranged to
control the reading neans in dependence on the quantity of encoded video
data iB tcherdstérised iofthathe client and on the capacity of the link to the
client. 20 said reading means is arranged to read, under control of the buffer

management means, encoded video data from any of the buffer means at a frame

rate which may be less than, equal to or greater than the frame rate at which the

video data is encoded.

10
17. Apparatus for supplying encoded video data to a client as claimed in claim
16, including,
means for receiving data relating to the quantity of encoded video data in the
buffer of the client, and
16 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.
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