1 Transmitting and Receiving Real-Time Data The invention is in the field
of handling of time-sensitive data over packet switched networks, and
more particularly transmitting and receiving video data over the Internet.
The invention relates to a method of providing a streaming video service
to a client across a packet network whilst reducing the start-up delay
usually associated with preparing a buffer of data while maintaining the
use of a buffer, The invention also relates to a method of controlling the

transmission rate qfrg?\%rﬁ{ﬁﬂg‘m Videgin ga%(?}_gq{éigl}gagﬁtion in the

network. Traditionally the Internet has supported traffic such as FTP,
e-mail and web-surfing, where the overall delay does not intrinsically

Thaekaskfiamdhe final muesentationQf shaimediandineaduentokiasieket switched
neE\'r%ocessmg multimedia PC's has driven the delivery of multimedia,

fibfingPiitieB! oG e P IECHifshh et 2 PR LRASRVE dSpREANBNYIdfowedEr over the

Int@getre continuous, quality of service guaranteed, high bandwidth data
channeJ(s Whi%hteis eeminet_;th/C1 t odds with the packet-based nature of the
ntia

T ioMss & RS S SRR it TRt Si& R @ client
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Internet” and has the po{ré
acparsket jittere . e etiveorkavidiion iedinenaténarivat-timeklof packats eassadted with
preP2¥RNaDIS FELNBO A FhRDYRARIMN ALARLIYTR1E BIRY Orhe gvention aiso

congestion. Currently, commercial streaming technologies overcome Jlﬁer
relgieedisBUEHhGCR |8fg e BETAING-HE Seeofris) Perforatstaftitig totptagbagkvideo to
ad¥jdle® matgHathcRhis glartut derlay is non-optimal for a user, who may

have to wait for this period, before realising that the content requested is _
Trnidenady dht GERSIE Het RS TitshT thE asits bRAdENCE Brathand web-surfing,
whBtdtithe diae e srmatiote Anconding de alfirstaspactebiheprasenbresentation of

invention there is provided a method of operating a real-time .
iR S A S S SH B SR R G GRS Hiheivery
of dataltispiéy, devitelingvinglecstoreeantha nietwonktconnéotmgesaid senaarications
no@h AL displax sigvies,aid nainog compesing the Stene i pPeaiifian dere

said sender to transmit a plurality first-encoding-rate data pacﬁets

chegprisentltighal firsepainelyadeardme hresentasoketobsasieddiuplay ddvibe, Internet
anddids YROPDHSSION ratgibeinghighialsbhisnssAife0RdING AR 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;
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2 operating said display device to: receive said first-encoding-rate data

packets into said store; 5 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, 10

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

oPERING KA BRATY Y fifst%ncoding rate; 15 operating said display

device to: receive second-encoding-rate data packets representing a

s.ubsegé@nt art of real- at%gngagresecr?{e tion intg said store; 20 remove
rece¥&ont-encodingrate data packets from said atore at said second

encoding rate for decoding to present said real-time presentation to said
et AL 2RER0MENEL abauplin igheythansald drst leyal @LaualyuiRg rate for

According to another aspect of the present invention there is provided a
dequditio toop presE ATy ARTEIse BN R Rt R WilritsRhAt R dhstigughgfavality:

buffer of time-sensitive data, said method comprising receiving

time-sensitive data which has been transmitted to said client, passing. 4 level
on gaidl fiREesBRASIAVY G A Bl ER AN T@nﬁ%ﬁnbotﬁeD&??aeﬁﬁfﬂ}qW evel
serfimegrsensitive datacirnthaidata dufterpreadiegosait timeidG aefzendent 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
op@hthe dediribskferds lowerteint the sate atdidrththddirrrdensitive garpiEng-rate
a=233800 e data ulfer, A (R imaseeapilug AR inread QULALHNR o said

when it 3 arrives in the data buffer, such that there is

 displaystaviiesly st icdlay eanertinaé Siett @ NGRS thaie-Setisire dagarte’

and making the time-sensitive data available; and,

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 encoding
rate for decoding to present said real-time presentation to said user at a second fevel

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 compﬁsing 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
depéndent 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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presenting the time-sensitive data. 5 There will come a point when the

data buffer becomes sufficiently full. The rate of transmission can then be

reduced to equal the rate of consumption by the viewing means which will

bring the quantity of data in the buffer to an equilibrium. However, in this

situation the bandwidth of the connection may not be employed to full

capacity. 10 In a further aspect of the pfesent invention there is provided a

method of presenting time-sensitive data at a client, wherein,
arfiies-SenBRrive @b épcoded Ahat firsr pitsragdsigndedived datiabetween the client
re PER/FRIEHBIRRH NI ObEata-flls tha ARiaiuier WBRERHRPRata available; and,

time-sensitive data encoded at a second bit-rate is received, wherein said
PregRR & e fsKiEY tfifiahe first bit-rate, 15 A still further aspect of

the present invention provides a method of providing time- sensitive data
Thto aclientis tgught,. Whe[‘ein time-sensitive cﬁga encoded at a first bit- rate

18 a0 SRS frdt Rt Bliet & KHs? WARSRASSIBAT At ts BB HYahdmittdg rate of
trqdos thie thentaanthempba reduest, timersengitve tat encedethaiba sgcondviewing

lt-rate.is.re e t ffer af,a second rate. 20 It is.

I e e A R A g romever
intéhisaABHAtigata b dzasevdth ehigherdsitratdionviden data benwespbeteer to full
capdality. reproduction. However, loss of data in the network causes severe

degradation of service - far outstripping the benefits of increased bit-rate.
In (B FERAFR AP SGtP D ENSraERe R0k BYAIHEP BANGRES SieKi S ZSthpd of presenting
tirMPRGsitaceving holf ofiab0NHDER, YIHROSHE@TLI S AKEBA GE R IR bit-rate
. worse gquality. than all of a 250 kbits" stream. |t is therefore important to
's IE5SEEtanLHhigs 6%’%’5%5‘1‘??‘8%%%87]88%&’2 ??é?héﬁh%ﬁ faiing {es pehereupon
tirfast to ¢itéy netaarknFhdethteraatepooid ¢ol- eGP hascaibed!-inreosvtrdd aid second bit-

ra@%rg@ | emtwg?%g%m? Q‘E"-’iﬁ ttransmission rate is steadily increased until

packetloss 30 is detected, W%gr'eupon the data rate is reduced. The data
A 1 gHid & thieer ingPeased thiganiasatit packetidossnwadesrs, Mevbadllé providing time-

seHansmigsiansatecissaid 1o e elastic andiApRlications which are ahleta i et pit-

control the transmission rate of data in response to network conditions

ratgrdSsHiado IR E PR iRy DH T ish Y (BTeTRGE e Wasalia aransmitted 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.

It is desirable to use as much of the available béndwidth 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
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 contro!
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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a TCP-friendly way so that the as much of the bandwidth available at any
particular time is utilised. A further benefit of TCP-friendly data delivery is
that congestion in the network is managed as individual applications
themselves reduce data rates until each has a fair share of the
bandwidth. 5 Standard compression technologies, such as MPEG4 or
H.263 can be managed to exhibit TCP+riendly behaviour, see for
example the applicant's co-pending patent application number GB
a 96Pg093YY Ty SalitishtiHoreverchegliies BanghishberyatiilicatesnP @articular

tirRenyidagsreams krapseeding an eaeoded dota streanmnfima high Pl gestion in
rate to a low bit-rate when network congestion is detected also suffers

thé o RS 6 JREBREALF B BIALY b RRRIHIAN SIER EIRSIG S ARBHsgrdata rates until
eadpPIaash 4% tehusedayrsingrefwiidro streams, whereby quality adaption is

achieyed by adding or dropping layers of t ideo stream. The
Stari‘sdzfa%acn?g}/ eor f%%s [ Hog lsg a%liI ?éﬁ?epﬁ%ggﬁa%raHge?t%iﬁaﬁ’rdﬁofﬂﬁﬂaged to
exbftheT@railabtel lyabeheadtiv mussteb éoallecateddotinstrgcticas for dategrating patent
r o ' tion further provides a method wherein.
R B S R A TRF TS & Mianspecd,
defisiféers faypbe \diprniically varies s diependancs e o the tcomuiticood digh bit-
rafinkdoathe cligntr AR JHEREl LiMerSeBalNG IR s e&&%@@éjdagﬁéi@&ﬁgfgaﬁom the

is read from a first data buffer at a first transmission rate to be transmitted
Prebite efidtRiner Chme SR damBAtstied BPH secoRIE dfetis 28 layering of

videad fresma, seeertbdataabtiffes at woseicanrhraledin deprmdenseithandhayers of
condition of a Iinléri? tféesc%ent, wherein said first bit-rate is lower than the

thEe¥8RA SIFAIR: ErMBodiRerRE 8Pt intehtids Wirniiw Baads it it as a
cewaiy girexaniple ohlyhavithaiteherermel toidhe figuses, avhitsea i Hgurattustions for
| ryiew of the relationship between encoder, video streamer
aggé%ﬁgn?ggl%\g%ré 2 shows the arrangement of the video streamer; .
THRiURS S1sHEXRMIRS afraihgerpent df v Tlidsthadd Witriednd girowasehat which time-

seRERVISEPPRIRUN §10NS-SMRIAIME L Of The REESRNIBYEIAN X ATy varied in

shown in Figure 1, a first embodiment of the Fresent El\é%n%on consists of .
190k Btitogedimap tuthive data

endbad®@Wthitfirst 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
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:

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 may have a value of for éxamm@ 500 kbits™', and a high_bit-rate Ru, of
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rate RL, which may have a value of for example 500 kbits-1, and a high

bit-rate R+, of 5 for example 1500 kbits". The compression codec used is

H.263 but equally may be any other coded, such as MPEG4. Encoder 1

takes 'live’ video data as its input, for instance a broadcast of a sporting

event, The two encoded data streams are transmitted via separate logical

connections to the 5 video streamer Zat a transmission rate TE. The

video streamer 2 may be on the same premises as the encoder 1 and
forlieked pia BROOtkbMEt. . Thewickwosteaomec deunsseon & $eR268 compatetly may be
anfo&!ﬁ@%@e&”@u%ﬂ”%@%%? eEQ\tJ:ltS@eul 17Q9k|¥g_|4i’v§5\ﬁ%% %@‘M éﬁér]il&hinput, for

as access to the Internet. A video viewer, hitherto referred to as the

insgHeeg, aUiTARIF 8%t @ PCspeBiaeayY#Figure 10 1) suitably configured to

ThBavR agresslP dbe InieHRE, MYr&%?ﬂ@%éMQ%é’ﬂ%‘?&e%@%eéo% Y 4hes to the
Internet and thus the client is able to access content. A suitable PC

VideRri&Riaes Z68IMHY PERUBHPN IEHtopiPCl The iRR 6 KHRAHeR 2 0ah e on the
saSidppRitasdarge temhirbatelienrisd(hrieallyispato HORGkvieWng the-sagm@amer 2

stream. For a live broadcast, the ?ncoder 1 will transmit at 8 transmiﬁi}%w Mz
U8R RIS iSRS i, PREHTS APt s BL S HD doded’ '
2 catuifaravit biticatés oHfere shifferémd ¢uialibgideo reproduction, but each

data str has.the s issian , TE. atadpust I
S e SR B T TIE SRR BER o oo
1) showbthe anfirerhant Mhcaories $aetindn2eeiv dqualitF eneetletp the video
stiidag;, 20 data enceded ata Iowdikeate &Rk anddnioh alialitysepsodad A suitable

video data encoded at a high bit-rate RH from the encoder 2 is received
PCatat@ifihiit BorfBAoR ST 4R BIoRedpEtively anif T Hifers 28 aRyProT @
lardé resRestivelyidhehaylidaenotet thabthere sy avisledrone toedfar per
cha_nneLan ?code%video gat thaﬁ its recei\{ed by the video streta er %}l his
Via86 0ataTs"REd But fom Sach butter 25 24\id 48 Swifch 26
reavhiicle seleetswhitheemsodiedavidBo atet Rsteedrdistdilie senit ia-thesowiiat
.connection 27..There i ided ich is feai
L et 2 Ak A 2 ot oty Saa o b o ogs Sy mssir
ratg4 Bnd THudalefinestthe eegnsinissicihicafetTof the videwmstreaniay pathén real-
sinhyffer manager is also in connection with the switch 26 and is further

capable of receiving signals from . ) .
Figure 2 shows the arrangement of the video streamer 2. Low quality encoded video

‘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. [t 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 §Witch 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 [ess 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 > Te is the size of the buffer 23, 24 such that
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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 > Ts is the size of the buffer 23, 24 such that 6 a buffer of size S kbits

will be able to sustain a transmission rage of Ts= 2TE for twice as long as

a buffer of size S/2 kbits. Through the control of both switch 26 and the
a traffsmigssire ratkblisstvg! budfebimanagetds ablednsoarnsioh tl‘mdo&tfraiezwhdo‘br twice
aé%o%%lét ff’&!?‘ﬂf&*?%%’ Q?é) éﬁ%ﬂ%r ZT%no ?1 %F\ael%%n?y rad\;%stm %ch 26 and the

transmission rate Ts fine 5 control of the bit-rate i AC |eve8 év b
trapsceiaig hEtire En it RWdce ncateetdiaabitrearnsndmi de diar bie r\arteshF{L output
#r SRR £aniroh ek the: bitrate,Qnsa £oarse %mmaym@%mws%w Pe Ts fine

buffer manager 25 makes adjustments to Ts or switches the output

CHBiReRn BERIS ISRy SDRY RYCERRIngRRE stnERgib 28ncoded data

stFéth’@ chsbaws ineiamasgement ¢iiberelient runping-AAadRG 38aReCs8life may -
10 enc ec‘]w eo data tha sent from the video streamer 2 is

berea((:zell\%/ GGt thecnent vid "2 eﬁnect%ﬁkﬁ A THRLRE Pof COIEMs e
oty @ packetdogsiffersctore3bobe tdatgis!thercsartintona @hem&w‘fEQSZ

ich,i ize.s I b fluc |ons in network
Fi lﬁ:}ég o I;ﬂ&%%ﬁé%;&%&%ﬁ?eﬁ%dg él;cggtlfl fo'a decoder 33 an a om herg[C The
ergecsded Shalriséhe s e tlidpray sl av idroclivat sue s IS qeigt s rowm client via

a AdlientSiatysy maARital34ds ¢8F‘%%?&%%%949&P%@E%Q%?QS&%&&”@H The

client buffer 32. The client status monitor 34 is able to send signals via

d&t8niedfiSA ZENFhERackst f5Ys %‘é&@ét&%l"‘fﬁt’frﬁt&s%c@rﬁiﬁ@ paisRels 19 absorb
ﬂmqkabI%maﬁete@nedhib@@h@@tgnath@ SRt theclent StadHs dpRRitafectly to a

4, which is inf rms ﬁer 2 anager at the video streamer 2 via
- deccé)r?reléc%%n Pﬂﬁlssmﬁrﬁaﬁ?&g %1 %ﬁgﬂgﬁﬁtfé (ﬁfﬁ%’b@(ﬁfg Hh&rfaigar sereen

(n25 steadily ifcrdmsesthe: sransmitissidn rateise ot memwms{&tpat&m@fztor 31
=RRGEHIOSS RguSS INdieaiRgpatibe, maxmp, PAPIWGILS Py signais via
Work, Hhe

utilised. In the interest of maintaining acongestlon freé ne
cararsHiSskih rate Ts may then be exponentially reduced. The client status

THS FHREOT A4 rmonitess e IO (3l ﬂa)%&l'@cet byf c%%t%%'@ Betected
a signal is sent via connection 28 to the bu er manager 25 at the video
thgﬁe%rﬁ@pgiwﬁéfm to the client status monitor 34, which is informs the buffer

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
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
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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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 of7the invention will now be
described with reference to Figure 4. 7 The video streamer 2 is
TItAY SdStY%@ﬁQJ”ZQ'sV‘?r%'%'ﬁQ gt,h‘v?vgl% oIS, AR i %h%@%%"&%""% with a
rom the encoder 1 . For a live broadcast, data'is constan y fedintg thé
quRIEYs A3 3 Arednisebseetirintly ficarltiedtafied eastamiotanisofdisi@ntly fed into
thdefines-by 3he siza pidhehudipeangd the qualingAEARDEINGIREENE dRfined by

A PC running browser software to browse web pages on the Internet may

theesFecrf i sl antkths frERaniplataiRiabreati¥adt on a site hosted

Apcthenemiiynpsoviding rsivaamedviden Beingdpteyesteskitvigndngthebe used to
eEarticul.a cl(if ?r broadc?st, the userﬁlicksé?seelects) the link. The . o

SRR SBhtviare BRRAEs it SHERRER\Hod Gt A B el ovidng

sterwhledintties. tHeelriddoteiewtien) iolidntsoftwer e wrhich 2 o dies el ddst, the user
client 3. The cli is "send data" command via connection 28 to

o e e B S o L R oeve s

baeoniatieeiRchrOGEUdatR Difev B andereingestis at saftsvaissiohicatewbTdies the

ciiRRTE- The dataistiansmitted .1 the: data, coRASEURn 27, Andifienee fome butfer

the client 3. Using the exam%Ie encodigﬁ% bit-rate cited above of 500 kbits"
MISIERE", Fatd bwsIAtS M RBRBe tefectIRosiet Vidsa fate dferogbe low bitrate

dddaitsitrdhelient @ eeeivesthapncodad yides data and sendsdtMasth@nsmitted
packet loss detector ]7to the client buffer 32 which is supplied at the rate
tOZ‘?bf. ¢ %

PR AMS LYo tBR A HE BUREP 3 P RE eRcod@ Uitidd fikmRle encoding

~ bipremptiyereatiout t6 GROdesodeio8Rat aaateioof sT bt d herefere thie foutfer client at

fil e J& while the decoded data from the 20 decoder 33 is
@ %é%lngygg.%%sl t%e' user is provided with video pictures without having to
Theatlifnt tRe etRiMed tiffe e BooreflViThe dlienemdorsitels 3t asefortiiet loss detector

3 filyantly QfRLslatain the sliensuuiiend? 4o {#@F&%az-?@?q}\ﬁﬁgri%‘é% MRPRected in

which a "switch buffer" command is sent to the buffer
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
decoder 33 is displayed. Thus the uéer 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

4,

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
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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manager 26 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 = T. Using the example encoding rate cited above, data is

transmitted on the network at 1 500 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 RH data will begin to be read 30
ThipntgdRe SEeBder 3LNRIRRAIOA R fift [sercelve nalincrONY infarb client is

IHIQQIVL%IQQQHW d%ﬁélt?é pedatothe ;Sbﬁﬁt Bhaga fbﬂhh“g@;]@%me\k'ﬁ@r;eﬁpon, after
watc INg Images or a it is consistent wijth the capamtyo the
e DR B THE IOt St cama? BART S CRIBIE ALMRE of R ficemer 2 is

suﬁymmjlym@mhnﬁmm cligmt i oimitialy ghueitiea UMqueheackadtqpeintdort can be

ama star%eucp\R/ %setpl/%herleur&oné %ﬂgﬂt Qéjllhbl’lurﬂ ofOI |ent ?uffer 3% ve to be
een reac and ﬁﬂe video strea is supplylng ngP\ Blt raY ata

- deﬂgwﬁm@b@f@f@wme&@a@@wmum@@an@e@ma@mm@@muthratherreasmg the

e IBNLEad-Qu PQINISREAM:OLEAAINts may have to be devolved as

discrepancies in network capacity demand increasing or decreasing the

Theatidls 6 PatevBraR praRiR AR 8idhe Pve Rikmate sEiSoRuliRragprelepae be of 2

sizbat then oy bitrsatesdata byler 23 smwd be ok aesize: which yall@llewtime which
data to be read from.it at a rate 2TE 8:r|od of time which 10 is lon

iR B TR GPURO O For
ex@XaIp|e; iorosdes toutifed Srcaizds wrantl 065001kt data at: the: alieant: 3, the

wci%?tsse%v'deo rea efZWU% R %OJ(}%étstf Qas%acfé’éc% %g]‘g%bsoo which

FVRICH™ will by the decoder 33 per secoi
wikbits Mhb‘wﬂi@@f&mtﬂﬁa dbgﬁ@errpéﬁswombgndl snsebORdk s widgsad. up in the

| buﬂbt?fs@@e%%%@!tsr e gaie hulferlrdmust bealle %Q%@ﬁ&#??a% data buffer

5Mbits of data (5xI000kbits), or just over 0.5Mb. The skilled person will
mugpbecahie tAdttideré grst &mémgfaééﬁcﬁéeéboww'fabp%guﬁﬁt@var 0.5Mb.

Tr%r%ﬂb@f@&@@Haﬂuma@pm@@t@ﬂ&wt@%yéqadmmf ashutfRkedN@ith ‘tapping
compression techn gytyplcal employed bﬁ/the encoder 1 involved

Nt g GRImE" SMVEE ik tif8d Eh e B FANESF st rine Bnide™  The
cdromethin frambranogstiysite RO ds magedasy tohwkaictite nexinframedvatidogka frame

ol ISR AT 57, B2 DB e
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
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 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.

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 detrimerital 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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greatly reduced. However, if the first frame to be read from either of the
data buffers 23, 24 is e 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
1-frames. The first frame to be transmitted is read from the I-frame buffer
and }hus ives the decoder a reliable point from which to start decoding.
not A is'thah NIRRT BATERRH M Eihel Of the OHLtS bafetisss, B3RS data
buffdieel systeme aditans. userEitadlly visleer strearpingkdteldbhe quaditypeiihfe that the
tra Vidi%gi glr%)ers tneokf u%tluat% Q%p%?; as neéwork conditionilvar , which can | )
RS S Ui tahtsl BHetiBh Hie BVerdiNdedtivet quility Dt TnadRPIfnenting
recethedederat ofipabkéteessdaeing reptutad by dherclieftntheisysteimecaneo decoder,
... exponentially reduce its transmission rate. This need,9 not result.in an
V\”thlrr%?'r?r(?er |zsa‘flle%s%/ﬁvﬁ%cﬁlﬁ1% %%etwesvi%dléﬁesroﬁrgé? B [t%%'re?nmqahf be’data’ L‘Jsffgerié%d packet
loss athhesghita ramaghiatelnafterthieepaeketlassoinisapaskibiielthatidmneng the rate at
'F?‘Hﬁ!"&!"'r is | odin . lient i o
Whliupplerﬁgﬁ?ﬁg%ﬁgéi%ggﬁ ém%ﬂv%ﬁegﬂf%e%ggégf ang%}e?r%§ rlﬁoeget %ﬁ(tee of filling It
demands of the video decoder, 5 with the result that the client's buffer is

The STIRLANG- LB A8V OfiisQlated Rackel;9S], e RYSHERLEAR AGAINFAMB:es for

up the transmission rate, initially slowing the rate at which the client's ‘
2 pPYifteis EMpemrPIssione evertmmy AtaniAgs £'seiie ermlinbowy sThEP-friendly
tran SHIIRSbRErIo Vet dPRFESIAIRINE ha.RbIliy© Bansmibdaia alo@rabigctor 31 is

rates for 10 a period of time enables the streamed data to be elastic and

indicaiyFsof CEHHRAHIG R FRIAR sioM DRt IoM B 8d&tfafie dhABREYIRRR Bfeamer 2
reactile paeckEtdessdetaniokdlidssindicaityeefneiweducanaastign thehyliabn rate

5 at the vid 2 to notificati f ket |
o O R ToBEA IR T heclt 8" eh HEFAARARU Wi shoui

be duprapeiataia Buféer 24 cohe high bit:cateadasadntdferi2dsbioedddss heersists at the

appropriately sized to cope with such an event. If packet |oss persists at )
redu R e e S Al et 98 BT e epustain
thercanestistdar, nizendhbe Duffeilramagertdsswitbsyvitthidof supphhedtanfroinrate data

i W bit-rat r f ive_ management protocols are . L
b R, R RS R H gl gyvitohing
betwisertatateapaidrisok thanbtdbredlidbuatets capacity of the network fluctuates,

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
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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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 byfter, the transmission rate is
increased. Finding that no packets are lost at this transmission rate, the

erm@UhNIdS Evlehamh o 3 Bigher hifsate daladauiier, WheEruRaN S uate the control
transmission rate is II’]CI’G%SECI If this transmission rate encounters no

cerypRElaRA RN ARSI St RGBSR R B Pl S8 go Which in
thi®rasatilghaanadmum bandwidth is employed. 30 The buffer manager 25

located tth geo tr%eamer2|s enabled to decide how Q aéus thet llustrat
Th?ré:ﬁgm@s%% e°fs aan?i RHEI0 TS SRR o EfRTP q%aﬂgl, jrr%‘t? GigRE to Mustrate
thdrtaipbe smﬂtcﬁmmenheclléheBWmedemaUemmeuxieabthﬂ‘armhasgmm of time-

((}av'el;sdand wh| h buff Eotoda gdogata from The Iocaélrgtntof the buffer

Serhswana ertfs i th embo men?sraescrlgeda}‘fJ een chosen because
In itHs mattm&ht@rsfltdawmh@ctmb,céﬁm closenplidk benthe whichlis 1. Equally,
Corrnepsf%ggg \?Ii%r Cg]gtrgl%yolgéh?eﬁ?rwcaehm!'@5@ p&%\%@ﬁedé ﬁé?%oﬂ&ample a

exam Video data Is'chosen as an example of multime ta't
llbnuusnétf@asqrﬁafdbweﬂémhd@mebnsam@éandewmm issaguiegly suited to any
TheNEIJrB AL dime- sepsitve dalansuchiasaudio dalagee mMUliBediaa: the video

presentation. In the embodiment described above, data is supplled by the
strepmsAc? BTELiAf/SrERRirdsSERl GRIAPERRA iiaythe helerieh nb?a?yl@fﬁ*v that the

vidvogram Aatafiles farexapwieay lyraryatdaaturedilims pRIGAEPALPLand remote
accessed when required. 10 The video streamer 2 may.be remote from

copg vl 1heUtAIRATREDRIS 2B ANEPBeiny KBItGdaM thig ISP to make
coRgimeasiadre the tndesnett irisdikehnthahdagevigleo streamer 2 would be
operated by an Internet Service Provider (ISP) and remote connection of
the video streamer 2 and encoder 1, would allow the ISP to make content
available to the client from many encoders. 151 MCSLLP



11 CLAIMS 1. A method of operating a communication apparatus

comprising a data sender, a data presentation device having a store, and

a network connecting said data sender and said data presentation device iCSLLP
said method comprising the steps of operating said data sender to

transmit a first plurality of data packetg encoded at a first encoding rate to
said data presentation device, wherein said first plurality of data packets

are transmitted at a transmission rate higher than said first encoding rate:
operating said data presentation device to: receive said first plurality of
clatgackets into said store; remove data packets from said store at said

first encoding rate for decoding to present to a user at a first level of

quality, wherein the removing of data packets from said store is initiated
when darefiackeffiestting\e @msaidistoie; aprsadustacenbeigdidethwitender,
Sshalairpaniisn e Riedelaineddry L P RGAR UGN B daa
data sender that said predetermined level has been reached; opergtlng
APaaNd SAfERTB RGNS SRy IR AR Bt trsREIRRtsing dbeistePs of:
pluralitpefaiiag wad ketia esadder aaasecartinoding satR{e saiddathcoded
é?rgﬁ%i,télﬂggﬂiqs\fﬁ%’ t‘é"%%(& 2 gse%qggoglug”% of Hg%,? agllée{%sgrﬁurality of
transmitted at & transmission rate substantially eqUeW t0 said secon

BiR AR IaRreaHansRiiem alariiraeeBirRpencEimishes ibangheidifiest eardding
rtitst encoding rate; operating said data presentation device to: receive

said second. plurality of data packets into said store; remove data packets
from s%% ra?(s)a‘}) Sa?'égcltg% <on a}ear‘ﬁggd‘?ﬁél?gt Pfor decoding to present to

said user at desgivhadis\Vdsbpiyality ofdrsectaciith istcoaid ke, of quality

is higher thansaislérakiavehaldsatin 2 Briediod prerrpting 4aiR Mte for

a data presentation device, said data presentation device having a store,
said nfSFSUNHIRMMERRTHR QeeR! 8 2dEshVRIE bekavabyibsrain the removing
presenfatiata devicet s frome adicn g tesedisl atdiatta setdrsidnea packets first arrive at

said store;
on said store being filled with said data packets to a predetermined
level, sending an indication to said data sender that said predetermined level
has been reached;
operating said data sender, on receipt of said indication, to transmit a second |
plurality of data packets encoded at a second encoding rate to said data presentation
device, wherein said second plurality of data packets are transmitted at a
transmission rate substantially equal to said second encoding rate; and wherein said
second encoding rate is higher than said first encoding rate;
operating said data presentation device to:
receive said second plurality of data packets into said store;
remove data packets from said store at said second encoding rate for
decoding to present to said user at a second level of quality, wherein said

second level of quality is higher than said first level of quality.

2. A method of presenting data on a data presentation device, said data
presentation device having a store, said method comprising the steps of:
receiving data at said data presentation device and reading said data into said store
at a read-in rate;

reading said data out of said store at a read-out rate for presentation;



at a read-in rate; reading said data out of said store at a read-out rate for
presentation; MCSLLP 12 presenting the data; wherein the reading of

data out of said store is initiated when data is first read into said store; MCSLLP
and wherein said read-in rate is greater than said read-out rate. 3. A

method of presenting data according 1@ claim 2, further comprising

monitoring the quantity of data in said store; wherein the rate at which said
received data is encoded is dependent on the quantity of data in said

store. 4. A method of presenting data according to claim 3, wherein data

encod&gétr@n%rﬁeemdmg rate is received until the quantity of data in
said store reaches a predetermined threshold, where on d
BB BRI AT PLCGL T S 1R bHEGhIAG FEcge o
siivsiotbanrshithsesiorsdié meadiimny aédes @.r@ateaetﬂhmdaafq)reammgaﬂata
according to claim 4, wherein data encoded at said second encoding rate
is received until the quant v%?of data in said store reaches a

3predefermpBadnhrisREAaSIINEretfiBn A YRSt 5 Baitt flf‘éftEﬁEo%‘?Hﬁ’”S‘”g
8t d%inke Geivgek rtity\dheake th alajt @eml n@héaifm dloeoatingf totacty sdid received

FATABERIE080 Jead ala A fomerien e auaniy o

ata In sala store Apparatus for pres ntlng ata to a user, said
apparatus comprlsmg storage means arranged In operatlon to store

4receiVﬁdr@ﬁ@kﬂ@ﬁﬁr&éﬂﬁﬁ@ﬂﬁﬁ@&@@ﬁhiﬁgx@ecf&ﬂﬂrBthf%aditsaiﬁtéiét&hﬁléd at a
id sto e means at a. read-i e rea t eans arran

f‘B%e?QﬁS g reaaa SiFdE % Lfnq\fsém 8 orag rr?\ecgartls a a r%zgt%ﬁ {gtaec hes ‘a

paedetorpriesentisazhaldiatbeseusen WatssneasiatedcrotRpRARNReding rate is

rBLERANGE G AL ANRIAIAMAQ EPRE BRI SR Qoo BRIl s§IQERAS ARG AWRE Fute.

data is first read into said storage means; and wherein said read-in rate is
greater than said read-out rate. 8. Apparatus according to claim 7, further
&omprﬁsim@nmmMrﬁm@smeiagsdamamgeoﬂing)tmecaﬂmn%ovmemtomte encoded at

SN0 O dAR FHYG N SALSINRAIRNER Guantity of data in said store reaches
a predetermined threshold, whereupon data encoded at said first encoding rate is

received.

6. A method of presenting data according to any of claims 2 to 5, wherein said

read-in rate is dependent on the quantity of data in said store.

7. Apparatus for presenting data to a user, said apparatus comprising:

storage means arranged in operation to store received data;

read-in means arranged in operation to read said data into said storage
means at a read-in rate;

read-out means arranged in operation to read said data out of said storage
means at a read-out rate and to present said data to a user;
wherein said read-out means is arranged in operation to read said data out of said
storage means when data is first read into said storage means; and wherein said

read-in rate is greater than said read-out rate.

8. Apparatus according to claim 7, further comprising monitoring means
arranged in operation to monitor the quantity of data stored in said storage means,

and wherein said read-out means is further arranged in operation to read said data



and wherein said read-out means is further arranged in operation to read
said data MCSLLP i3 out of said storage means and present said data to
said user when said monitoring means detects reception of data in said
storage means. 9. Apparatus for supplying encoded data to a client, said
apparatus comprising: receiving means arranged in operation to receive a
plurality of data streams, wherein each of the plurality of data streams
comprises data encoded from the same source but at different encoding
rates; a plurality of storage means arranged in operation to store each
stream of encoded data for a period of time; control means arranged in.. .

ol 5 316, PRI IR R OP LA ISP GO PREARET SR dghtorne

mesapphjetsttodeckplida td dafa ioligwit istoegemtete on the quantity of
encoded data stored in storage means of said client. 10. A method of
supplying encoded data to a client, said method comprising the steps of:

9. recei&%ﬁ@aéaﬁféﬁé’lﬁtw&’é‘fﬂ gfrecrind ga@nt%ﬁrﬁkﬁfgirﬁf'&ﬁﬁ%@&@e@%@ﬁ?mg:
the segwvseUrebstaAtdlifedent qreadimgtoatessissoaimiusality piticality sofeams,

WSS PESATE IR PLALGAS MEANRLADEL SHRPUIRGRRCAORA A Ame
t0 said client from one of said plurality of storage means in dependence
sapiicth & F ATy renberReRfBINdAEStored in storage means of said client.

a plurality of storage means arranged in operation to store each stream of

MCSLLP

encoded data for a period of time;
control means arranged in operation to control which of said plurality of
storage means is used to supply encoded data to said client in dependence on the

quantity of encoded data stored in storage means of said client.

10. A method of supplying encoded data to a client, said method comprising the
steps of:

receiving a plurality of data streams each comprising data encoded from the
same source but at different encoding rates;

storing said plurality of data streams in a plurality of storage means; and

supplying encoded data to said client from one of said plurality of storage
means in dependence on the quantity of encoded data stored in storage means of

said client.



