-1- Method and systemfor buffering streaned data Field of the Invention 5
The present invention relates generally to the stream ng of nedia over
packet - based networks. More specifically, the invention relates a
buffering mechanism for inproving playback of the streaned nedia from
packet delay variation due to encoding and packetisation. 10 Background of
the Invention In conversational packef-switched multinmedia systens, e.g.,
in | P-based video conferencing systens, different types of nedia are
normal ly carried in separate packets. Moreover, packets are typically
carried on top of a best-effort network 15 protocol that cannot guarantee a

const ant transmes®doamddeisaym fbutbuFpdes t heregdehayatgay vary from packet to
packet. Consequently, packets having the same presentation (playback)

ti me- st anrigmer i Inkenfiecel ved at the same tine, and the reception
interval of two packets may not be the same as their presentation interval
(in ternms of tinme). Thus, in order to maintain playback synchroni zation 20
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before ang, engdifd LY phBdiidaktf @ 25 decoding. Delay jitter buffering is
al so applied in's reaPn ng systems. Due to the fact that streaming is a

non- conversatl onal appl ication, the delay jitter buffer required may be
con3| conversational applications. Wen a 30
strea @ﬁ’:g@@lﬁﬁ% h@%?ﬁ% {°®®hed a connection to a server and requested a
mul ti rredl a streamto be downl oaded, the server begins to transmt the

desired ﬁ_' stream The player ty(fl cally does not start playing the stream
back i med] §P@ygjsational packet-swntche multlmedla systems, e.g., in IP-based video

conferencing systems, different types of media are normally carried in separate
packets. Moreover, packets are typically carried on top of a best-effort network
15 protocol that cannot guarantee a constant fransmission delay, but rather the
delay may vary from packet to packet. Consequently, packets having the same
presentation (playback) time-stamp may not be received at the same time, and
the reception interval of two packets may rot be the same as their presentation
interval (in terms of time}. Thus, in order to maintain playback synchronization
20 between different media types and to maintain the correct playback rate, a
multimedia terminal typically buffers received data for a short period (e.g. less
than half a second) in order to smooth out delay variation. Herein, this type of
buffer is referred to as a delay jitter buffer. In conversational packst-switched
multimedia systems buffering can take place before and / or after media data
25  decoding.

Delay jitter buffering is also applied in streaming systems. Due to the fact that
streaming is a non-conversational application, the delay jitter buffer required
may be considerably farger than in conversational applications. When a
30  streaming player has established a connection to a server and requested a

multimedia stream to be downloaded, the server begins to transmit the desired



but rather it buffers the incom ng data for a certain period, typically a
few seconds. Herein, this type of buffering is referred to as initial
buffering. Initial buffering provides the ability to snmooth out

transm ssion delay variations in a 5 manner simlar to that provided by
delay jitter buffering in conversational applications. In addition, it may
enabl e the use of link, transport, an@/-or application |ayer

retransm ssions of |ost protocol data units (PDUs). Buffering allows the
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25 conf er 8ifc UIegMAMeBhnsi deri ng the exanpl e of video data in nore
detail, different frames of a video sequence nmay be represented by very
different amounts of data. This results fromthe use of predictive
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cont alhedtransmitiedt fiemi thegeeives & fraryvhihl ®hér Rords, media packets can be
temporarily transmitted faster or slower than their playback rate, as long as the
receiver buffer does not overflow or underflow. The fluctuation in the data rate
may originate from two sources. The first source of fluctuation is due to the fact
that the compression efficiency achievable in some media types, such as video,
20 depends on the contents of the source data. Consequently, if a stable quality is
desired, the bit-rate of the resulting compressed bit-stream varies. Typically, a
stable audio-visual quality is subjectively more pleasing than a varying quality.
Thus, initial buffering enables a more pleasing audio-visual quality to be
achieved compared with a system without initial buffering, such as a video
25  conferencing system.

Considering the example of video data in more detail, different frames of a
video sequence may be represented by very different amounts of data. This
results from the use of predictive encoding technigues. Typically, video
30 encoding standards define at least two types of frame. The principal frame
types are INTRA or I-frames and INTER or P-frames. An INTRA frame is
encoded on the basis of information contained within the image itself, while a P-



-3- frame is encoded with reference to at | east one other franme, usually a
frame occurring earlier in the video sequence. Due to the significant
tenporal redundancy between successive franes of a digital video sequence,
it is possible to encode an INTER frame with a significantly smaller
anount of data 5 than that required to represent an INTRA frane. Thus,

| NTRA franes are used conparatively-Bnafrequently in an encoded vi deo
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consecutive frames changes so much that predictive coding does not provide
15 effective data reduction. Thus, a typical encoded video stream generally starts
with an INTRA coded frame and comprises a sequence of INTER frames
interspersed with occasional INTRA frames, the amount of data required to
represent an INTRA frame being several (e.g. 5 - 10) times greater than that
required to represent an INTER coded frame. The amount of data required to
20 represent each INTER frame also varies according to the level of similarity /

difference with its reference frame and the amount of detail in the image.

This means that the information required to reconstruct a predictively encoded
video sequence is not equally distributed amongst the transmitted data packets.
25 In other words, a larger humber of data packets is required to carry the data
related to an INTRA frame than is required to carry the data for an INTER
frame. Furthermore, as the amount of data required to represent consecutive
INTER frames also varies depending on image content, the number of data
packets required to carry INTER frame data also varies.
30
A second source of fluctuation ocours when packet losses in fixed IP networks
occur in bursts. In order to avoid bursty errors and high peak bit- and packet-



A second source of fluctuation occurs when packet |osses in fixed IP
networ ks occur in bursts. In order to avoid bursty errors and hi gh peak
bit- and packet -4- rates, well-designed stream ng servers schedul e the
transm ssion of packets carefully and packets may not be sent precisely at
the rate they are played back at the receiving end. Typically, network
servers are inplenented in such a way4-that they try to achi eve a constant
rate of packet transm ssion. A server may 5 also adjust the rate of packet
transm ssi [ ccordance w t.h prevaili,n net work condi tions, reducing
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termnal refers end- user e roni c vice handhel d
devicé8 (PDAs), wireless termnals, as well as desktop and | aptop
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15 themselves may also be transmitted from the server at a varying rate. This
means that a decoder in, for example, a receiving client terminal experiences a
variable delay in receiving the information that it requires to construct
consecutive frames in a video sequence even if the transmission delay through
the network is constant. It should be noted that the term client terminal refers to

20 any end-user electronic device such as handheld devices (PDAs), wireless
terminals, as well as deskitop and laptop computers and set top boxes. This
variation in delay, which arises due to encoding, packetisation and packet
transmission from a server can be termed an "encoding" or "server-specific”
variation delay. It is independent of, or in addition to, delay jitter that arises due

25  to variations in tfransmission time within the network.

Hence, initial buffering enables the accommodation of fluctuations in
transmitted data rate from the aforementioned disadvantages i.e. encoding or
server-specific delay variation and network transmission related detay variation.

30 Initial buffering helps to provide a more stable audio-visual quality and to avold
network congestion and packet losses.



transmtted data rate fromthe aforenentioned di sadvantages i.e. encoding
or server-specific delay variation and network transm ssion rel ated del ay
variation. 30 Initial buffering helps to provide a nore stabl e audi o-vi sual
quality and to avoid network congestion and packet |osses. -5- Initial
buffering may al so be perfornmed after decoding of the received nedia data.
Thi s has the di sadvantage that the di%ensions of the buffer nust be
relatively Iarge as the buffering is perforned on decoded data, The
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Summary of the Invention

15
According to a first aspect of the invention there is a method of streaming
media data by transmitting a plurality of data packets over a network from a
source server to a client device wherein the client device includes a decoder for
decoding encoded packets. The method is characterised in that the client

20 device further includes a pre-decoder buffer having a variable initial buffering
time and a variable buffer size established for receiving the transmitted data
from the source server prior to decoding in the decoder, and wherein the
variable initial buffering time and variable buffer size of the pre-decoder buffer
are dynamically adapted for improved playback performance by the client

25  device,

According to a second aspect of the invention there is provided a system for
streaming media data by transmitting a plurality of data packsts, the system
including a source server hosting the media data, a network serving as a
30 transmission medium for the data packets; and a client device capable of
playing back the media data, wherein the client device includes a pre-decoder
buffer for receiving the transmitted packets from the source server via the



stream ng nedia data by transmtting a plurality of data packets, the
system including a source server hosting the nedia data, a network serving
as a 30 transm ssion nediumfor the data packets; and a client device
capabl e of playing back the nmedia data, wherein the client device includes
a pre-decoder buffer for receiving the transmtted packets fromthe source
server via the -6- network, the pre-dgeoder buffer having a variable
initial buffering tine and a variable buffer size, a decoder for decoding
t he packets fnﬁnlthe pre-dec buffer and neans for dynam cally adapting
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ef fect of pre-decoder butf
means for dynamically actapt:ng the variable initial buffering time and the
variable buffer size of the pre-decoder buffer for improved playback

15 performance by the client device,
Brief Description of the Drawings
The invention, together with further objectives and advantages thereof, may
20 best be understood by reference to the following description taken in
conjunction with the accompanying drawings in which:
Figure 1 shows a simplified block diagram of a pre-decoder buffer block in the
device terminal architecture, in accordance with an embodiment of the

25  invention; and

Figure 2 shows an example of a data flow in a typical streaming system
illustrating the effect of pre-decoder buffering.

30  Detailed Description of the Invention

Architectural Overview



30 Detailed Description of the Invention Architectural Overview -7-
According to the invention, a new buffering block is provided in the
termnal architecture in order to provide inproved receiver-side
buffering This buffering block is herein referred to as a pre-decoder
buffer. 5 Figure 1 shows a sinplified_block diagramof a pre-decoder buffer
block in the device termnal architeéture, in accordance with an
enbodi ment of the invention. The "Transport decoder"” 100 decapsul ates the
code-strean1fron1the recei ved data packets (e.g. RTP data packets). The
"Source decoder” 120 10 decodes the code-streamto an unconpressed data

for mat t hdtcomingp® MGamdntldmcwneWi'mefelﬂhg mleskoreprobidblian "thd 1omgRar ates as a
t enporary St]"otfzai%e bet\ée F ﬁe %Wt decodi ng .and source_decoding. In the
case of a PR aroghiopraviaed %W?P%'V?fgs'%%ff@m Thvpebyigsisidof data, a
comon pr edR PRSIk PId foSas @Hl‘éa@écﬁa%lab'@f'féf shared between all real-tine
nmedi a types that are transmtted. 15 However, in alternative enbodi nents of

the in¥ention, a separate pre- decoder buffer is provided for each nedia

type, the 5 f e t ed, bet ween t he
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stored in the. menmory, of t n ce and r and under the
control ofVg" Wiﬂﬁ?‘ gfaé?SpégrffeFBSE”bﬂgS)‘}eF%”@% ?%derﬂéea”@)ff@ﬁhheon of the
client dewcefedofatwhpadketd wgeﬁﬂrpsagwsp . &ﬂt ThéNedvkdd ﬁ%@?@é{ﬂQ%ocont rol

signals froma source server and contro e adaptatio initial
buf f etd ngdegagassdhel opH@-Sb“@ﬂmeho &) Hecaiepiessiichdatadorrat thetedrvbe may@um s from
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bl ock. | ntrm:ﬁ:roe?f éemc&m@rmdchsdmm detodihg inngrentasen of thewpl-eecdecasgier buffer
IS provi detd [ réoadd ition than gges'g[ deeé:fo atear abéJan@]Bnl oc%gggd afbtufefg“% decoder
in a stredffalg comprising more yp m pre- er
advantageously shared between all real-time media types that are transmitted.
15 However, in alternative embodiments of the invention, a separate pre-decoder
buffer is provided for each media type, the pre-decoder buffer for each media
type being located between the transport decoder and the respective source
decoder for the media type in question. The decoding operations are preferably
implemented as software stored in the memory of the client device and run by
20 and under the control of a MCU (Master Control Unit) that controls the
operation of the client device, of which Figure 1 shows a part. The MCU
receives control signals from a source server and controls the adaptation of the
initial buffering time and the buffer size according to the received signals from
the source server. The control of the different blocks by the MCU is illustrated in

25  Figure 1 by the control arrows from the MCU to each block.

in a preferred embodiment of the invention, the pre-decoder buffer is provided
in addition to a post-decoder buffer located after a decoder in a streaming
client. Advantageously, the post-decoder buffer is provided in order to absorb
30 network transmission delay variations. Additionally, the post-decoder buifer can
also absorb decoding-related delay variations. This is particularly advantageous

in the case where more than one type of media data is streamed



client. Advantageously, the post-decoder buffer is provided in order to
absorb 30 network transm ssion delay variations. Additionally, the
post - decoder buffer can al so absorb decodi ng-rel ated del ay vari ati ons.
This is particularly advantageous in the case where nore than one type of
nmedia data is streamed -8- sinmultaneously, The use of a post-decoder buffer
in this situation enables decoding d8l-ay variations introduced by

di fferent nedi a decoders to be snoothed out In an alternative enbodi nent

of the iny n arate .decod bu f s .al rovided in the
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data as it is decoded. Advantageously, i'n a situation nore than
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buffer is rf h. media type.
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primary factors that affect the behavior of the ering a

i.e. the ﬁﬂpilﬁaéﬁ dexfides ufgr isinrevided faribe neapentive prwceldeoddar fousdahr si ze.
The initi fering time typically refers to the time that el apses

bet ween t e t| Wnen a first nmedia data packet is received.and the tine
when the first nmedia sanple is played back. The m ni mum pre-decoder buffer

size typi Ly carresponds to the anount of data (e.g. the nunber of bytes
of data) @ﬁﬁe@f' g@rﬂﬂﬁ“cllent is able to 25 store in addition to the

buffering that takes place to cope with the transm ssion delay variation.

I n other words, a mninmum pre-decoder buffer size is defined
A buffering algorithm operating in accordance with the embodiment is provided

to buffer received data in a streaming client and to control the encoding and
15 serving of streams from a network-based streaming server. The algorithm
assumes that a pre-decoder buffer according to the invention is provided in the

streaming client.

There are two primaty factors that affect the behavior of the buffering algorithm
20 Le. the initial buffering time and the minimum pre-decoder buffer size. The initial
buffering time typically refers to the time that elapses between the time when a
first media data packet is received and the time when the first media sample is
played back. The minimum pre-decoder buffer size typically corresponds to the
amount of data (e.g. the number of bytes of data) the streaming client is able to
25 store in addition to the buffering that takes place to cope with the transmission
delay variation, In other words, a minimum pre-decoder buffer size is defined

for zero-delay reliable transmission networks.

The buffering algorithm is similar o the algorithms described in H.263 Annex B
30 (Hypothetical Reference Decoder) and MPEG-4 Visual Annex D (Video
buffering verifier). These algorithms define the buffering behavior for video

codecs. It should be noted that these algorithms cannot be used to replace the



for zero-delay reliable transm ssion networks. The buffering algorithmis
simlar to the algorithns described in H 263 Annex B 30 (Hypothetical

Ref erence Decoder) and MPEG 4 Visual Annex D (Video buffering verifier).
These al gorithnms define the buffering behavior for video codecs. It should
be noted that these algorithnms cannot be used to replace the -9- proposed
pre-decoder buffering algorithns, because they are applicable to video
only. Moreover, the H, 263 Hypot hetical Reference Decoder does not support
initial buffering or storing.,of nmultiple (non-B) frames into the buffer. It
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pr ot ocol '&%ﬁ‘ﬂ)%rc%nﬂatinéd"e transm ssion protocol |evel (e.g. RTP layer) or

any lower Tayer are renoved. 3. Data is not renoved fromthe pre-decoder

buffer during a period called the initial buffering tinme that is started
added to . the the initial

when the {irst data t is . ffer. 20 4. \We
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quest i on. resiuipments pfdhe frerdpeodes brffegw rexdefines-apdfoligws:el i abl e
transm ssion network, 25 the occupancy |evel of the pre-decoder buffer is
not permtted to exceed a

1. The pre-decoder buffer is initially empty.

2. Each received data packet is added to the pre-decoder buffer substantially
15 immediately it is received. All protocol headers at the transmission protocol
level (e.g. RTP layer) or any lower layer are removed.

3. Data is not removed from the pre-decoder buffer during a period called the
initial buffering time that is started when the first data packet is added to the
buffer.

20 4. When the initial buffering time has expired, a playback timer is started.

5. A data chunk is removed from the pre-decoder buffer substantially
immediately when the playback timer reaches the scheduled playback time
for the data chunk in question.

6. When the data is carried over a zero-delay reliable transmission network,

25 the occupancy level of the pre-decoder buffer is not permitted to exceed a
certain level called the pre-decoder buffer size.

it should be noted that the requirements above describe the operation without
intermediate pause requests. Each new play request (after a pause, for

30 example) will follow the same requirements.



certain level called the pre-decoder buffer size. It should be noted that
the requi renents above descri be the operation w thout internedi ate pause
requests. Each new play request (after a pause, for 30 exanple) w il
follow the sane requirements. -10- Furthernore, the requirenents above are
based on the assunption of having a zero-delay reliable transm ssion
network. Thus, in a practical inplendft-ation, client-side pre-decoder
buffering is likely to be conbined with network delay jitter buffering.

Consequent t he agtual pre-decoder buffer, size in a streaming 5 client is
kel y-t o FHEMERGET THazHuPHESHS RDR R eashcaLR J86HmeRon oy BaviN sussed

above, andetd8eias treihid Righd f | e Q. ; | onger
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Fi gure 2 $hemissidn pescdegider duffaringia ity ibe eorliped atiths hetmank niglayy st em

illTustrati; f - buffering... The b t di
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speech COGQQY?'panéﬁ‘eh%q(‘ﬁﬂt'mgﬁl byiterpgrting &pplegdielyitadeslopgenthan heane (or a

packet) I iy baferind@meRiRE8SS Ashykl ow runs fromthe top to the bottom and

time runs fromleft to right. Now referring to Figure 2 in nore detail, at
first, the input data is encoded. As a 20 result, the video streamhas a
varying f i e%gﬁgr@u'}fjeié anme size, and the audio stream has a constant
frame rate ta vary h5% rame size. Next the conpressed nedia streans are

encapsal ated i nto packets and transmtted to the network. Wile

encapsul at.in the server splits large video franes to nultiple packets,
and corbi RIS, 7SRNG &t cxplple Al ook s, At lyPisale sheapRskersteThe server

transm tSiugéﬁéﬁﬁgﬁhébffé&%gﬁé-db%@ér‘b%kférin N THRNSr 8 MprBS&I PR dia HhAREM SSI 0N
delay is assunmed, regardless of the packKet size or any other
or packets, for example, the dark bars are video data packets (e.g. encoded
according to ITU-T recommendation H.263) and the light bars are audio data
15 packets (e.g. encoded using the Adaptive Multi-Rate (AMR) speech codec).
The height of the bars represent the size of a frame (or a packet) in bytes. The

processing flow runs from the top to the bottom, and time runs from left to right.

Now referring to Figure 2 in more detall, at first, the input data is encoded. As a
20 result, the video stream has a varying frame rate and frame size, and the audio
stream has a constant frame rate but a varying frame size, Next the
compressed media streams are encapsulated into packets and transmitted to
the network. While encapsulating, the server splits large video frames 1o
multiple packets, and combines a number of small audio frames into one
25  packet. The server transmits packets at regular intetvals. A constant network
transmission delay is assumed, regardiess of the packet size or any other
factors. Thus, the relative timing of received packets is the same as when they
were sent. The received packets are stored in a pre-decoder buffer. After a
certain initial buffering time, frames are retrieved from the buffer, and the frame
30 removal rate is the same as the frame playback rate. The maximum buffer

occupancy level determines the minimum pre-decoder buffer size.



factors. Thus, the relative timng of received packets is the sanme as when
they were sent. The received packets are stored in a pre-decoder buffer.
After a certain initial buffering tine, frames are retrieved fromthe
buffer, and the franme 30 renoval rate is the sane as the frane pl ayback
rate. The maxi num buffer occupancy |evel determ nes the m ninmum
pre-decoder buffer size. -11- Signalihg of Pre-Decoder Buffer
Characteristics In order to ensure certain mninmumbuffering capabilities

in st reamg?%,‘agm %lfﬂi:)?e De%gﬁ%lﬁﬁ?ﬂ eq%fi‘%%cq%%r?siif f er char acteristics are defi ned.
il

As describ I'i er, the Gteristics can be defined

primarily by two factors i.e. the initial buffering tinme and the m ni num

pre-decod(?r% b ffer size. An exanple for the default value for the initial
i©
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15 time and the defaugft pre-decader buffer size may be defined implicitly. In other
words, the source server and streaming clients in the network operate in such a
way that certain default pre-decoder buffer parameters (e.g. pre-decoder initial
buffeting time and / or pre-decoder buffer size) are assumed. In alternative
embodiments, explicit signaling of the pre-decoder buffer parameters is used.

20
In order to allow a streaming client to signal its default pre-decoder buffering
capabilities to a source server and to enable it to receive media streams
requiring more demanding buffering capabilities than the default capabilities,
sighaling based on the SET_PARAMETER method of the Real Time Streaming

25 Protocol (RTSP) is used in the invention.

By way of example, the client terminal device can request the server to set
aither one or both of the following parameters:

30 1. intialBufferingTimelnMSec (initial buffering time in milliseconds)
2. preDecoderBufferSizelnBytes (minimum pre-decoder buffer size in

bytes)



25 Protocol (RTSP) is used in the invention. By way of exanple, the client
term nal device can request the server to set either one or both of the
followi ng paranmeters: 30 1. initialBufferingTinmelnMsec (initial buffering
time in mlliseconds) 2. pre Decode rBufferSizelnBytes (m nimum pre-decoder
buffer size in bytes) -12- The client termnal device is not permtted to
signal paraneter values smaller than2he default val ues defined or
inplicitly assumed in the stream ng system A server that receives a
request indicating a value snmaller than one of the default 5 val ues may
signal a "Bad Request”. If the transmtted values are greater than or

equal to i ; i iici ; i ed val ues are
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15 playback in the receiving client at their scheduled playback times.

According to an advantageous embodiment of the invention, when a client
terminal device first establishes communication with a network server and starts
to set up a streaming session with the server by requesting certain media
20 content to be streamed, it signals its défault pre-decoder buffering parameters
to the server. As explained above, according to the invention, the client terminal
device may either indicate its default pre-decoder buffering time or its minimum
pre-decoder buffer size, or both the aforementioned parameters. In an
alternative embodiment, in which the client terminal device is also provided with
25  a post-decoder buffer, the post-decoder buffer size may be indicated to the
source server, In embodiments of the invention in which the pre-decoder buffer
parameters are defined implicitly in the streaming system, initial signaling of
pre-decoder buffer parameters by the client device is strictly unnecessary.
However, if a particular client device has pre-decoder buffering capabilities
30 superior to the implicitly defined default values assumed in the streaming

system, it can signal those to the server. In a further alternative arrangement,



25 a post-decoder buffer, the post-decoder buffer size may be indicated to
the source server. In enbodinents of the invention in which the
pre-decoder buffer parameters are defined inplicitly in the stream ng
system initial signaling of pre-decoder buffer parameters by the client
device is strictly unnecessary. However, if a particular client device has
pre-decoder buffering capabilities 303superior to the inplicitly defined
default values assuned in the streamng system it can signal those to the
r alternative arran souy ce server

server. lp a rth i enment, -13- . th
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signals the pre-decoder initial buffering time and pre-decoder buffer size

oL 26 ARSIRUE RLRShGEnt SRR e BIANIGC AL Hsh fTeren

15 has received an indication of the client terminal's default pre-decoder initial
buffering time and / or its minimum pre-decoder buffer size, it informs the client
terminal, by means of sighaling via the network, of the different pre-encoded
media streams it can provide. For example, if the server has 4 differently
encoded media streams relating to the requested media content and the client

20  has indicated both its defauilt pre-decoder initial buffering time and its default
pre-decoder buffer size, the server signals the pre-decoder initial buffering time
and pre-decoder buffer size required to ensure correct {(e.g. pause-free)
playback of the 4 different media streams, The client terminal then selects one
of the 4 pre-encoded media streams for playback and adjusts its pre-decoder

25 initial buffering time and pre-decoder buffer size according to the corresponding
requirements of the chosen media stream. The adjustment within the client
terminal is preferably controiled by the MCU of the client terminal, If the server
indicates only the required pre-decoder initial buffering time or the required pre-
decoder buffer size required by the various encoded media streams, the client

30 terminal selects the media stream on that basis and adjusts either its pre-
decoder initial buffering time or pre-decoder buffer size accordingly. In this
case, whichever parameter is not indicated is assigned a default value,



of the 4 pre-encoded nedia streans for playback and adjusts its pre-decoder
25 initial buffering time and pre-decoder buffer size according to the
corresponding requirements of the chosen nmedia stream The adj ustnment
within the client termnal is preferably controlled by the MCU of the
client termnal. If the server indicates only the required pre-decoder
initial buffering time or the requirad.pre- decoder buffer size required by
t he various encoded nedia streans, the client 30 term nal selects the nedia
streamon that basis and adjusts either its pre- decoder initial buffering
time or pre-decoder buffer size accordingly. In this case, whichever

par anet er - 1.ndj I Ssi def.ault val ue. -14- The client
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way that they would not b& capable of correct reproduction using the default

15 pre-decoder buffer parameters,

According to the preferred embodiment of the invention, the pre-decoder initial
buffering time and / or pre-decoder buffer size in the client are adapted
according to the previously described process whenever streaming of a new
20 media stream is initiated. If it is determined during the process that the new
media stream can be played back correctly at the client using the currently valid
pre-decoder buffering parameters, no adjustments are necessary, Additionally,
the client may adjust its pre-decoder initial buffering time and / or pre-decoder
buffer size in a situation where the server signals a change in required pre-
25  decoder buffer parameters during an existing streaming session. This situation
may arise, for example, if different consecutive sections of the media content to
be streamed are encoded differently, giving rise to a need for different pre-
decoder buffering at the client to ensure correct playback of the stream.

30 In summary, the present invention contemplates a pre-decoder buffer as a part
of a streaming client. The streaming client operates by following a buffering
algorithm in which a streaming server verifies that the transmitted data stream



pre-decoder buffering paranmeters, no adjustnents are necessary.
Additionally, the client nay adjust its pre-decoder initial buffering tine
and / or pre-decoder buffer size in a situation where the server signals a
change in required pre 25 decoder buffer paraneters during an existing
stream ng session. This situation may arise, for exanple, if different
consecutive sections of the nedia contfent to be streaned are encoded
differently, giving rise to a need for different pre- decoder buffering at

the client to,.ensure correct playback of the stream 30 In summary, the
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15  Although the invention has been described in some respects with reference to a
specified embodiment thereof, variations and modifications will become
apparent to those skilled in the art. It is therefore the intention that the following
claims not be given a restrictive interpretation but should be viewed to
encompass variations and modifications that are derived from the inventive

20 subject matter disclosed. |



20 subject matter disclosed. 16 CLAIMS 1. A nethod for stream ng nedi a
data, the nethod conprising receiving information indicative of a client's
pre-decoder buffering paraneters, the received information indicative of
at |l east one of the pre-decoder initial buffering tinme and the m ninmum
pre-decoder buffer size; sending inforndéi on indicative of a pre-decoder
buf fering pararreter for the nedia data; sending information indicative of
a post - dec&dMuf f eri ng paraneter for the nedia; adapting the

transmi ssi (i)n of A 'l’lghllda?(gl stn)éal%[niggf%cﬁ Bgt%kﬁkﬁe%%)@coqr%rﬁl acket streamto

ensure that the data f ransm with a buffering

al gorithm behavi our r&fewﬁﬂi},e ihisbhetiom dndic@ord toin bgiens apit et @tbr byuftdrtng
pre-decoder buffer parameters for the nedia data, 2. The nethod of claim
1, wherein the PEFEECHsY hireseived indprmatigndadisativetof|ab depst oifeoidhe pee-desoden t

pre-decoder i ni gdlﬁgel Hr%e%ieﬁg%hg% a‘hPWPmﬂ m@ ﬁéqfték%dcf%ﬂfmeore decoder

buf fer size. aim urther "conpri sing:

sendi ng a plur aI ity eindpreindecatien Ihdlf:.’litﬁrel oiga pec-dcveter buff@ly padnter énsur e
correct playbac of%cg El urality of pre-encoded nmedia streams representative
of the sane ne ht¥Rt ; and receiving information indicative of the

pre-decoder bufferi ngen@ﬂ{gai'ﬁ?&ﬁ{aﬁon fi@ficdtiie o8 St B8R HETEALCHa TR R for

stream 4. The nmethod of claim1l, wherein the information i s sent during a
stream ng sessthsnnedia, The nethod of claim1, the met hod further

conprising: adjusting,the t sm ssi.on rde

ensure that the t ra%% 1ig é}&e ggqsgnb%%rkgf gﬁ?@g{ﬁ %@‘i@a r%f’ %Se@gi ket ©

buf fering capabittdati @en@lretthe the data packet stream transmitted complies with a buffering
algorithm, behaviour of the buffering algorithm being affected by the pre-decoder

buffer parameters for the media data.

2. The method of claim 1, wherein the received information indicates at least one of
a default pre-decoder initial buffering time and a default minimum pre-decoder

buffer size.

3. The method of claim 1, the method further comprising:
sending a plurality of pre-decoder buffering parameters required to ensure
correct playback of a plurality of pre-encoded media streams representative of the
same media content; and
receiving information indicative of the pre-decoder buffering parameters

for the selected pre-encoded media stream.

4. The method of claim 1, wherein the information is sent during a streaming
session.
5. The method of claim 1, the method further comprising:

adjusting the transmission times of data packets in order to ensure that the
transmitted data packet stream does not exceed the buffering capabilities of the

pre-decoder buffer in the client.



pre-decoder buffer in the client. 17 6. The nethod of claim1, conprising:
receiving information indicative of the client's post-decoder buffer
paranmeters. 7. The nmethod according to claim1, wherein the pre-decoder
buffering paraneters for the client are received froma capability server.
8. The nethod according to claim11, furtfer conprising: adjusting the way
in which the nedia data is_encoded and packetised in order to ensure that
the transm ttech{j‘ﬁln&%ﬁyc‘kféilalg’t]réaWHé’é‘g: not exceed the buffering

capabilities of the + T 1 D [J=T0 | TR BN

buffering nmedi a dat ap%(%ﬂg&ﬁﬁ?g{lnpggé%iellci:lgi,cg?%(;eorrf;mea%g%tas B@ist%(:g?%cfg%fgﬁ at
the client devi peraastas.dat a packet stream the client device conprising a
pre-decoder buffer for buffering the nmedia data tenporarily before
decodi ng, the nethod conprises: sending information indicative of the

client's pre-deqadefetiuf J&B}d][ﬁg% tﬁperamt, Hreih *&?el %@I&E@fr bQeRE Plameters

i ndicative of at |east one o e pre-decoder itial buffering tinme and
t he m ni mum pr efddbodemt buefriesivei zem arapabilifyrgrienf or mati on i ndi cative of a
pre-decoder buffering paranmeter for the nedia data; receiving information
i ndicative of a post-decoder buffering paraneter for the nedia data; and

buf fering ghe ngdé mefidactdrdidigoRIemde s@der cbtbfisihgof the client device in
accordance with a buffering algorithm behaviour of the buffering algorithm

bei ng af fected by thedigptingdée ot in whichdhe mgdieditags encpdedpad packatided irum
pre- decoder bu i e or di | &l iin. the
sent infornmati O{J]Ifd;%% (?cegl? %rse l[gl t ?%atsr?g Stngig[gd (%%?aapgéé%gds?rtg a%r@e eé(zdcgcﬁla;ér1 8%(f]:t i al
buffering tine bufferingdababiliticydfthepre-dycoderdadhedaf thowlitar si ze.

9. A method for buffering media data in a client device, the media data being
received at the client device as a data packet stream, the client device comprising
a pre-decoder buffer for buffering the media data temporarily before decoding,
the method comprises:

sending information indicative of the client’s pre-decoder buffering
parameters, the information being indicative of at least one of the pre-decoder
initial buffering time and the minimum pre-decoder buffer size;

receiving information indicative of a pre-decoder buffering parameter for
the media data;

receiving information indicative of a post-decoder buffering parameter for
the media data; and

buffering the media data in the pre-decoder buffer of the client device in
accordance with a buffering algorithm, behaviour of the buffering algorithm
being affected by the pre-decoder initial buffering time and the minimum pre-

decoder buffer size.

10.  The method according to claim 9, wherein the sent information indicates at least
one of a default pre-decoder initial buffering time and a default minimum pre-

decoder buffer size.



18 11. The nethod according to claim9, further conprising: adjusting
pre-decoder initial buffering tinme responsive to an indication of a

recei ved required pre-decoder initial buffering time. 12. The net hod
according to claim9, further conprising: adjusting pre-decoder buffer size
responsive to an indication of a receivédé required pre-decoder buffer
size. 13. The nethod according to claim9, further conprising: receiving

i nf or mat i ohli ndifeamethodgrecerdpiaip slamp, urthes sempasiagof a pre- decoder

initial buffering ti - dec r ffer.si ired vide
correct play-back of g@“%%%eﬁe%’%? q@lﬂgl f%@%ﬁ%ﬂ%&r@é— %ﬁ%@%&% tpneéigilg(?l(s:%)fgoceha(lﬁ;f:;I
representative atedechedsemiredpek-deadnit iittal beffbiegd tilng. one of the different
pre-encoded nedia streans for playback at the client device; and adjusting
the pre-decoder initial buffering time and pre-decoder buffer size of the

pre- decodey, buf fg¢ LA LA RAIILEEARIRL the sel ected media

stream 14. The nethod according to claim¥9, erern the client device

adj usts at | east oneadjfistirigtigepieendde botfersizavetpalsivibud ke indicption ré aancki vekds
pre-decoder buffer.size responsive to a change in required pre-decoder
buf f er par anmet efg4F g EEGV&&OE%?%“%I #%treaning session. 15. A client device
for receiving nedia data, the nedia data being received at the «client
device as a data packet stream the client device conprising: a source
decoder; al%ont ¥l methofl gecardingitn glaim o furtiter opmprngingat i ve of a client's

pre-decoder bufferi par anet er the.infornmati on being,indicative of at
| east one of the prel%a‘g%gﬁ%%ﬁ%aw%bﬁﬁﬁ%ﬂ n@ p??rﬁﬁtyaﬁtglﬁaﬁteoﬂ? eo-fdaeé)g%er
buf fer size, fodedbeseintidlPuffenh@ it ita pReicatibvBufdd szdfequidel adsfovide
buffering paraneter for the nedia data, and for receiving information

i ndi cative of acqsEsst -Rlavbads Hurr ehwalitypal afiffesmt pre-encodéd media streams

representative of the same media content;

selecting one of the different pre-encoded media streams for playback at
the client device; and

adjusting the pre-decoder initial buffering time and pre-decoder buffer
size of the pre-decoder buffer according to the requirements of the selected media

stream.

[4. The method according to claim 9, wherein the client device adjusts at least one of
its pre-decoder initial buffering time and its pre-decoder buffer size responsive to
a change in required pre-decoder buffer parameters received during a streaming

session.

15. A client device for receiving media data, the media data being received at the
client device as a data packet stream, the client device comprising:

a source decoder;

a controller for sending information indicative of a client’s pre-decoder
buffering parameters, the information being indicative of at least one of the pre-
decoder initial buffering time and the pre-decoder buffer size, for receiving
information indicative of a pre-decoder buffering parameter for the media data,
and for receiving information indicative of a post-decoder buffering parameter

for the media;



for the nedia; 19 a pre-decoder buffer coupled to the source decoder for
buffering the nedia data tenporarily prior to decoding in the source
decoder; wherein the client device is arranged to buffer the nedia data in
the pre- decoder buffer in accordance with a buffering al gorithm behaviour
of the buffering algorithm being affecggd by the pre-decoder initial
buffering time and the m ni num pre-decoder buffer size; and a post-decoder

buffer coupl ed to thg seue&RIcASALR oL YT fErdoietet B&odBE draL SRl o fiicer
decodi ng. 16. The client device according to claim15, wherein the sent

i nf or mati on i ndingdipalstagemppranbt prordo decalineingbt sopredaedoder initi al

buffering time and a_default mni nrum .pre-decoder buffer siz 17. The
client device accor d‘i”ﬁ%repoéhglc?fiﬁm Jfrg,lcev\llg@ rgpg'ed?tﬁgoutffei\ P mﬁg\?i cg:ga s Pranged
to adjust its @ueddesoder il RickdrahndRUiA®@I h NELtd B AIRSAONS| ¥@abRuA Jregri ved
indication of a required pre-decoder initial buffering time. 18. The
client device aRd&rdgridgarshm baing aBectomh by dheprerdecedigranitial byiferdng mgrandnged
to adjust its sileGRE S - . SkZe:. responsive to a received indication
of a required %qu-lglecodgge g%%%rbugfegg{m’l .. The client device according to
claim 15, wherein the poftideobdaemiftie domphdr @ngedsdugse décdded ¥ butf@ingathicon

i ndi cative of a %urality‘gf 81 | east one of a pre- decoder initial
buffering tine ‘BE a datg alerdecodde. buffer size required to provide correct
pl ay-back of a plurality of different pre-encoded nedia streans
representative of the same nedia content; select one of the different

pr e- encoddd. nedite dienedavice apcomgingfoadainal 5, tereic theesent théminregipn amtlcaelj aist
its pre-decode

initial. bufferi ti and - decad ff
acoording to. e ettt el B ickeTE o BhFrias Ame sk conlt AR ont

devi ce accor di ngeldecddenbiffksizewherein the client device is arranged to

17. The client device according to claim 15, wherein the client device is arranged to
adjust its pre-decoder initial buffering time responsive to a received indication of

a required pre-decoder initial buffering time.

I8. The client device according to claim 15, wherein the client device is arranged to
adjust its pre-decoder buffer size responsive to a received indication of a required

pre-decoder buffer size.

19. The client device according to claim 15, wherein the client device is arranged to:

receive information indicative of a plurality of at least one of a pre-
decoder initial buffering time and a pre-decoder buffer size required to provide
correct play-back of a plurality of different pre-encoded media streams
representative of the same media content;

select one of the different pre-encoded media streams for playback at the
client device; and

adjust its pre-decoder initial buffering time and pre-decoder buffer size

according to the requirements of the selected media stream.

20. The client device according to claim 15, wherein the client device is arranged to

adjust at least one of its pre-decoder initial buffering time and its pre-decoder



adjust at |east one of its pre-decoder initial buffering tinme and its
pre-decoder 20 buffer size responsive to a change in required pre-decoder
buffer paranmeters received during a stream ng session. 21. A server for
stream ng nedia data, the server conprising: a controller for receiving
information indicative of a client's pr?bdecoder buffering paraneters, the
informati on being indicative of at |east™one of a pre- decoder initial
buffering tine i ni -pre-de [ huffer. SiZ2ei..s8ndi na. i nf. ion
ndi oot ye of o . Hak AR L Aags i ey SFodt Afiecpoa biler RIS
sendi ng i nf or natecancd datinged stwanofig scspioat - decoder buffering paranmeter for
the nmedi a; and adapting the transm ssion of a plurality of data packets as
a data packet streamto verify that the data packet streamtransmtted
conplies vofh asbpflefdrRfea®in@hddid M RO AWondrisidie buffering al gorithm
being affected by the pre-decoder buffering paraneters for the nedi a data.
22. The server accordiejrallsr ddraicosi2ihg inftemetion indietiaalof aplientdepoddacoieri ti a

buffering ti d. a default mninum pre-decoder buffer, size are.defined
Por the ore- aoeBiorButiriaicl, B nEEUROE borE GifcaRtt o o Rofrodt St fare
transnmitted datgecpagksitial SIFEHPIREE MHIA Anitint pR-Abi&un@r &kgor i t hm usi ng
said default values. 23. The server according to claim?2l, wherein the

server is arranged t¥nfdgdpipamatonpditativg ¢fnal preadgcpderopulfringepsameige fagf a
def aul t pre-deq?g%kﬁgﬁééal buffering time and a default m ni num
pre-decoder buffer Size I'n connection with setting up a stream ng session.
24. The server accorsthdiggtinfoehmation @illicathre o€ianpdshéedodéobutdringnpsamntter for
indicates at |l east one of a default pre-decoder initial buffering tine and
a default mini ﬁFﬁ#@émﬁgcoder buffer size. 25. The server according to

claim21, wherein t%%Etilﬁffh‘éet'i'aﬂsﬁl_i%'f(frﬁaﬂgf?)iﬁrgl'ﬂlye(;fr cila?é/ga R as08 A9 acket

buffering capabilities for the client device oma capability server.
stream to verify that the data packet stream transmitted complies with a buffering
algorithm, behaviour of the buffering algorithm being affected by the pre-decoder

buffering parameters for the media data.

22, The server according to claim 21, wherein a default pre-decoder initial buffering
time and a default minimum pre-decoder buffer size are defined for the pre-
decoder buffer and the server is arranged to verify the transmitted data packet

stream according to the buffering algorithm using said default values.

23. The server according to claim 21, wherein the server is arranged to receive
signalling indicative of at least one of a default pre-decoder initial buffering time
and a default minimum pre-decoder buffer size in connection with setting up a

streaming session.

24. The server according to claim 21, wherein the information sent indicates at least
one of a default pre-decoder initial buffering time and a default minimum pre-

decoder buffer size.

25. The server according to claim 21, wherein there server is arranged to retrieve pre-

decoder buffering capabilities for the client device from a capability server.



21 26. The server according to claim2l, wherein the server is provided
with a plurality of different pre-encoded nedia streans representative of
the sane nedia content, and is arranged to receive at |east one of the
pre-decoder initial buffering time and the pre-decoder buffer size
required to ensure correct play-back of ﬁ?Ch avai l abl e pre- encoded medi a
stream 27. The server according to clai 21, wherein the server

arranged tggsi gngé s@verCMHQﬁ%ﬂ Jlﬁﬂpkf Q0 RER- tﬂ@g der 1355%% il ‘Qﬁg%rﬂ?ﬁﬁﬁéfei .

during a stream ng session e sérver accor |ng a|m
the server is apféﬁ@amnpu:adpd@inmdmsutmamganssnmnv¢Dhﬁ@s@hedﬁﬁ&l@Bﬂ&ﬂis in
order to ensure that the transmtt q data packet ga ﬁ‘i% Fflot exceed
the buffering cHFabi FFaEES (OFCELHE Hrleashoos gt R dscoderninitpl bufiedpg g

The server accogli i bR- @éc@ﬂé’ﬁ Brerwhigd %dﬁ1xtchet05&{sﬁﬁ’r chiFed Jﬂ%ﬂgfc‘i’ 5P cadi ust
the way in which the nedia data is encoded and packetised i'n order to

ensure that theavaileblepnt-eneded atediapgisket st ream does not exceed the
buffering capabilities of the pre-decoder buffer in the client.

27.  The server according to claim 21, wherein the server is arranged to signal a

change in required pre-decoder buffer parameters during a streaming session.

28. The server according to claim 21, wherein the server is arranged to adjust the
transmission times of data packets in order to ensure that the transmitted data
packet stream does not exceed the buffering capabilities of the pre-decoder buffer

in the client.

29. The server according to claim 21, wherein the server is arranged to adjust the way
in which the media data is encoded and packetised in order to ensure that the
transmitted data packet stream does not exceed the buffering capabilities of the

pre-decoder buffer in the client.



