-1 Method and system for buffering streamed 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 I nvention In conversational patket-smﬁtched mul timedi a 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 tr aMsthodsindneydednayor buffericdher sthemedl@bgy may vary from packet to
packet. Consequently, packets having the same presentation (playback)
time- st PP hdBleipn €cei ved at the sane tinme, and the reception

I nterval 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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mal  odt i PEPERafEHo RkfRE o te e SOy Bob B i Boer el “her o0
(e.g. | dmsediietworkallflo® specifiodly, ik aveliont relass®e bhiff@ity Wetmniamr 1 ati on.
Herein, this type of buf{ r is referred to as a delay jitter buffer. In
conver saef BHIP ‘Bﬁcﬂ%é’?ﬂgw ctireamad madia; frona paskatdelay vasiplioy déan t ake pl ace

bef ore ag@ntod@ihg afiti Pack@idbfioriat a 25 decoding. Delay jitter buffering is
al so applied in"stream ng systens. Due to the fact that streamng is a

non- conversational application, the delay jitter buffer required nay be

consliod_er% ry@?’%ﬁi@t'@?@lﬂ% conversational applications. Wen a 30

stredam ng pra I shed a connection to a server and requested a
mul ti media streamto be downl oaded, the server begins to transmt the

desired -2 . . . .
In conversational packet-switched multimedia 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 transmission delay, but rather the
delay may vary from packet to packst. 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 not 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 packet-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

~ sireaming is a non-conversational application, the delay jitier buffer required
may be considerably larger than in conversational applications., When a

30  streaming player has established a connection to a server and requested a
muitimedia stream to be downloaded, the server begins to transmit the desired




stream The player typically does not start playing the stream back

I mredi ately, but rather it buffers the incomng 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 conversatZenal applications. In addition, it may
enabl e the use of link, transport, and/or application |ayer

retransnissions of |ost,protocol data unjts (PDUs). Buffering allows the
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15  transmitted from the server to vary. In other words, 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 io 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 techniques. 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-




types are INTRA or |-franmes and INTER or P-frames. An INTRA frame is
encoded on the basis of information contained within the inmage itself,
while a P -3 frame is encoded with reference to at | east one other frane,
usually a frame occurring earlier in the video sequence. Due to the
significant tenporal redundancy between successive franes of a digital

vi deo sequence, it is possible to-8hrcode an INTER frane with a
significantly smaller anount of data 5 than that required to represent an
| NTRA frfarre. . Thus, , | ranmes are used conparatively infrequently in an
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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 reconstiruct a predictively encoded
video sequence is not equally distributed amongst the transmitted data packets.
25  In other words, a larger number of data packets is required to cany 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 occurs when packet losses in fixed IP networks
occur in bursts. In order to avoid bursty errors and high peak bit- and packet-




| NTER franmes al so varies depending on inmage content, the nunber of data
packets required to carry INTER franme data al so varies. 30 A second source
of fluctuation occurs when packet |osses in fixed |P networks occur in
bursts. In order to avoid bursty errors and high peak bit- and packet -4
rates, well-designed stream ng servers schedul e the transm ssion of packets
carefully and packets may not be se#dt precisely at the rate they are played
back at the receiving end. Typically, network servers are inplenented in
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required to reconstruct a predictively encoded video sequence unequally
distributed between the transmitied data packets, but the data packets
15 themselves may also be transmitied 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 desktop 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 transmission 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 delay variation.

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




transm ssion froma server can be terned an "encodi ng" or "server-specific”
variation delay. It is independent of, or in addition to, delay jitter that
arises due 25 to variations in transmssion tinme within the network.
Hence, initial buffering enables the accommobdation of fluctuations in
transmtted data rate fromthe aforenentioned di sadvantages i.e. encoding
or server-specific delay variationsand 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 losses. . -5 Initial
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| 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 packets, 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




fromthe source server prior to decoding in the decoder, and wherein the
variable initial buffering tine and variable buffer size of the pre-decoder
buffer are dynam cally adapted for inproved playback performance by the
client 25 device. According to a second aspect of the invention there is
provi ded.a systemfor streamng nmedia data by transmtting a plurality of
data packets, the system includingga source server hosting the nedia data,
a network serving as a 30 transm ssion nmediumfor the data packets; and a

client device capabl e of | ayi ng back the nedia data, wherein the client
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provided a client device for receiving a plurality of data packets
transmtted over a network froma source server, the client device
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means for dynamically adapting 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
iliustrating the effect of pre-decoder buffering.

30 Detailed Description of the Invention

Architectural Overview




conjunction wth the acconpanying drawi ngs in which: Figure 1 shows a
sinplified block diagramof a pre-decoder buffer block in the device
termnal architecture, in accordance with an enbodi nent of the 25

i nvention; and Figure 2 shows an exanple of a data flowin a typical
stream ng system illustrating the effect of pre-decoder buffering. 30
Det ai | ed Description of the Inventidn Architectural Overview -7 According
to the invention, a new buffering block is provided in the term nal
architecture in order to provide inproved receiver-side buffering. This
buffering block is herein referred to as a pre-decoder buffer. 5 Figure 1
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transport decoding and source decoding. In the case of a multi-media data
stream comprising more than one type of data, a common pre-decocder buffer is
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 par. 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 s illustraied 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 fo 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 buffer can
also absorb decoding-related delay varations. This is particularly advantageous

in the case where more than one iype of media data is sireamed




operation of the client device, of which Figure 1 shows a part. The MCU
receives control signals froma 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

bl ocks by the MCU is illustrated in 25 Figure 1 by the control arrows from
the MCU to each block. In a prefersrgd enbodi nent of the invention, the
pre-decoder buffer is provided in addition to a post-decoder buffer

| ocated after a decoder in a stream ng client. Advantageously, the
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decoder buffer is also provided in the receiving client. The decoder buffer
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i s streaopdraté datedardulfst is, pravidsa frarthe eeapecibesouned fiecodes igreachded for the
respectiyve .source decoder for each nedia type. 10 Buffering AlgorithmA
bufferi ﬁ'aeq;ﬁi "t hm operating in accordance with the enbodi nent is provided
to beffer received data in a streanming client and to control the encoding
and 15 seryving of streans from a network-based stream ng server. The

al goritrﬁqﬁ%@gdﬂ@'“ﬂrﬁat a pre-decoder buffer according to the invention is
provided in the streamng client.

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 neiwork-based sitreaming server. The algorithm
assumes that a pre-decoder buifer according to the invention is provided in the
streaming client.

There are two primary factors that affect the behavior of the buffering algorithm

20  ie. 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 buifering 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 to 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




There are two primary factors that affect the behavior of the buffering
algorithm 20 i.e. the initial buffering time and the m ni mum pre-decoder
buffer size. The initial buffering time typically refers to the tine that
el apses between the time when a first nmedia data packet is received and
the time when the first nedia sanple is played back. The m ni nrum
pre-decoder buffer size typically corresponds to the anpunt of data (e.g.
t he nunber of bytes of data) the streaming client is able to 25 store in
addition to the buffering that takes place to cope with the transm ssion
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frames intcbthe buffer. It should also be noted that the proposed
pre-deccﬁ?@r %‘Eﬂf?%'ﬂ? g algorithmis fully 5 conpatible with the previously

mentioned video buffering algorithns. In a practical inplenmentation, the
pre-decoder buffer and the video decoder buffer can be conbined. In

accor darlBearptdane vty recpiedgirashsudpiEmeant of the,dnvieatiemtthe bufleRBI buf f eri ng
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RTP | ayef,) TRé pedtiiedcdd® buliéni€ initlllg ehfipved.
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.

8. When the data is carried over a zero-delay reliable iransmission neiwork,

25 the occupancy level of the pre-decoder buffer is not permitted to exceed a
cerain 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 requiremens.




3. Data is not renoved fromthe pre-decoder buffer during a period called
the initial buffering tinme that is started when the first data packet is
added to the buffer. 20 4. When the initial buffering tinme has expired, a
pl ayback tiner is started. 5. A data chunk is renoved fromthe pre-decoder
buffer substantially imrediately when the playback tinmer reaches the
schedul ed pl ayback tinme for the dapa chunk in question. 6. Wien the data
is carried over a zero-delay reliable transm ssion network, 25 the
occupancy | evel of the pre-decoder buffer is not permtted to exceed a
cert ai n Fushermera thedeawiemenis abevtaie haset on the assumptianhefliagingea not ed t hat
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Consequent |y, the actua r e- decoder buffer size in streamng 5 client is

li kely taboye a@lg@raqtuannﬁtnlebuﬁaﬁmdm@rSealaedlb@Iurtotb@flﬂegersthm the scussed
above, %ﬂaltmuﬁe égﬁkfdlﬂu[‘s&éac{ aWef ering tine is also likely to be |onger

than the Tnitral I'me di scussed above. Pre-Decoder Buffering 10
Figure 2 shows an exanpl e of a data flowin a typical stream ng system

i1 Tustragl t he ect of pre-decoder buffering. The bars represent nedi a
franes %Jp[%ggagligufffqrmg exanpl e, the dark bars are video data packets (e.g.

encoged according to I TU-T reconmendati on H. 263) and the |ight bars are

audi o data 15 packets (e.g. encoded using the Adaptive Milti-Rate (AWR)
speech ddgie)2 shows an example of a data flow'in a fypical streaming system

fllustrating the effect of pre-decoder buffering. The bars represent media frames
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 iop 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 to
multiple packeis, and combines a number of small audio frames into one

25 packet. The server transmits packets at regular intervals. 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 siored in a pre-decoder buffer. After a
certain initial buffering time, frames are retrieved from the buiffer, and the frame

30 removal rate is the same as the frame playback rate. The maximum buffer
occupancy level determines the minimum pre-decoder bufier size.




The height of the bars represent the size of a frane (or a packet) in
bytes. The processing flowruns fromthe top to the bottom and tine runs
fromleft toright. Nowreferring to Figure 2 in nore detail, at first, the
i nput 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 frane rate
but a varying franme size. Next theliconpressed nedia streans are

encapsul ated into packets and transmtted to the network. Wile

encapsulatin Ee erv réﬁ& i | arge.,video franmes to nultiple packets,
and con‘ac'fa'gféaé'ﬂgoh FFB@PC er Iefbgﬁfﬂc?%ﬁp%ﬁ’res into one 25 packet. The server
transmts packets at regular intervals. A constant network transm ssion

delay is assuned, regardless of the packet size or any other factors.
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15 time and the defauli pre-decoder 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 paramsters (e.g. pre-decoder initial
buffering 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 pré-decoder buffering
capabilities to a source server and to enable it to receive media streams
requiring more demanding buffering capabilities than the default capabilities,
signaling 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
either one or both of the following parameters:

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

bytes)




noted that in a given stream ng systemthe default pre-decoder initial
buffering 15 time and the default pre-decoder buffer size may be defined
inmplicitly. In other words, the source server and streamng clients in the
network operate in such a way that certain default pre-decoder buffer
paranmeters (e.g. pre-decoder initial buffering tinme and / or pre-decoder
buffer size) are assunmed. In alternative enbodinments, explicit signaling
of the pre-decoder buffer paraneters is used. 20 In order to allow a
streamng client to signal its default pre-decoder buffering capabilities
to a source server and to enable it to receive nedia streans requiring

nore de dj feni ng | litl.es . than the default capabilities,
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ensure that over-flow of the pre-decoder buffer in the receiving client does not
occur and that all data chunks (e.g. frames) of the media data are available for
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 sighals its défault pre-decoder buffering parameters
{o 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 ferminal 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 paricular 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,




client. More specifically, the source server transmts the packet stream so
as to ensure that over-flow of the pre-decoder buffer in the receiving
client does not occur and that all data chunks (e.g. frames) of the nedia
data are available for 15 playback in the receiving client at their
schedul ed pl ayback tines. According to an advant ageous enbodi nent of the

i nvention, when a client termnal-idevice first establishes comunication
with a network server and starts to set up a stream ng session with the
server ﬁﬁ re uestlé\fn?g certain nedig 2 ontent to be streaned, it signals
its def ?ﬁogﬁcsﬁﬁ deineyes ihemreglepanerhulter parametqrs forgiven cliend expl ai ned
above, aeRpdi t i i ' ) evice may either

i ndi cate itsqudg?gu({&PhB@lg-%mye%nlﬁC@ﬁhgﬁﬁsrtr%%g{rmq]t@sﬁenrﬁhi mum pre- decoder
buffer size, or both the aforenentioned paraneters. In an alternative
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in the agyailabie tFEREMIRIGHBi-GR). Stream ng systenms, a streamng server is
provided with a plurality of pre-encoded nedia streans representing the
sane nedia content. Each of the pre-encoded streans is encoded with
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to be streane
15 has received an indication of the client terminal’s default pre-decoder initial

buffering time and / or its minimum pre-decoder bufier size, it informs the client
terminal, by means of signaling 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 default 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 ohe
of the 4 pre-encoded media streams for playback and adjusts its pre-decoder
25 initial buffering time and pre-decoder buifer size according to the corresponding
requirements of the chosen media stream, The adjustment within the client
terminal is preferably controlled by the MCU of the client ferminal. 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 ifs pre-
decoder initial buffering time or pre-decoder buffer size accordingly. In this

case, whichever parameter is not indicated is assigned a default value.




10 plurality different client term nal devices having different properties
and / or capabilities and / or via networks having different
characteristics (e.g. maxi mum available transm ssion bit-rate). According
to the advant ageous enbodi nent of the invention, once the server 15 has
received an indication of the client termnal's default pre-decoder initial
buffering time and / or its nininthpre-decoder buffer size, it inforns the
client termnal, by neans of signaling via the network, of the different
pre-encoded nedia streans it can provide. For exanple, if the server has 4
differently encoded nedia streams relating to the requested nedia content

and t he nt 20 h I ndj ca ed both its default pre-decoder initial
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streans, the client 30 termnal selects the nmedia stream'on that basis and
adj ust s tee raseiving aliept at theie sdwsiuladrmlayback Gweseri ng time or pre- decoder
buf f.er size accordingly. In this case, whichever paraneter is not
indicated is assigned a default value. -14 The client termnal then signals
its choiB;oeerradblim@tﬁea:!ishﬁeamnauotdesﬂsEs)amf-decmdt-zhmltlal Biff&ringitimge dosnl oad of the
medi a cqgntent .can, C nGe. IS .S fqrmsthes % inmplicitly
0F 't he. Pk PHSESGRIST PITE: Gies. 40 msthag Reqtiia e Soveipion esablebder but 1 er
si ze novevahaldoirBedilRe afll icdRbctyeraptdiflce #06HiS BABARS eTnE‘Sde‘cﬂnV%cﬁQ correctly
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way that they would not be capable of correct reproduction using the defau

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 adapied
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 currenily valid
pre-decoder buffering parameters, no adjusiments 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




described buffering algorithm so that overflow of the pre-decoder buffer
does not occur and all data chunks of the nedia data are avail able for

pl ayback in the receiving client at their schedul ed playback tines. 10 By
enabling the client terminal to adjust its pre-decoder initial buffering
time and / or pre-decoder buffer size, the nmethod according to the
invention enables the termnal toqgeceive and correctly reproduce nedia
streans encoded in such a way that they would not be capabl e of correct
reproduction using the default 15 pre-decoder buffer paraneters. According
to the moefplies edittentheddefined duffelimy | aly@ithimo nAdditiomally, e thike dogation ni ti al
buffering tinme and / .or pre-decoder buffer sjze in the ¢ljent are adapted
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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 skiiled in the art. It is therefore the intention that the following
claims not be given a restrictive interpretation but should be viewed io
encompass variations and modifications that are derived from the inventive

20  subject matter disclosed.




obtain information about the buffering capabilities of a given stream ng
client 5 and the encoded datal nedia transm ssion rate can be allowed to
vary within the limts of the receiver-side pre-decoder buffer. It should
be noted that a buffering verifier in a server can be used to ensure that
the transmtted packet stream conplies wth the receiver buffering
capabilities. This can be done, faqngexanple, by adjusting the transm ssion
times of packets fromthe server so that the 10 buffering capabilities of
the client's pre-decoder buffer are not exceeded. Alternatively, the
server rEbAIBE ust the way in which nedia data is encoded and packeti sed.
In practice, the buffering verifier can be a buffer running within the

server after . en r....15 Although the invention has been
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includes a goercdespaarprioddd Hecodisy intheadacatienlang vhdréinahe hufidisiei ng time and
a vari able buff si.ze re-decoder. buffer for receiving the

r . the
transmtted "HBQ'Z’“H&ER@E@%? g ryariaklg huffer sige wé the preciiecoger ing in the

decoger, angaiehshiaisdaiéd abi®ordvRl b ek he variabl e
buffer size of Y’?\e p?ewdeﬁ%ef&tl)uﬁ er @Q?Eéwg%/ﬁ%m c§%|b3qt£§§€?med for
i nproved pl &giigek performance by the client device.

2. A method according o claim 1 characterised in that the client device
submits a request to the source server {o set either one or both of the
15 initial buffering time and pre-decoder buffer size.

3. A method according to claim 1, characterised in that a default initial
buffering time and a default buffer size are defined for the pre-decoder
buffer.

20

4. A method according to claim 3, characterised in that the client device

signals either one or both of the default initial buffering time or the default

buffer size for the pre-decoder buifer to the source server.

25 5. A method according to any preceding claim, characterised in that the
variable initial buffering time of the pre-decoder buffer is adjusted by the
client device responsive to an indication of a required pre-decoder initial
buiffering time received from the source server.

30 6. A method according to any preceding claim, characterised in that the
variable buffer size of the pre-decoder buffer is adjusted by the client




2. A method according to claim1 characterised in that the client device
submts a request to the source server to set either one or both of the 15
initial buffering tinme and pre-decoder buffer size. 3. A nethod according
to claim1, characterised in that a default initial buffering time and a
default buffer size are defined for the pre-decoder buffer. 20 4. A nethod
according to claim3, characterlsegyin that the client device signals
either one or both of the default initial buffering tine or the default
buffer size for the pre-decoder buffer to the source server. 25 5. A nethod
accor di ng t devies respeneiie rig anl indicptiohaf acequireskdre-decodat buffer sizear i abl e

initial bufferi i of .the pre-decoder buffer is adjusted by the client
devi ce respg‘??lcseﬁ‘@g f{o 19 gqec%e?\'%'n of a required pre-decoder initial :

buffering time received fromthe source server, 30 6. A nethod according to
any preceding claim characterised in that the variable buffer size of the

pr e- decdder Aplethgd ascydingsiceamppreqeding rclaie, chavagtarised inethebrsi ve to an
i ndi gati on : e 8 [Toc) buf f.er .5l acel r t he source
ser vgr. 7. Rrurl;éit gﬁ%@%ﬁ?ﬁ%ﬁ% to gﬁétapé%cagfgflﬁddég? 8%'%%%?;*@?%‘%“{%;} sed in that
a- 5 plural eagh of sajd pluealitoéf copics ofditd medat databeing chatastdrieed by si d sour ce

server, each of said plurali .0of copies. of the.nedia data bei ng

char act er i Sge@sLyngtpar¥@§§{ '@%"%%Pgﬁefteawf‘?c{]awﬁw \?g R p?"&"e‘i?ﬁlrer ed property
of the pre- dafigdathe blight geviee) the client device. 10 8. A nethod according
to any preceding claim characterised in that said at |east one paraneter
i ndicative of a required property of the pre-decoder buffer is transmtted

frompsaigd s : j | i : rding to
L o 8 Ao ol b o hradlndud i 62650
least one parameter indicative of a required property of the pre-decoder

buffer is transmitted from said source server 1o said client device,

9. A method according to claim 8, characterised in that said at least one

15 parameter indicative of a required property of the pre-decoder buffer is
transmitted from said source server to said client device during
establishment of a streaming data connection between said source server

and said client device for streamed download of said media daia.

20 10. A method according to claim 8 or 9, characterised in that said at least
one parameter indicative of a required propenty of the pre-decoder buffer
is selected from a group including: a required pre—deboder initial buffering
time, a required pre-decoder buffer size, or both a required pre-decoder
initial buffering time and a required pre-decoder buffer-size.

25

11. A method according to claims 5 and 6, characterised in that the dynamic
adaptation is an adaptation performed by the client device responsive to a
signal from the source server.




15 paraneter indicative of a required-property of the pre-decoder buffer is
transmtted fromsaid source server to said client device during
establishment of a stream ng data connection between said source server

and said client device for streaned downl oad of said nedia data. 20 10. A
met hod according to claim8 or 9, characterised in that said at |east one
paraneter indicative of a requirediproperty of the pre-decoder buffer is
selected froma group including: a required pre-decoder initial buffering
time, a required pre-decoder buffer sjze, or both a required pre-decoder

initial 18uf feMefiiPd precrding 1B Ay pIrecading: elairec shavackerigast insithes. a 25 11. A
nmet hod accoggds 1 : r i Ln t h ynam ¢
adapt ati on ?gﬁégﬂwgta?ell@@?ﬁAépwo?%gagyggﬁééc?’?&ﬁt i e\t}i% hter&r Z@%onsi ve to a
si gnal frontrehamissioned sgidrdata pad®isl2. A net hod according to any preceding
claim characterised in that a buffering algorithmis used in said source
server to control the transm ssion of said data packets. 5 13. A nethod

accorsdi ng. t & aletidd adcordingrivcsigim 924 charddiafisediin! thaf §§ﬂiﬂlﬁf]§ri gorithm

causes the source server to adjust the transmssion tines o ata packets

fromthe so@laosthse causes e peUIEE isehter de\adiust the transmissipodiimes @f di ng t o
claim12, c [ ! | J : algorithmverifies that
the transm ?gfﬁécgfis?%k%a%dﬁ)eagﬁg%stgﬁ%ﬁlﬁnﬁge\g%%r ce is in accordance with
the variable initial buffering tinme and variable buffer size of the

-d buf fer. i id client ice. 15. A, d . di ng t
P eeag: WL DT, aPodrilod: BobBi, 5 hatacatsed 18 thaosad, bafenhgy (o o
I mpl ent ed aiggjriiH?ﬁ verified tihatetheCRansPis AW &F SHiE At Puckas atad tHs! ay

variations. 16. A nethod according to any preceding claim characterised in
t hat t he source is in accordance with the variable initial buffering time and variable

buffer size of the pre-decoder buffer in said client device.

15. A method according to any preceding claim, characterised in that a post-
15 decoder buffer is implemented in the client device to reduce decoding-
related delay variations.

16. A method according to any preceding claim, characterised in that the

media data is transmitted to a wireless client device via a wireless daia

20 network such as GPRS (General Packet Radio Setvice) or UMTS
(Universal Mobile Telecommunications System).

17. A method according to any preceding claim, characterised in the media
data is transmitied to a wireless client device, wherein said network
25  includes a wireless network, said wireless network being selected from a
group comprising: a GPRS (General Packet Radio Service) wireless
network and a UMTS (Universal Mobile Telecommunications System).

18. A system for streaming media data by transmitting a plurality of data
30 packets, the system includes:
- a source server hosting said media data;




nedia data is transmtted to a wireless client device via a wireless data
20 network such as GPRS (General Packet Radio Service) or UMIS (Universal
Mobi | e Tel econmruni cati ons Systen). 17. A method according to any precedi ng
claim characterised in the nedia data is transmtted to a wireless client
device, wherein said network 25 includes a wirel ess network, said wireless
network being selected froma groyg-conprising: a GPRS (Ceneral Packet
Radi o Service) wireless network and a UMIS (Universal Mbile

Tel econmuni cati ons Systenm). 18. A systemfor stream ng nedia data by
transm tt i ngaaeprark seiving ag a transmission paediendor sdidatagaeketsaridudes: - a

source server hostjng said nedia data;,-19 a network serving .as a
transm Ssi onar‘fﬁ%ﬁsttflrﬁ"?’(?rcagawa 033%5'@%5@?@ @ﬁ@aéﬁfz} é‘é?f@ct?é\ﬁggé"capabl e of
pl ayi ng backihadighidEinfdedédinel@egct erised in that said client device

I ncludes: a pre-decoder buffer for receiving said transnitted data packets
from 5-sai dadyardesodey heffer iog regaiving seitbirrnynitigd slata peskete frasuf f er havi ng
a variable Lpjtd i i : I & lze: _a decoder
for gecodi nggﬁﬁeéoﬁé?%%%%ig[&gsélgI)Wn%h?ﬁ% %‘é%%%gggdr&%';@gr@bﬁgn% means for
dynam cal | y wvarigbié injial baifaringitime and aivaiialble bufférsizeyg ti me and the 10

vari abl e buffeyr si,ze.of ,the. pre-decoder, Quffer for inprove | ayback
pﬁrfor{nin_ce 2 _eccﬁtgirchrteqfcog'@?itﬁgi:%i?.palﬁk§§sf[°é'?nt'§%9fﬁ"g%9&ef u@i'éi mI 18E |
characterisegdnyn tha e networ includes a wirel ess network sel ecte
froma group conprising: a GPRS 15 %Gene_ral Packet Radio Service) wreless
net wor k ~and EeaRF fpy dynanically adapting the vedplledmiial huffating fimegyeitbay . 20. A

systgm accor ghnghi GueRisel 8 1 Praabesdet Blittd? foP FnpidVed btk devi ce is

performance by the client device.

18. A system according to claim 18, characterised in that the network

includes a wireless network éelected from a group comprising: a GPRS

15 (General Packet Radio Service) wireless network and a UMTS (Universal
Mobile Telecommunications System).

20. A system according to claim 19, characterised in that the client device is
a wireless terminal compatible for data packet use by said wireless
20 system.

21. A system according to claim 18 or 19, characterised in that a buffering
algorithm is implemented in the source server for ensuring that the data
packets are transmitied at a rate that complies with the buffering

25 capabilities of the client device.

22. A client device for receiving a plurality of data packets transmitted over a
network from a source setver, characterised in that it includes:
- a pre-decoder buffer for receiving said transmitted data packets from said
30 source server via the network said pre-decoder buffer having a variable
initial buffering time and a variable buffer size;




a wreless termnal conpatible for data packet use by said wreless 20
system 21. A systemaccording to claim18 or 19, characterised in that a
buffering algorithmis inplenented in the source server for ensuring that
the data packets are transmitted at a rate that conplies with the
buffering 25 capabilities of the client device. 22. A client device for
receiving a plurality of data packeps transmtted over a network froma
source server, characterised in that it includes: - a pre-decoder buffer
for receiving said transmtted data packets fromsaid 30 source server via
t he net wor kasigcadgrfer deasgingrthe datagpackets fram thevpreidebbder tiuffetiaald buf f eri ng

time and a i : S| Ze: - 0 decodi n he data
packets f roﬁe{aﬁgqéf%fé@g%grdcﬁgw%ﬁ% g?{%%?%g‘ﬁﬁég%"" ;C/tﬁ%‘?rlé‘gglttip?/ adapti ng
the vari abl eafidblé i Riffeb udizee of nhet preedcvndet Daffer 46 bevét l@bask ze of the
pre-decoder buyffer faqr jnproved playback performance by the client device.
5 23. AcliEf Owcég?yéb%ﬁﬁﬁtﬂ@v'g% claim?22, characterised in that it is
selegted froma group including: a wireless termnal, a desktop conputer,
a laptop conputer. '

23. A client device according to claim 22, characterised in that it is selected

from a group including: a wireless terminal, a deskiop computer, a laptop
computer.




