1 Resizing of buffer in encoder and decoder Field of the Invention 5 The
present invention relates to a nethod for buffering encoded pictures, the
met hod i ncludi ng an encoding step for form ng encoded pictures in an
encoder, a transmission step for transmtting said encoded pictures to a
decoder, a decoding step for decoding the encoded pictures for formng 10
decoded pictures, and rearrangi ng step fir arrangi ng the decoded pictures
in decoding order. The invention also relates to a system transmtting
device, receiving device, an encoder, a decoder, an electronic device, a
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15 Background of the Invention

Published video coding standards include ITU-T H.261, ITU-T H.263, ISO/IEC
MPEG-1, ISO/IEC MPEG-2, and ISO/IEC MPEG-4 Part 2. These standards
are herein referred to as conventional video coding standards.

20
Video communication systems

Video communication systems can be divided into conversational and non

conversational systems. Conversational systems include video conferencing
25 and video telephony. Examples of such systems include ITU-T

Recommendations H.320, H.323, and H.324 that specify a video

conferencing/telephony system operating in ISDN, IP, and PSTN networks

respectively. Gonversational systems are characterized by the intent to

minimize the end-to-end delay (from audio-video capture to the far-end audio-
30  video presentation) in order to improve the user experience.

Non-conversational systems include playback of stored content, such as

Digital Versatile Disks (DVDs) or video files stored in a mass memory of a

playback device, digital TV, and streaming. A short review of the most
35  important standards in these technology areas is given below.



whi ch includes specifications for video conpression, audi 0o conpression,
storage, and transport. The storage and transport of coded video is based
on the concept of an elenentary stream An elenentary stream consists of
coded 5 data froma single source (e.g. video) plus ancillary data needed
for synchronization, identification and characterization of the source

I nformation. An elenentary streamis pagketized into either
constant-length or variable- length pacKets to forma Packetized El enmentary
Stream (PES). Each PES packet consists of a header foll owed by stream data
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di fferent Mac{ORIPE ated H.26L. The goal of the JVT standardization is to release the
20 same standard text as ITU-T Recommendation H.264 and ISO/AEC
International Standard 14496-10 (MPEG-4 Part 10). The draft standard is
referred to as the JVT coding standard in this paper, and the codec according
to the draft standard is referred to as the JVT codec.

25 The codec specification itself distinguishes conceptually between a video
coding layer (VCL), and a network abstraction layer (NAL). The VCL contains
the signal processing functionality of the codec, things such as transform,
quantization, motion search/compensation, and the loop filter. It follows the
general concept of most of today's video codecs, a macrobiock-based coder

30 that utilizes inter picture prediction with motion compensation, and transform
coding of the residual signal. The output of the VCL are slices: a bit string that
contains the macroblock data of an integer number of macroblocks, and the
information of the slice header (containing the spatial address of the first
macroblock in the slice, the initial quantization parameter, and similar).

35 Magcroblocks in slices are ordered in scan order unless a different macroblock



3 allocation is specified, using the so-called Flexible Mcrobl ock
Ordering syntax. In-picture prediction is used only within a slice. The
NAL encapsul ates the slice output of the VCL into Network Abstraction 5
Layer Units (NALUs), which are suitable for the transm ssion over packet
networks or the use in packet oriented nultiplex environnents. JVT's Annex
B defines an encapsul ation process to transmt such NALUs over byte-stream
oriented networks. 10 The opti onal ref erence pi cture sel ection node of

H 263 and the NEWPRED coding tool of MPEG 4 Part 2 enable selection of the
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appropriate for the purpose. The conbi nati on of the higher
Reference picture selection enables many types of temporal scalability

schemes. Figure 1 shows an example of a temporal scalability scheme, which

is herein referred fo as recursive temporal scalability. The example scheme
20 can be decoded with three constant frame rates. Figure 2 depicts a scheme

referred to as Video Redundancy Coding, where a sequence of pictures is

divided into two or more independently coded threads in an interleaved

manner. The arrows in these and all the subsequent figures indicate the

direction of motion compensation and the values under the frames correspond
25  to the relative capturing and displaying times of the frames.

Parameter Set Concept

One very fundamental design concept of the JVT codec is to generate self-
30 contained packets, to make mechanisms such as the header duplication
unnecessary. The way how this was achieved is to decouple information that
is relevant to more than one slice from the media stream. This higher layer
meta information should be sent reliably, asynchronously and in advance from
the RTP packet stream that contains the slice packets. This information can
35 also be sent in-band in such applications that do not have an out-of-band
transport channel appropriate for the purpose. The combination of the higher



4 level paraneters is called a Paraneter Set. The Paraneter Set contains
I nformati on such as picture size, display w ndow, optional coding nodes
enpl oyed, nacrobl ock allocation nmap, and others. 5 In order to be able to
change picture paraneters (such as the picture size), wthout having the
need to transmt Paraneter Set updates synchronously to the slice packet
stream the encoder and decoder can naigéain alist of nore than one
Paraneter Set. Each slice header contai a codeword that indicates the
Paraneter Set to be used. 10 This nmechanismallows to decouple the

Lransmi ssi on Blolt BeaRRATEECLaISE! & pdhABld NSoPatkePaRiidasepREniaranS I ¢

them by externa [ it change,
or through a INFsREeN Sugh %mpé?tll”gbﬁ'é? Q@H[qy W'"dﬁ}"’otquBPg] ‘?d' %qef'@n be
possi bl e t hat empleyediahacreblock Elicoation ttapdabdibthere fixed 15 by an
application design specification. Tr ansm' ssi on order I n conventional video
codi ng standards, the decodj ng order BI ctures |is 20, i{ame. as the

di spl ay oPder Nedepto peadIs 15 %nlgésP‘CtWeo E‘qt‘?fse{s‘é%éﬁmq BigHre I§'Zef1i cture
can be bi-di rethourmaling the meed db knanpmié Racamdielr ISenupaates afpeleonaishypioct ur es,
wher e one 1 ef fQ6E pBbilUirBah v BRAICR! Lo REESEH! G AR08 19} Rfore

reference picture’l succeedl ng dis

| atest ref er ®@8eOps c'?%fﬁ@‘eﬁf §§Eogﬁ% %‘Fﬁe?e"@fﬁ %fﬁ%@é%dﬁtw%mm (,I{‘ﬁtre in
di spl ay or derindka{e@the Parameter Sektolteaesidtdcodi ng in H. 263 where both field
picturesq4gf a tenporally subsequent reference frane can precede a B

picture in decoding order A conventi gnal %ﬁ\'@ cturg agnot he gsed as a
ref erence pi ctUgdnedanism sifo gdeerinie fentrangiyssing Ca it EARRIRV Rt onal B
pi cture can bgogithp @acket stiehing ahd afahewttithgmtbyeexdernadinegnsfe.qurgs atsider

pi ctures. 30 Wrlop rd | the I chni cal
f eat ures corr%?gér‘céé)wmc %ﬂ't‘?%@;@&g ngH %%é 61@ drgwrée‘%b@%hﬁ)leres i s
decoupl ed froiotassl-di @y &\yera)baérross'b*ﬁﬁeabﬁhewﬁbnﬁ‘{ﬁ% @égh’é?dédl ng
order and5t hebpaebpplitadondesign specification.

Transmission crder

In conventional video coding standards, the decoding order of pictures is the
20 same as the display order except for B pictures. A block in a conventional B
picture can be bi-directionally temporally predicted from two reference
pictures, where one reference picture is temporally preceding and the other
reference picture is temporally succeeding in display order. Only the latest
reference picture in decoding order can succeed the B picture in display order
25 (exception: interlaced coding in H.263 where both field pictures of a
temporally subsequent reference frame can precede a B picture in decoding
order). A conventional B picture cannot be used as a reference picture for
temporal prediction, and therefore a conventional B picture can be disposed
without affecting the decoding of any other pictures.
30
The JVT coding standard includes the following novel technical features
compared to earlier standards:
- The decoding order of pictures is decoupled from the display order.
The picture number indicates decoding order and the picture order
35 count indicates the display order.



35 count indicates the display order. 5 Reference pictures for a block in
a B picture can either be before or after the B picture in display order.
Consequently, a B picture stands for a bi-predictive picture instead of a
bi-directional picture. Pictures that are not used as reference pictures
are marked explicitly. 5 A picture of any type (intra, inter, B, etc.) can
either be a reference picture or a non-reference picture. (Thus, a B
picture can be used as a reference picture for tenporal prediction of
other pictures.) A picture can contain slices that are coded with a
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20  Compression efficiency is potentially improved compared to conventional
coding, because the reference pictures for pictures B18 are temporally closer
compared to conventional coding with PBBP or PBBBP coded picture
patterns. Compression efficiency is potentially improved compared to
conventional PBP coded picture pattern, because part of reference pictures

25  are bi-directionally predicted.

Figure 4 presents an example of the intra picture postponement method that
can be used to improve error resiliency. Conventionally, an intra picture is
coded immediately after a scene cut or as a response to an expired intra
30 picture refresh period, for example. In the intra picture postponement method,
an intra picture is not coded immediately after a need to code an intra picture
arises, but rather a temporally subsequent picture is selected as an intra
picture. Each picture between the coded intra picture and the conventional
location of an intra picture is predicted from the next temporally subsequent
35 picture. As Figure 4 shows, the intra picture postponement method generates
two independent inter picture prediction chains, whereas conventional coding



| ocation of an intra picture is predicted fromthe next tenporally
subsequent 35 picture. As Figure 4 shows, the intra picture postponenent
nmet hod generates two independent inter picture prediction chains, whereas
conventional coding 6 algorithnms produce a single inter picture chain. It
Is intuitively clear that the two-chain approach is nore robust against
erasure errors than the one-chain conventional approach. If one chain
suffers froma packet |oss, the other ¢hai n may still be correctly
received. In conventional coding, a packet |loss 5 always causes error
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networks where the end-to-end latency varies, the second use of DTS plays
no or little role. Instead, received data is decoded as fast as possible provided
20  thatthere is room in the post-decoder buffer for uncompressed pictures.

Carriage of DTS depends on the communication system and video coding
standard in use. In MPEG-2 Systems, DTS can optionally be transmitted as
one item in the header of a PES packet. In the JVT coding standard, DTS can

25  optionally be carried as a part of Supplemental Enhancement Information
(SEI), and it is used in the operation of the optional Hypothetical Reference
Decoder. In 1SO Base Media File Format, DTS is dedicated its own box type,
Decoding Time to Sampie Box. In many systems, such as RTP-based
streaming systems, DTS is not carried at all, because decoding order is

30 assumed to be the same as transmission order and exact decoding time does
not play an important role.

H.263 optional Annex U and Annex W.6.12 specify a picture number that is
incremented by 1 relative to the previous reference picture in decoding order.
35 In the JVT coding standard, the frame number coding element is specified
similarly to the picture number of H.263. The JVT coding standard specifies a



H. 263 optional Annex U and Annex W6. 12 specify a picture nunber that is

I ncrenmented by 1 relative to the previous reference picture in decoding
order. 35 In the JVT coding standard, the frame nunber coding elenent is
specified simlarly to the picture nunber of H 263. The JVT codi ng standard
specifies a 7 particular type of an intra picture, called an instantaneous
decoder refresh (IDR) picture. No subsequent picture can refer to pictures
that are earlier than the IDR picture ifh decoding order. An IDR picture is
often coded as a response to a scene change. In the JVT coding standard,
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The H.263 picture number or JVT frame number of a non-reference picture is
specified to be equal to the picture or frame number of the previous reference

20 picture in decoding order plus 1. If several nonreference pictures are
consecutive in decoding order, they share the same picture or frame number.
The picture or frame number of a non-reference picture is also the same as
the picture or frame number of the following reference picture in decoding
order. The decoding order of consecutive non-reference pictures can be

25 recovered using the Temporal Reference (TR) coding element in H.263 or the
Picture Order Count (POC) concept of the JVT coding standard.

A presentation timestamp (PTS) indicates the time relative to a reference
clock when a picture is supposed to be displayed. A presentation timestamp is

30 also called a display timestamp, output timestamp, and composition
timestamp.

Carriage of PTS depends on the communication system and video coding
standard in use. In MPEG-2 Systems, PTS can optionally be transmitted as
35  one item in the header of a PES packet. In the JVT coding standard, PTS can
optionally be carried as a part of Supplemental Enhancement Information



ti mestanp. Carriage of PTS depends on the comuni cation system and vi deo
coding standard in use. In MPEG 2 Systens, PTS can optionally be
transmtted as 35 one itemin the header of a PES packet. In the JVT
codi ng standard, PTS can optionally be carried as a part of Suppl enent al
Enhancenent Information 8 (SEl), and it is used in the operation of the
Hypot heti cal Reference Decoder. In |ISO Base Media File Format, PTS is
dedi cated its own box type, Cbnp05|t|oﬁ3T|ne to Sanpl e Box where t he
presentation timestanp is coded relative to the correspondi ng decodi ng
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A multimedia streaming system consists of a streaming server and a number
of players, which access the server via a network. The neiwork is typically
20 packet-oriented and provides little or no means io guaranteed quality of
service. The players feich either pre-stored or live multimedia content from the
server and play it back in reatime while the content is being downloaded.
The type of communication can be either point-to-point or multicast. h point-
to-point streaming, the server provides a separate connection for each player.
25 In multicast streaming, the server transmits a single data stream to a number
of players, and network elements duplicate the stream only if it is necessary.

When a player has established a connection to a server and requested for a
multimedia stream, the server begins to transmit the desired stream. The

30 player does not start playing the stream back immediately, but rather it
typically buffers the incoming data for a few seconds. Herein, this buffering is
referred to as initial buffering. Initial buffering helps to maintain pauseless
playback, because, in case of occasional increased transmission delays or
network throughput drops, the player can decode and play buffered data.

35



30 player does not start playing the stream back i medi ately, but rather it
typically buffers the incom ng data for a few seconds. Herein, this
buffering is referred to as initial buffering. Initial buffering helps to
mai nt ai n pausel ess pl ayback, because, in case of occasional increased
transm ssion del ays or network throughput drops, the player can decode and
play buffered data. 35 9 |In order to avoid unlimted transm ssion del ay,

it is uncommon to favor reliable transébrt protocols in streanm ng systens.
I nstead, the systens prefer unreliable transport protocols, such as UDP,
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sanpling ti me?" eac pac conveys ormati on about how
| arge a pbrtiemruptiopaclesss were correctly received, and, therefore, it can
be used for flow control purposes. Transmi ssion errors 15 There are two

mai n types of Iéﬁ.%an%wwpogm?&{a%r an rﬂ)%"?%éﬁ Bhttosr&qﬁpa{gd‘wgggkﬁéa]_t,%rors

Bit errors ar ssoma CUI t-SWwi t channel, such
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20 Such erfectio t 0 d
bi t udeI 11 on® |aﬁls?ff"%ﬁsn%1y§%§§wc§% ﬁlnﬂet ac etW'@\r/Sgo?'g [gécge?' F{Ingff‘ch segnby
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become congeglefsiore, it @an bl UdBY fdkdlowt omtrispyrppeessket s as i nput and cannot
output them at the same rate. In this situation, its buffers overflow, and
sone packets get 25 | ost. Packet duplication and packet delivery in

di fferent ordéranstnigsioneiisditted are al so possible but they are typically
consi derqg to be | ess common than packet |osses. Packet errors nay also be

caused by t heThgrgl a6 W n‘% i Pyp%g oE ngnsmission errors, namely bit errors and packet

errors. Bit errors are typically associated with a circuit-switched channel, such

as a radio access network connection in mobile communications, and they are

caused by imperfections of physical channels, such as radio interference.

20  Such imperfections may result into bit inversions, bit insertions and bit

deletions in transmitted data. Packet errors are typically caused by elements

in packet-switched networks. For example, a packet router may become

congested; i.e. it may get too many packets as input and cannot output them

at the same rate. In this situation, its buffers overflow, and some packets get

25  |ost. Packet duplication and packet delivery in different order than transmitted

are also possible but they are typically considered to be less common than

packet losses. Packet errors may also be caused by the implementation of the

used transport protocol stack. For example, some protocols use checksums

that are calculated in the trarsmitter and encapsulated with source-coded

30 data. If there is a bit inversion error in the data, the receiver cannot end up
into the same checksum, and it may have to discard the received packet.

Second (2G) and third generation (3G) mobile networks, including GPRS,
UMTS, and CDMA-2000, provide two basic types of radio link connections,
35 acknowledged and non-acknowledged. An acknowledged connection is such
that the integrity of a radio link frame is checked by the recipient (either the



used transport protocol stack. For exanple, some protocols use checksuns
that are calculated in the transmtter and encapsul ated with source-coded
30 data. If there is a bit inversion error in the data, the receiver cannot
end up into the sane checksum and it may have to discard the received
packet. Second (2G) and third generation (3G nobile networks, including
GPRS, UMIS, and CDMA-2000, provide two basic types of radio |ink
connections, 35 acknow edged and non- ackow edged. An acknow edged
connection is such that the integrity of a radio link frame is checked by
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st andar di ze aviged eequerser et ransm ssi on request nechanismas a part of
RTCP. A gqgmmon feature for all of these retransm ssion request protocols is

st héhﬁét wor S35 2 Hr bt Ao ek ndte, § oy, PBaL BN it ver s
mul ticast st r edn@Enagission. Because of the initial buffering, the retransmltted packet may
be received before its scheduled playback time. Some commercial Internet
streaming systems implement retransmission requests using proprietary
20 protocols. Work is going on in |ETF to standardize a selective refransmission
request mechanism as a part of RTCP.

A common feature for all of these retransmission request protocols is that they
are not suitable for multicasting to a large number of players, as the network

o5  fraffic may increase drastically. Consequently, multicast streaming
applications have to rely on norvinteractive packet loss control.

Poini-to-point streaming systems may also benefit from norrinteractive error
control techniques. First, some systems may not contain any interactive error
30 control mechanism or they prefer not to have any feedback from players in
order to simplify the system. Second, retransmission of lost packets and other
forms of interactive error controi typically take a larger portion of the
transmitted data rate than non-interactive error control methods. Streaming
servers have to ensure that interactive error control methods do not reserve a
35 major portion of the available network throughput. In practice, the servers may
have to limit the amount of interactive error control operations. Third,



applications have to rely on non-interactive packet |oss control.

Poi nt-to-point stream ng systens nay al so benefit from non-interactive
error control techniques. First, sone systens nay not contain any
interactive error 30 control mechanismor they prefer not to have any
feedback fromplayers in order to sinplify the system Second,

retransm ssion of | ost packets and other forms of interactive error
control typically take a |arger portion 1%t the transnitted data rate than
non-interactive error control methods. Streaming servers have to ensure
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recover the decoding order based

20 In conventional video coding standards, the decoding order is coupled with
the output order. In other words, the decoding order of | and P pictures is the
same as their output order, and the decoding order of & B picture immediately
follows the decoding order of the latter reference picture of the B picture in
output order. Consequently, it is possible to recover the decoding order based

25 on known output order. The output order is typically conveyed in the
elementary video bitstream in the Temporal Reference (TR) field and also in
the system multiplex layer, such as in the RTP header. Thus, in conventional
video coding standards, the presented problem did not exist.

30  One solution that is evident for an expert in the field is fo use a frame counter
similar to H.263 picture number without a reset to 0 at an IDR picture (as done
in the JVT coding standard). However, some problems may occur when that
kind of solutions are used. Fig. 5a presents a situation in which continuous
numbering scheme is used. If, for example, the IDR picture 137 is lost (can not

35 be received/decoded), the decoder continues to decode the succeeding
pictures, but it uses a wrong reference picture. This causes error propagation



25 on known output order. The output order is typically conveyed in the

el enmentary video bitstreamin the Tenporal Reference (TR) field and also in
the systemnultiplex |ayer, such as in the RTP header. Thus, in
conventional video coding standards, the presented problemdid not exist.
30 One solution that is evident for an expert in the field is to use a
frame counter simlar to H 263 picture nunber without a reset to 0 at an

| DR picture (as done in the JVT codingldtandard). However, sone problens
may occur when that kind of solutions are used. Fig. 5a presents a
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t he next franffamgiiereceyedapesiereded fromthe corrupted frame is received

and decoded. 10 Sub-sequences The JVT codi ng standard al so includes a

sub-sequgbce ﬁﬁ)!n_cegtE égl ch can enhance tenporal scalability conpared to
t he use no picture so that inter-predicted chains of

pi ctures can be disposed as a whole without 15 affecting the decodability
of the rest ofrhéRETCOAY Stah@ad aldo Fidhudee G Slis-eedienze@incoft, edibddcan ct ur es
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sub- sequance pfledtmythe Betiitbhity laRe@ad of tHedileadeehiny of any other
sub-sequences and previous long-termreference pictures. Fig. 6a discloses

an exanple of a picture stream containing sub- sequences at |ayer 1.
A sub-sequence is a set of coded pictures within a sub-sequence [layer. A

picture shali reside in one sub-sequence layer and in one sub-sequence only.
A sub-seguence shall not depend on any other sub-sequence in the same or

20 in a higher sub-sequence layer. A sub-sequence in layer 0 can be decoded
independently of any other sub-sequences and previous long-term reference
pictures. Fig. 6a discloses an example of a picture stream containing sub-
sequences at layer 1.

25 A sub-sequence layer contains a subset of the coded pictures in a sequence.
Sub-sequence layers are numbered with non-negative integers. A layer
having a larger layer number is a higher layer than a layer having a smaller
layer number. The layers are ordered hierarchically based on their
dependency on each other so that a layer does not depend on any higher

30 layer and may depend on lower layers. In other words, layer 0 is
independently decodable, pictures in layer 1 may be predicted from layer 0,
pictures in layer 2 may be predicted from layers 0 and 1, etc. The subjective
quality is expected to increase along with the number of decoded layers.

35  The sub-sequence concept is included in the JVT coding standard as follows:
The required_frame_num_update_behaviour_flag equal to 1 in the sequence



25 A sub-sequence | ayer contains a subset of the coded pictures in a
sequence. Sub-sequence | ayers are nunbered with non-negative integers. A

| ayer having a larger |layer nunber is a higher layer than a | ayer having a
smaller layer nunber. The |ayers are ordered hierarchically based on their
dependency on each other so that a | ayer does not depend on any hi gher 30

| ayer and may depend on | ower |ayers. In other words, layer 0 is
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resides in a belbngsquence vvhose first picture in decoding

Each IDR picture contains an identifier {dr_pic_id). If two 1DR pictures are
20  consecutive in decoding order, without any intervening picture, the value of
idr_pic_id shall change from the first IDR picture to the other one. If the
current picture resides in a sub-sequence whose first picture in decoding
order is an IDR picture, the value of sub_seq_id shall be the same as the
value of idr_pic_id of the IDR picture.
25
The solution in JVT-D093 works correctly only if no data resides in sub-
sequence layers 1 or above. If transmission order differs from decoding order
and coded pictures resided in sub-sequence layer 1, their decoding order
relative to pictures in sub-sequence layer 0 could not be concluded based on
30 sub-sequence identifiers and frame numbers. For example, consider the
following coding scheme presented on Fig. 6b where output order runs from
left to right, boxes indicate pictures, capital letters within boxes indicate coding
types, numbers within boxes are frame numbers according to the JVT coding
standard, underiined characters indicate non-reference pictures, and arrows
35 indicate prediction dependencies. If pictures are transmitied in order 10, P1,



order is an IDR picture, the value of sub_seq_id shall be the sane as the
value of idr_pic_id of the IDR picture. 25 The solution in JVT-D093 works
correctly only if no data resides in sub- sequence layers 1 or above. If
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data. I niti al indepedent GOR AP Prd’issi on is 20 established, a client does

not startjspl aying the stream back i medi ately, but
Buffering

Streaming clients typically have a receiver buffer that is capable of storing a
relatively large amount of data. Inifially, when a streaming session is
20 established, a client does not start playing the stream back immediately, but
rather it typically buffers the incoming data for a few seconds. This buffering
helps to maintain continuous playback, because, in case of occasional
increased transmission delays or network throughput drops, the client can
decode and play buffered data. Otherwise, without initial buffering, the client
25  has to freeze the display, stop decoding, and wait for incoming data. The
buffering is also necessary for either automatic or selective retransmission in
any protocol level. If any part of a picture is lost, a retransmission mechanism
may be used to resend the lost cata. If the retransmitted data is received
before its scheduled decoding or playback time, the loss is perfectly
30 recovered.

Coded pictures can be ranked according to their importance in the subjective
quality of the decoded sequence. For example, nonreference pictures, such
as conventional B pictures, are subjectively least important, because their
35 absence does not affect decoding of any other pictures. Subjective ranking
can also be made on data partition or slice group basis. Coded slices and



rather it typically buffers the incomng data for a few seconds. This
buffering helps to maintain continuous playback, because, in case of
occasional increased transn ssion delays or network throughput drops, the
client can decode and play buffered data. O herw se, without initial
buffering, the client 25 has to freeze the display, stop decoding, and wait
for incomng data. The buffering is also necessary for either automatic or
sel ective retransm ssion in any protocbﬁ | evel. If any part of a picture
is lost, a retransm ssion nechanism nay be used to resend the | ost data.
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partitions ubjectively the | east inportant can be sent |ater
than their natural coding order indicates. Consequently, any retransmtted

parts of the prsibeddenBoférit slice and data partitions are nore likely to
be recei Sd before their schedul ed decodi ng or playback tinme conpared to

the | east inportant slices and data Far,t I tions. Pre-Decoder cgufferi ng 10
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mul ti medi a syteless, e.g., in | P-based video conferencing systens,

di fferenggtypes of nmedia are normally carried in

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 that cannot guarantee a constant transmission delay, but rather

20  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 not be the same as their
presentation interval (in terms of time). Thus, in order to maintain playback
synchronization between different media types and to maintain the correct

25  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 a buffer component is referred as a delay jitter buffer.
Buffering can take piace before and/or after media data decoding.

30 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 larger than in conversational applications. When a
streaming player has established a connection to a server and requested a
multimedia stream o be downloaded, the server begins to transmit the
35 desired stream. The player does not start playing the stream back
immediately, but rather it typically buffers the incoming data for a certain



separate packets. Moreover, packets are typically carried on top of a best-
effort network that cannot guarantee a constant transm ssion del ay, but

rat her 20 the delay may vary from packet to packet. Consequently, packets
having the sane presentation (playback) time-stanp nmay not be received at
the sane tinme, and the reception interval of two packets may not be the
sane as their presentation interval (in terns of tine). Thus, in order to
mai nt ai n pl ayback synchronization bet wed® different media types and to

mai ntain the correct 25 playback rate, a multinedia termnal typically
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stream The player t he stream bac I mredi atel y, but
rather it typuweﬂylesmre%t t he i ncom ng data for a certain 16 period,
typically a few seconds. Herein, this buffering is referred to as |n|t|al
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achieved in conversational systens: it allows the data rate of the nedia
transmtted fromthe server to vary. In other words, nedia IEeackets can be
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the data quality is desired, the bitrate of the resulting compressed bit-stream varies.
20  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 conferencing system.

25 Second, it is commonly known that packet losses in fixed IP networks occur in
bursts. In order to avoid bursty errors and high peak bit- and packet-rates,
welldesigned streaming servers schedule the transmission of packets
carefully. Packets may not be sent precisely at the rate they are played back
at the receiving end, but rather the servers may try to achieve a steady

30 interval between transmitted packets. A server may also adjust the rate of
packet transmission in accordance with prevailing network conditions,
reducing the packet transmission rate when the network becomes congested
and increasing it if network conditions allow, for example.

35



15 rate may originate fromtwo sources. First, the conpression efficiency
achi evable in sone nedia types, such as video, depends on the contents of
the source data. Consequently, if a stable quality is desired, the
bit-rate of the resulting conpressed bit-streamvaries. 20 Typically, a
stabl e audi o-visual quality is subjectively nore pleasing than a varying
quality. Thus, initial buffering enables_a nore pleasing audio-visual
quality to be achieved conpared with a i@sten1mﬁthout initial buffering,
such as a video conferencing system 25 Second, it is comonly known that
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nodel . a decoded picture buffer for storing decoded reference pictures ang for

reordering decoded pictures in display order. The HRD moves data between
the buffers similarly to the decoder of an decoding device does. However, the
20 HRD need not decode the coded pictures entirely nor output the decoded
pictures, but the HRD only checks that the decoding of the picture siream can
be performed under the constraints given in the coding standard. When the
HRD is operating, it receives a coded data stream and stores it to the coded
picture buffer. In addition, the HRD removes coded pictures from the coded
25  picture buffer and stores at least some of the corresponding hypothetically
decoded pictures into the decoded picture buffer. The HRD is aware of the
input rate according to which the coded data flows into the coded picture
buffer, the removal rate of the pictures from the coded picture buffer, and the
output rate of the pictures from the decoded picture buffer. The HRD checks
30 for coded or decoded picture buffer overflows, and it indicates if the decoding
is not possible with the current settings. Then the HRD informs the encoder
about the buffering violation wherein the encoder can change the encoding
parameters by, for example, reducing the number of reference frames, to
avoid buffering violation. Alternatively or additionally, the encoder starts to
35  encode the pictures with the new parameters and sends the encoded pictures
to the HRD which again performs the decoding of the pictures and the



15 The HRD conprises a coded picture buffer for storing coded data stream
and a decoded picture buffer for storing decoded reference pictures and
for reordering decoded pictures in display order. The HRD noves data
between the buffers simlarly to the decoder of an decodi ng device does.
However, the 20 HRD need not decode the coded pictures entirely nor out put
t he decoded pictures, but the HRD only, checks that the decoding of the

pi cture stream can be perforned under 1%e constraints given in the coding
standard. When the HRD is operating, it receives a coded data stream and
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pictures 10 correctly. The HRD specification includes a "bunping decoder™
nodel that  Interleaving

Frame interleaving is a commonly used technique in audio streaming. In the

20  frame interleaving technique, one RTP packet contains audio frames that are
not consecutive in decoding or output order. If one packet in the audio packet
stream is lost, the correctly received packets contain neighbouring audio
frames which can be used for concealing the lost audio packet {(by some sort
of interpolating). Many audio coding RTP payload and MIME type

25  specifications contain the possibility to signai the maximum amount of
interleaving in one packet in terms of audio frames.

In some prior art encoding/decoding methods the size of the needed buffer is
informed as a count of transmission units.
30
Summary of the Invention

The maximum size of the predecoding buffer of a decoder can be informed as
bytes b the decoder. If the byte based scheme is used and the reordering
35  process is not defined for the decoder, the buffering model has to be explicitly
defined, because the encoder and decoder may use different buffering



outputs the earliest unconpressed picture in output order when a new
storage space for a picture is needed. The output tinme conformance refers
to the ability of the decoder to output pictures at the sanme pace as the
HRD nodel does. The output timestanp of a picture nust always be equal to
or smaller 15 than the tinme when it would be renoved fromthe "bunping
decoder". Interleaving Frane interleaving is a commonly used technique in
audi o streaming. In the 20 frane interf8aving t echni que, one RTP packet
contains audio frames that are not consecutive in decoding or output order.
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| nventi on The maxi mum si ze of the predecodi ng buffer of a decoder can be

i nfornmed as s bt nd the
reordering 3gx?)tﬁ BCRYW |[§ty %{n hﬁerag)lf’] R{%ﬁegecogo gﬁ&“doﬁlff;%?ﬁ]og nodel
has to be expuseiransmiggipn mels, tber@auﬂf@ &lleOfeﬁl?@dlﬂJéfPr srinforaed @8 MBAPUTis e

di fferent buf ERbliMdo iPanshhisRereEnitd fo Be daffié@UNHBWeRel, thdyaimim sitf ofned for

t he buff t.he decoder . use Ssi on
units ar st o&1 Jr%r@“%'%ﬁé‘”bﬂ?‘? & o %15%{ F‘?& ?ﬁéltﬁe%?g&?ﬂ?e #ﬂ?%gﬁg gh? fter
that the ol dewarydtthei maxigwoy stref weie definedpand & thgnsize de deredMatiHat aki nd of
buf fering maycést dlawgmt tiﬁandat@caﬁﬁaﬁas 1 thefdviged hetodemeelithgnionest ar t ed.

Anot her possi I|t to | d uffer is
to use transﬁ’? OUrH”ﬂ Wh{qru' P%reﬁ ??18 gc}c@ﬁ%pé? tf?tngﬁ'u#i& Sfégqén o‘?med as
maxi mum am)udecreasesr thespormplessionrafiicienay aro/pyircesasas 6IREY SPMPIEXEY-naxi mum
size of 38 t hend HARGALSSELS o el trasriigdionl ahit Raduidrst lahge shawhoivhérem

transm ssion mtotai s%e of the buffer may be unnecessarily large.

In the present invention the buffer size is defined so that the total size of at
least fwo transmission units is defined and the maximum buffer size is defined

20  on the basis of the total size. In addition to the total size it may be necessary
to take into account a network transmission jitter.

According to another aspect of the present invention the number of
transmission units used in the calculation of the total size is a fractional

25  number of the necessary buffer size in terms of the number of transmission
units.

According to still another aspect of the present invention the number of
transmission units used in the calculation of the total size is a fractional

30 number of the necessary buffer size in terms of the number of transmission
units, wherein the fractional number is of the form 1/N N being an integer
number.

According to yet another aspect of the present invention the number of
35  transmission units used in the calculation of the total size is the same as the
necessary buffer size in terms of the number of transmission units.



vary. If the maxi num size were defined and if the size is too snmall for a
certain data unit, the data unit has to be divided into nore than one
transm ssion unit, which increases encoding and transm ssion overhead i.e.
decreases the conpression efficiency and/or increases systemconplexity. 15
The maxi num si ze of the transm ssion unit should be | arge enough wherein
the total size of the buffer nmay be unnecessarlly | arge. In the present
invention the buffer size is defined so??hat the total size of at |east
two transm ssion units is defined and the maxi mum buffer size is defined

20 on the basis of the total size. In addition to the total size it may be
necessary to take into account a network transn133|o %mtter Accordlng to
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of transmi ssion units, wherein the fractlonal nunber is of the form 1/ N N

being an inte _? nunber Accor di ngt yet anot her ul%ect ﬂf t he égresent
i nvention t helheinyentiast enaptes defining B@ﬁ@ﬁ qiihe receiving Quifer 1pdne 4eeQAdt i on of
the total size is the sanme as the necessary buffer size in terns of the

nunmber traps I t. r vention
t he nunbgp nl[%ﬁ@l%%% 1ﬁde@9|de ?B @dﬁ%ﬁfﬁ @&tuﬁ%tf?%ﬁ a 'Bm t%,t)ej[Wal si ze
i s expr essed Grclugive) de ther neid *@'ﬁcﬂ’éq’furéf ex¢ipEve)in derdRg BWeErnl ts. The
buffering order relates to the order the 5 transmi ssion units are buffered

out for. Tho | IvAR PSR dbrtof g ehfafeler SeMin e el e bBRPbe I
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froman HBR pisisideted:(duratios byek, tsuddsictoess, frabPRspVOLLMAL (eits;lalisypey in

gﬁgﬁg{ ngf or def: nhl uhlts a%dqf?leﬁ'baé@fse&l bﬂb&spébmr‘?‘dthé'aMnlt bfWsbigey maxi mum
in duration causes a dependency between the transmission bit rate and the
specified duration to conclude the required amount of buffering in bytes. As
the transmission bit rate is not generally known, the duration-based approach
20 is not used. Specifying the amount of disorder in number of bytes would
require the transmitter to check the transmitted stream carefully so that the
signalled limit would not be exceeded. This approach requires a lot of
processing power from all servers. It would also require specifying a buffering
verifier for servers. Specifying the amount of disorder in coded pictures or
25  frames is too coarse a unit, since a simple slice interleaving method for
decoders that do not support arbitrary slice ordering would require a sub-
picture resolution to achieve minimal latency of buffering for recovery of the
decoding order. Specifying the amount of disorder in number of RTP packets
was not considered as appropriate, because different types of aggregate
30 packets may exist depending on the prevailing network conditions. Thus, one
RTP packet may contain a varying amount of data. Different SEI messages
may be transmitted depending on the prevailing network conditions. For
example, in relatively bad conditions, it is beneficial to transmit SEI messages
that are targeted for error resilience, such as the scene information SEI
35 message. Thus, the amount of disorder in number of all types of NAL units
depends on prevailing network conditions, i.e., the amount of SEI and



required buffering, is proposed. Several units for such paraneter were 15
consi dered: duration, bytes, coded pictures, frames, VCL NAL units, al
types of NAL units, and RTP packets or payl oads. Specifying the anount of

di sorder in duration causes a dependency between the transmi ssion bit rate
and the specified duration to conclude the required anmount of buffering in
bytes. As the transmssion bit rate is got general ly known, the

dur ati on- based approach 20 is not used.“Specifying the anount of disorder
in nunber of bytes would require the transmtter to check the transmtted

stream car ef tﬁéré{m%fértsgf"f’d ?_hﬂwlts%&@{rhﬁgmlﬁbmohtﬁpwdér Merbi@reex‘ﬁﬁmd Thi's

approach requires rocessin om se r ul d

al so requi re ARk UpitHwas 5‘8 FEFN Ag @ 38&? Ere‘tF"ar CZ"é}S%‘HJJ‘\{'gs% ecr ng the
amount of di sipecemounh ot didediepircoumbear YCL NALf uniteewas QOQWFQ@éﬁé@e Beiinl t,
since a sinplg . sli @3 i e N eila hitd arebbted M thed 89P0RIdnd BRinddei ﬂpbesupport

arbltrary sllce orderin uire su - picture resolution to achieve
mi ni mal | &t enkadedrsliers; Pgﬁ’%gﬁfi&a”ﬂ@emwdcﬁ s[eﬁgencz?erggr&%%g or der.
Speci fyi ng the anount of disorder in nunber of RTP packets was not

consi der ed asyapRlGIdeA! faraRRAGURC i ORIMAAY: hiBCRORTer ATI-RBRLAISO Packet s
may exi st dep end

on the preval l i.tions
packet may coﬁ%ifwséh%a?%ﬁrﬂ@“m gf\)&ga%l\g{' Uﬂq?ﬂ??rt@ﬁ?cegﬁla%%gaggg nay be
transnitted depeindihegpaokett steapr avBALiung deiveryrddeoart fdllowsthe ML Nékanpl e,

in relati eI y tlﬂfg% G9!l dlgBBce nhfﬁb%rt}ﬁﬂ@rf 'o?'lﬁlthbocérhﬁdb‘itfﬂnt ofdfer dfeg@ages

t hat are arget for error resilience wﬁ_ t he scene information SEI
35 message. TAdEegaties %%%Ir&onlﬁ'n'agéhﬁ}égk Wihber of all types of NAL
units depends on prevailing network conditions, i.e., the anount of SEIl

?gfll 2t1yp22r a”?ﬁﬁk{ép%tse&@arémgfe? cQﬁ'Hégcéﬁv%E}é@“a%té‘rﬂoﬁﬂBna@f aﬁﬁlﬁ@cér inTfer ef or e,

not seen, as t elther quently,
speci fying t MEMBReENFUNGLIBMR2S thﬁbgpg\/@fdsNihe Bmp[ogegvggr "ﬁgl der ed
as the bgst e Riditate decoddticahabilitynort stremne coiafciedatigsnon ieth,Jdapeargifiong
standard 10 bg, g Oﬁﬂgﬁoﬁaﬁ&m@ h%gg%ﬁ%@a%e@s.raarsbw SHB8ed @6, end- of - sequence

mar kers. The prop ar anet
numreorder-VCL-NAL-units. It specifies the maxi num anount of VCL NAL
units that prehedaffensze/ciaNbifer builttadcordingetopthekeim-seordamry Ch-Ndl-units t

del ivery or debal%%télpédn%’t Eé]gpé/c%ed\lﬁt';curately in bytes. In order to allow designing
20  of receivers where the buffering memory requirements are known accurately,
specification of decoding time conformance is proposed. Decoding time
conformance is specified using a hypothetical buffering model that does not
assume a constant input bit rate, but rather requires that sireaming serers
shall include the model to guarantee that the transmitted packet stream
25 conforms to the model. The specified hypothetical buffer model smooths out
possibly bursty packet rate and reorders NAL units from transmission order to
the decoding order so that the resulting bitstream can be input to the
hypothetical decoder at a constant bit rate.

30 In the following description the invention is described by using encoder-
decoder based system, but it is obvious that the invention can alsc be
implemented in systems in which the video signals are stored. The stored
video signals can be either uncoded signals stored before encoding, as
encoded signals stored after encoding, or as decoded signals stored after

35 encoding and decoding process. For example, an encoder produces
bitstreams in decoding order. A file system receives audio and/or video



10 unit in RTP sequence nunber order or in the conposition order of the
aggregati on packet containing the VCL NAL unit. The proposed paraneter can
be conveyed as an optional paraneter in the M ME type announcenent or as
optional SDP fields. The proposed paraneter 15 can indicate decoder
capability or stream characteristics or both, depending on the protocol
and the phase of the session setup procgdure. The buffer size of a buffer
built according to the numreorder-VCL-fAL-units paraneter cannot be
specified accurately in bytes. In order to allow designing 20 of receivers

wher e the buf Giedlbne s I Xrer&%béﬁﬁﬁﬂtégarﬁ @eE&&H@o%@@h@tsﬁira‘d aspemé.fication

apeci f1ed usi Ag et aNhEeds BUH T i SHIRE! A AR igpa VR e &
const ant i npuinfdpins sabjectiveutmpartanee oedoeé r pisturdsatandt Nfdniumgs.s spviams shaII
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conf orns to I‘E FI_mﬁ/pot heti cal bél %l deI it ths out
possi bl y Bur s#stabase &om whicth @y steg SR &1 6@ nEPA% n order
to the decodémgpeuldizr them intmRTPheackemsulActonging tnsthe@@h@mmnﬁédatﬁpﬁm to the
hypot het i cal ﬂ@%@ﬁoﬁecﬁoﬁﬂﬂ%&@%e Q{réarhﬁﬁbeser@é? caf rﬁ&tﬁfyftﬁé vk Mession

description the 1 nvention g@ﬁ‘%/ u5| ncoder - decoder hased

system but i®9es Fpliier Racreist d{fﬁéeqt 5‘958“!% P& ed in
systens i n whiejuehbes,dedizie whgrﬁlﬁlsmesages mnléhe trEnemited; Efdanyve’@edﬁ Hiegnal s

can be eij phefre%e&g%&oﬂharﬁﬁ R84 BB ebliRea Aypicale AREN/I gnal s

stored af enco eco g‘rg %Qf{] é h H en odi ng and

decodi ng pr ocedt, aqeo st {eqrered e %fo:“tﬁt,l Hr YL aEe thy MS@Fecodi ng

order. A fil edélivstetnonikeedesteer.audi o and/ or video 22 bitstreans which are

encapsul ated e.g. in decoding order and stored as a file. In addition, the

encoder and the file system can_ produce netadata subj ective
be Sallewigd

i nport ance of Fuikermose.und dgsfripgon é%t%’ﬁﬁg‘m |sn‘f‘%ﬁcﬁé?<i1 &% B
sub- sequdBcesenddiepticcdden babe sistem, cah ithe obviove dhatrihe inveBtidaitcabads® fr om

whi ch a strea CCOP%ﬁ%Yﬁ{ ﬁfﬂrg{égﬁs?ﬁgl%?? e r‘rﬂ?a'dbﬁo%ﬁts W%Bﬁélh@é Boddtem i nt 0

RTP packets. met adat a an toan conpection in

use, the stred@®@n§ @@%Nﬁérc‘)@é{??”ﬁﬁﬁlsl"'?htaﬁea@Frﬁﬁ@mgsg‘?rlﬁ?{ T 08&ding SR,

where the other component reorders the coded data from the decoding order
to another order and forwards the coded data in its reordered form {o the
20 decoder.

The method according to the present invention is primarily characterized in
that the buffer size is defined so that the total size of at least two transmission
units is defined and the maximum buffer size is defined on the basis of the
25  f{otal size. The system according to the present invention is primarily
characterized in that the system further comprises a definer for defining the
buffer size so that the total size of at least two transmission units is defined
and the maximum buffer size is defined on the basis of the total size. The
encoder according to the present invention is primarily characterized in that
30 the encoder further comprises a definer for defining the buffer size so that the
total size of at least two transmission units is defined and the maximum buffer
size is defined on the basis of the total size. The decoder according to the
present invention is primarily characterized in that the decoder further
comprises a processor for allocating memory for the pre-decoding buffer
35  according to a received parameter indicative of the buffer size, and the buffer
size is defined so that the total size of at least two transmission units is



order of the packets different fromthe decodi ng order, renpve sub-
sequences, deci de what SEFnessages will be transmtted, if any, etc. In the
10 receiving end the RTP packets are received and buffered. Typically, the
NAL wunits are first reordered into correct order and after that the NAL
units are delivered to the decoder. Furthernore, in the follow ng
description the invention is described Eg using 15 encoder-decoder based
system but it is obvious that the invefition can also be inplenented in
systens where the encoder outputs and transmts coded data to another

cormponent, SUgd{ag d%é‘?\?ﬂlrﬂgmscﬁfffé?rslze'|§d6ﬁ€é2ﬁ¢xﬂﬂ16%ébﬂ of thehetaksikée ot her
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on the basis BEMME Pbtta? RreAEcoging &F?é %‘foréego{é]dlanéeqebvetdhégwﬁs ﬁt
i nvention is pdicaxtve bfythehmﬁacsuee i arethe uffaasiza s defieed sodbairthe fotalhaize
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present i nvenpieseni invertionds ptimadiyahacctarizeddn that th&alouftelﬁélzmadamediﬂt her
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according to a received

di catl dt
buffer size P?Xd'@fmr@{flfeéé'zteh'ét% W@Q &l Q?%% o&%hea{ot%%ajle%{ﬁ f S‘iotr%%sm ssi on
units is133 drkiiuneccendinghie tivexprasent bofdntion 3¢ pdmasilydelfaracierized nHbabasi s of

the total siZzge pifist d2ANSHAED HRYIHAE 1G1EF LIt loudk o RFABATSIdVent T on

S pI’II'TB.I’I| aracterlze

%hra smttl &9{1 £ |sog%é
conprising a Hé'l“i ifegefingd a’lﬂ’e?l"ien'i"ﬁﬁ'”l% Hifes aize ds def Pﬂaﬁ' tbﬁ§ tBA si ze
of at |east tymaltdizeImessécronicnddvice according to the present invention is primarily

characterized in that the electronic device further comprises a definer for

20  defining the buffer size so that the total size of at least two fransmission units
is defined and the maximum buffer size is defined on the basis of the total
size.

Substitutive signalling to any decoding order information in the video bitstream
25 s presented in the following according to an advantageous embodiment of the
present invention. A Decoding Order Number (DON) indicates the decoding
order of NAL units, in other the delivery order of the NAL units to the decoder.
Hereinafter, DON is assumed to be a 16-bit unsigned integer without the loss
of generality. Let DON of one NAL unit be D1 and DON of another NAL unit
30 be D2. If D1 < D2 and D2 — D1 < 32768, or if D1 > D2 and D1 — D2 >= 32768,
then the NAL unit having DON equal to D1 precedes the NAL unit having
DON equal to D2 in NAL unit delivery order. if D1 < D2 and D2 — D1 >=
32768, or if D1 > D2 and D1 — D2 < 32768, then the NAL unit having DON
equal to D2 precedes the NAL unit having DON equai to D1 in NAL unit
35  delivery order. NAL units associated with different primary coded pictures do
not have the same value of DON. NAL units associated with the same primary



5 is defined and the maxi num buffer size is defined on the basis of the
total size. The receiving device according to the present invention is
primarily characterized in that the decoder further conprising a processor
for allocating menory for the pre-decoding buffer according to a received
paranmeter indicative of the buffer size, and the buffer size is defined so
that the total size 10 of at |east two transm ssion units is defined and
the maximum buffer size is defined on Efe basis of the total size. The

sof tware program according to the present inventionis primrily

charact er! zededdbd Halrd Aty Male He SARE valiedtDORM: 20 NALNGHits! Gt pithaly S1 ze of

at |east two m Ssion’ uni f m size is
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the present i pi¢Ring assodatedwithiie bymafya:cmiedemtlzr@obhoulctlhmdethe lsemiewfalusr si ze
is defined so t |, ~5d f r NiAE ShridelivBiyt s 1S
defined and tﬂ%ﬁ%x%%% Iﬁ%ﬁlg?é gftzhg ’?@R %E%d tpY(‘ﬂer ?ﬁiﬂeﬁ:ﬁf Ikﬁlhe t ot al

si ze. TheDdel eetdepnl NAH&DItE Baypg Hiefaite Y3ue R g}'@%ﬁ? er PSP or i marily
characterizedijn tPiaturd delingitee NALOmIG ifdeyi ce further conprises a definer for

20 defining the b;ééq?fengééﬁra%%té%?t (\{]pg_eunr%%%n?l ze of at least two

transm ssion uhit buffer size is defined on
the basis of 8he tRyetare paemeterseh MALYNEEARY gnal | | ng to any decoding order
i nfornmation Iﬂl thGSE’IINLQiOubits $ftangam 25 is presented in the fol |l owing

accordi ngpt o u n

Decodi ngq der (rj% %E%)énde |ca'E:|gilé:’;l %’%ﬂﬁ%co Bﬁlfssgf:ghgr B%@Q ﬁdbuer?ﬁts in
ot her the deli veryp'%ﬂdf%l* & the NAL units to the decoder Her ei nafter, DON
is assuned togbe aCddeddilice s gine diatan padidion WALhonits ofibel redendant codater al i ty.
Let DON of one ?ﬂ%? ﬁ’%n i and DON of another NAL unit 30 be D2. If Dl <
D2 and D2 - D1 < f DI > D2 and D1 - D2 >= 32768, then the NAL
unit havi ng DON edﬂﬁ@"daéaﬁf“-mnétéeﬁé%ythe NAL unit having DON equal to D2
in NAL unist dgli veEnd efrsiguendd NBL unitPPaapnd D2 - D1 >= 32768, or if DL > D2

and D1 - D2 <4327 «unit having DON equal to D2 precedes the
NAL unit havi gg D%Fdeé{}g{éabgﬁﬁ?ﬁm’qmiy'unit 35 delivery order. NAL units

associated with different primary coded pictures do not have the sane
val ue of DON. ThAlpraaint mvastcimredshe bufftringseffieiepey ofethy cading systems.

By using the present invention it is possible to inform the decoding device how
20 much pre-decoding buffering is required. Therefore, there is no need to

allocate more memory for the pre-decoding buffer than necessary in the

decoding device. Also, pre-decoding buffer overflow can be avoided.

Description of the Drawings

25
Fig. 1 shows an example of a recursive temporal scalability scheme,
Fig. 2 depicts a scheme referred to as Video Redundancy Coding,
where a sequence of pictures is divided into two or more
30 independently coded threads in an interleaved manner,
Fig. 3 presenis an example of a prediction structure potentially
improving compression efficiency,
35 Fig. 4 presents an example of the intra picture postponement method

that can be used to improve error resiliency,



coded picture may have the sanme value of DON. If all NAL units of a primary
coded picture have the sane value of DON, NAL units of a redundant coded
pi cture associated with the prinmary coded picture should have the sane
value of DON as the NAL units of the primary coded picture. The NAL unit
delivery 5 order of NAL units having the sane value of DON is preferably
the following: 1. Picture delimter NAL unit, if any 2. Sequence paraneter
set NAL units, if any 3. Picture paramg@er set NAL units, if any 4. SEI
NAL units, if any 10 5. Coded slice and slice data partition NAL units of
the primary coded picture, if any 6. Coded slice and slice data partition
NAL units of the redundant coded pictures, if ag 7. Filler, data NA

units, if anyFigs 8 amhab of @éﬂ%@lﬁemtpwlqﬂ nyrp é’ S@'e"\?ﬁéord?'c@queam NAL
unit, if any. The pres¢ehcodecendemstraampr oves t he buffer| ng efficiency of
the coding systens. By using the present invention it is possible to

i nformthe decodi ng device how 20 nuch pre-decodi ng bufferin |s reqw red.
Ther ef ored t hBigebas nElisHQsgst 8N aPXyBBIEe Oheh PR IS} GINAIYPE. §&0di ng
buffer than necessary sequéhses alégeding device. Al so, pre- decodl ng buf f er
overfl ow can be avoi ded. Description of the Draw ngs 25 Fig. 1 shows an
exanpl e of a recursive tenporal scal abi |It){ schene, ﬂ 2 dgﬁl cts a
schene referrE@. 6o as disRses SRS, Stre\ﬂﬁb?@t%l g dya greur,pf
pictures is divided i rﬁ@u@%aomgrsubeseqaénaemwwent ly coded threads in an
interl eay d manner, Fig. 3 presents an exanple of a predi ction structure
pot enti al i nproving conpression efficiency, resents an
exanpl e of thEIQ fera flisdiases HoSKkFPRENBHA m&ty%atre@fﬂaqf ‘1‘3 efk IR o

inprove error resiliensoturedd

Fig. 7 discloses another example of a picture stream containing sub-
15 sequences at layer 1,
Fig. 8 depicis an advantageous embodiment of the system according to

the present invention,

20 Fig. 9 depicts an advantageous embodiment of the encoder according
to the present invention,

Fig. 10 depicts an advantageous embodiment of the decoder according
to the present invention,

25
Fig. 11a  discloses an example of the NAL packet format which can be
used with the present invention,
Fig. 11b  discloses another example of the NAL packet format which can
30 be used with the present invention, and

Fig. 12 depicts an example of buffering of transmission units in a
predecoder buffer.



Figs. 5a and 5b disclose different prior art nunbering schemes for pictures
of encoded video stream 5 Fig. 6a discloses an exanple of a picture stream
contai ni ng sub- sequences at layer 1, Fig. 6b discloses an exanple of a
picture streamcontaining two group of pictures having sub-sequences at
layer 1, 10 Fig. 6c discloses an exanple of a picture stream of different
group of pictures, Fig. 7 discloses angther exanple of a picture stream
contai ning sub- 15 sequences at |ayer 1?6Fig. 8 depi cts an advant ageous
enbodi ment of the systemaccording to the present invention, 20 Fig. 9

depi cts an advant ageous enbodi nent of the encoder according to the present

invention, Fig. 10 depicts _an advantageous 1@ qdi nt of the decoder
according to the present i Scriplion gl NeNXenda| oses an exanpl e of
t he NAL packet format which can be wused with the present invention, Fig.

11 b discl OS?%%agg,ﬁg}gfcoﬁf&gﬁﬂ,%aﬁé g%.g,%ﬁii&i'zﬁgﬁﬁés fsOfo"Rbrath ihaRstiRBion30 be

used with_the pre&sent Tnventr | Ct xanpl e _qf

buf f eri ngSof #HiEnSHANSES HALuHitss Trpm Eansffﬁlléﬂ%@é‘g‘;r tﬂu%?é?‘?‘fé@ﬂpﬁpaﬁnped
Description ofrdehe | nvention The general concept behind de-packetization
rules is to reorder transmssion 5 units such as NAL units from

transm ssion order to the NAL unit decoding order he recei ver includes a
recei ver buf f Bhe (aneivar [ckides Gaereiser ptef ,(Orv%P@qu%d%l%‘Eer)tWﬁ'PE& H"é?ﬂppac ket's
from transm sgi rebrder gacket® frolmetrddSmission orbes dalthegNAL dmit. decoding @rdar. xanpl e

embodi meqpy of 1 Re RHRSERbAIMERT b B pREchEREMDN M bE&iver Bitfer Size is
set, in terms of number of bytes, equal to or greater than the value of a deint-
buf-size parameter, for example to a value 1.2 * the value of deint-buf-size
MIME parameter. The receiver may also take buffering for transmission delay
jitter into account and either reserve a separate buffer for transmission delay
15  jitter buffering or combine the buffer for transmission delay jitter with the
receiver buffer (and hence reserve some additional space for delay jitter
buffering in the receiver buffer).

The receiver stores incoming NAL units in reception order into the receiver

20 buffer as follows. NAL units of aggregation packets are stored into the
receiver buffer individually. The value of DON is calculated and stored for all
NAL units.

Hereinafter, let N be the value of the optional num-reorder-VCL-NAL-units

25 parameter (interleaving-depth parameter) which specifies the maximum
amount of VCL NAL units that precede any VCL NAL unit in the packet
stream in NAL unit transmission order and follow the VCL NAL unit in
decoding order. If the parameter is not present, a 0 value number could be
implied.

30
When the video stream transfer session is initialized, the receiver 8 allocates
memory for the receiving buffer 9.1 for storing at least N pieces of VCL NAL
units. The receiver then starts to receive the video stream and stores the
received VCL NAL uniis into the receiving buffer. The initial buffering lasts

35 - until at least N pieces of VCL NAL units are stored into the receiving buffer

9.1, or



set, in ternms of nunber of bytes, equal to or greater than the value of a
dei nt- buf-size paraneter, for exanple to a value 1.2 * the val ue of

di nt-buf-size MM paraneter. The receiver may al so take buffering for
transm ssion delay jitter into account and either reserve a separate
buffer for transm ssion delay 15 jitter buffering or conbine the buffer for
transm ssion delay jitter with the recgiver buffer (and hence reserve sone
addi ti onal space for delay jitter buffefring in the receiver buffer). The
receiver stores incomng NAL units in reception order into the receiver 20

buffer as foll ows, %Mn-HiW Mmgf eﬁ\g[g,@ ak |p(pérsé‘,)@c,_lﬁqﬂ shakaiust & £dunoibe t he
| ndi Vi

recei ver buffer dual I'y % *s cal, cul teg &l %hshored f or
all NAL units. dpRAfTaR) & grpgr@rl\} BB ﬁ:’f‘?e"@ Pugl JPrHRTEl: | onafq
num r eor der - VCLcNPésponds 0 th%mﬁlawamaermg(thergmtw\mah@-f@f PN egasger )

whi ch speci fiesyfh F‘gg%ﬁaéb'ﬁ'ﬂ‘ L IRy ﬁﬁf coffdspbiRbs Whithes NALahnrprrﬁomgethany VCL
NAL unit in the

strea it tran an order and foll ow
the VCL NAL uni ﬁmHGStHéE‘S&fﬁanp&b?mongﬂlq{ C%&?‘iﬁ'@i A"PP ot present, a 0
val ue nunber couhgl ifittal buffeling tias Btadhien thehauratiofesqual te anreataidhan theessi on
isinitialized, e mMmhﬁé‘ror t he receiving buffer
9.1 for stori ngvglpgoli%d%%h?ﬁmgghgﬁﬁ%/q NAL units. The receiver then
starts to receive the video streamand stores the received VCL NAL units
into the receTwémgcmﬁcﬁ@r dﬁi{hm)irsrbpéc&ﬂiedoa&fﬂoﬁmivstg lasts 35 - until at |east
N pi eces f V M r mia g he receiving buffer 9.1, or 27
- if max Chf MFWE para ?PHT@% Zent, until the value of a function
don_dlff(m n) is greater than the value of max-don-diff, in which n
corresponds t ot DONE). <UPDK( ri)aan'dr[miblhﬁ PeNrest 3828)e of AbsDON anong the

recei ved NAL unrc}cﬁ1 M_Frn&c Ogjtiw_ the NAL unit having the 5 snmallest
val ue of AbsDON anon h recel units, or until initial buffering

has | asted for the duratl on equal to or greater than the value of the
opt i onal 1gni t - FYDON (MY >NDOR(Heunar@ONKm) - DON(n) >= 32768),

don_diff(m,n) = 65536 - DON(m) + DON(n)

If (DON(m) < DON(n) and DON(n) - DON(m) >= 32768),
don_diff(m,n) = - (DON(m) + 65536 - DON(n))
20
If (DON(m) > DON(n) and DON(m) - DON(n} < 32768),
don_diff(m,n) = - (DON(m) - DON(n)}

where DON() is the decoding order number of the NAL unit having index i in
25  the transmission order.

A positive value of don_diff(m,n) indicates that the NAL unit having
transmission order index n follows, in decoding order, the NAL unit having
transmission order index m.

30
AbsDON denotes such decoding order number of the NAL unit that does not
wrap around to O after 65535. In other words, AbsDON is calculated as

follows:



The function don_diff(mn) is specified as follows: 10 If DON(nm) ==
DON(n), don_diff(mn) =0 If (DON(m) < DON(n) and DON(n) - DON(m) < 32768),
don_diff(mn) = DON(n) - DON(m) 15 If (DON(m) > DON(n) and DON(m) - DON(n)
>= 32768), don diff(mn) = 65536 - DON(m) + DON(n) If (DON(m < DON(n) and
DON(n) - DON(m) >= 32768), don_diff(mn) (DON(m + 65536 - DON(n)) 20 If

(DON(m) > DON(n) and DON(m) - DON(n) < 32768), don_diff(mn) = - (DON -
DON(n)) where DON(i) is the decoding oré@r nunber of the( NAL)unlt Elaw Elg)
!n(cji_ex |t |nth25 the transm ssion order. A positive value of don_diff(mn)

i ndi cat es t r '
decodi ng orda]Tt ﬁa('j\'ﬁﬁb'§h5§erEﬁN\}enﬂALhnﬁ§ﬁ?ﬁ1§|§snﬂgsr{9@gg§ it 0eliycmé’[c“,glsbsDICJr\]I
denot es such Néb@ldltrlfgﬁ@'ﬂ%'ﬁ&ﬁ[]@ﬁéﬁr (whogs, mdQuis OhiAbs Oijo Ur ap

around to 0 adther NaRAdMs, ABsDONEE calouldted aalfele:i s cal cul at ed as fol | ows:
28 Let mand n are consecutive NAL units in transm ssion order. For the

very first NAL unit in transm ssion order wh d 0 AbsDON(0) =
DON(O) . Fbr %ﬂ@‘i(”l‘llﬂf AN, ARSIONN)i=A é 'g)csgdl gsei‘(o: Isovv)s 5 Isf D(C]\l% m
== DON(n), AbsDO\I(n) AbsDO\I(rr) If (DON(m) < DON(n) and DON(n) - DON(m <

32768), | f (DON
DON(N) - %@N @k? nb%g@g\?}%g&a 655%6 -(Qor\lzn)m:l( %?2?
If (DON(M) < D@M@Iag)l\&mmfa)\l W) sDGIYMBE) , AbsDON(n) = AbsDON(n) -

(DON(m) + 65536 - DON(n)) 15
10 If (DON(m) > DON(n) and DON(m) - DON(n) >= 32768),
AbsDON(n) = AbsDON({m) + 65536 - DON(m) + DON(n)

If (DON(m) < DON(n) and DON(n) - DON(m) >= 32768),
AbsDON(n) = AbsDON(m) - (DON(m) + 65536 - DON{(n))
15
If (DON(m) > DON(n) and DON(m) - DON(n) < 32768},
AbsDON(n) = AbsDON(m) - (DON(m) - DON(n))

where DON(i) is the decoding order number of the NAL unit having index i in
20  the transmission order.

There are usually two buffering states in the receiver: initial buffering and

buffering while playing. Initial buffering occurs when the RTP session is

initialized. After initial buffering, decoding and playback is started and the
25  buffering-while-playing mode is used.

When the receiver buffer 9.1 contains at least N VCL NAL units, NAL units are
removed from the receiver buffer 9.1 one by one and passed to the decoder
2. The NAL units are not necessarily removed from the receiver buffer 9.1 in

30 the same order in which they were stored, but according to the DON of the
NAL units, as described below. The delivery of the packets to the decoder 2 is
continued until the buffer contains less than N VCL NAL units, i.e. N-1 VCL
NAL units.

35 The NAL units to be removed from the receiver buffer are determined as
follows:



If (DON(m) > DON(n) and DON(m) - DON(n) < 32768), AbsDON(n) = AbsDON(m) -
(DON(m - DON(n)) where DON(i) is the decodi ng order nunber of the NAL unit
having index i in 20 the transm ssion order. There are usually two
buffering states in the receiver: initial buffering and buffering while
playing. Initial buffering occurs when the RTP session is initialized.
After initial buffering, decoding and playback is started and the 25
buf f eri ng-whi | e- pl ayi ng node i s used. Ven the receiver buffer 9.1 contains
at least N VCL NAL units, NAL units are renoved fromthe receiver buffer
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NAL units. If max ese L units mfor
don_di ff(mn) i &ALBINgBeat er than max-don-cliff are renoved from t he
recei ver buffer pAangiabpassedet o theevaliee oflarsystant tireenthab was pejtidlizee do Bel ow.
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The order that NAL units are passed to the decoder is specified as follows.

Let PDON be a variable that is initialized to 0 at the beginning of the an RTP

20  session. For each NAL unit associated with a value of DON, a DON distance
is calculated as follows. If the value of DON of the NAL unit is larger than the
value of PDON, the DON distance is equal to DON - PDON. Otherwise, the
DON distance is equal to 65535 - PDON + DON + 1.

25 NAL units are delivered to the decoder in ascending order of DON distance. If
several NAL units share the same value of DON distance, they can be passed
to the decoder in any order. When a desired number of NAL units have been
passed to the decoder, the value of PDON is set to the value of DON for the
iast NAL unit passed to the decoder.

30
Additional De-Packetization Guidelines

The following additional de-packetization rules may be used to implement an
operational H.264 de-packetizer:
35



15 condition. The order that NAL units are passed to the decoder is
specified as follows. Let PDON be a variable that is initialized to 0 at

t he begi nning of the an RTP 20 session. For each NAL unit associated with
a value of DON, a DON distance is calculated as follows. If the value of
DON of t hewiyosangato i s | arger than the value of PDON, PEHE2MNFON2St ance i s
equal to DON - PDON. O herw se, the di stance is equal to 65535 - PDON
+ DON + 1. 25 NAL units are delivered to“the decoder in ascending order of
DON di stance. If several NAL units share the sane val ue of DON di stance,

they can be pﬁ?%@%nt h?PtrjéEeg@r%th ir ga@%ygr@lgy idehigog cheeltiishce aataber of

NAL units hav asse

val ue of .P { to the
val ue of DON Pahtignseh @%@%) K4 log ? %g@‘%’ g8 af%yd@(%gg?ld% ;stoeﬂ%l onal
De- Packet i Zatﬂh@rboﬁeBWdzrrgasodﬁtd&ellbeIdatmpa@timﬂjBtandr@,I agltheydeieanatiafk Son rul es

may be used t 0 ﬁ@w@ﬂ@&l@h‘leﬁ?ban%ddﬁ@
2005/ 079070 ﬂ%‘?%@ﬁélggg%gggg%%%é&ﬁt gf%hliﬂa 4 RTR, recei ve Ié

gat evays) Smaynetwent i9ad DysEisecydisg Ypsless d’ngetS HPPY AL 'EQS(aDggg‘})

| ost DPA is fisitghdama gat eway nmay deci de not to send t he correspond| ng
coded slice data partitions B and C, as their information is meaningl ess

for H 264 decoders. In this way, a network enent n.r rk | oad
by di scar di ngintejigest 8TPatacglvers (5-9- HBlﬂat%ysﬁB Hbaya'd%ﬂiﬁ I@%B&{OQ?WZ@%?
Intelligent RER gcgioseFt iscfognd,i an ggemeyayay desigieingdie iseyd it follPwing i ona
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by di scar di ngistselreasefas patkets Withoutiparsingsd egmplex biigiream.bi t st r eam
Intelligent receivers having to discard packets or NALUs coul d first

di scard all 15 packets/NALUs in whjich the valu f the el t he
NAL unit typelnsel igant receivers having to discard packets or?\I/gLUs coul rst dzsca% :ﬂf

15  packets/NALUs in which the value of the NRI field of the NAL unit type octet is
equal to 0. This may minimize the impact on user experience.

In the following a parameter to be used for indicating the maximum buffer size
in the decoder will be described. The parameter deint-buf-size is normally not

20  present when a packetization-mode parameter indicative of the packetization
mode is not present or the value of the packetization-mode parameter is equal
to 0 or 1. This parameter should be present when the value of the
packetization-mode parameter is equal to 2.

o5  The value of the deint-buf-size parameter is specified in association with the
following hypothetical deinterleaving buffer model. At the beginning, the
hypothetical deinterleaving buffer is empty and the maximum buffer

occupancy m is set to 0. The following process is used in the model:

30 i) The next VCL NAL unit in transmission order is inserted to the hypothetical
deinterleaving buffer.

ii) Let s be the total size of VGL NAL units in the buffer in terms of bytes.

35 i) If s is greater than m, m is set equal to s.



equal to 0. This may mnimze the inpact on user experience. In the
followng a paraneter to be used for indicating the maxi num buffer size in
the decoder will be described. The paraneter deint-buf-size is normally not
20 present when a packeti zati on-node paraneter indicative of the
packetization node is not present or the value of the packetization-node
paraneter is equal to O or 1. This paraneter should be present when the
val ue of the packetization-node paraneaér is equal to 2. 25 The val ue of

t he dei nt-buf-size paraneter is specified in association with the

fol | owi ng hypei @éeﬁg]lnggﬁbwgtg@yumg .H%% %gp&g&ﬁg dbintdrleaviRg BuRei B9, the

hypot heti cal vVin maxi mum buf f er
occupancy m i ES%éhanth QﬂuaTWethf‘vdﬁlU@vﬁ Aetep ?%’éﬂsgeﬁ)ﬂ? eF&foF‘f’?St'ﬁéo d 30 i)
The next VCL fiff stdjdvii. n transnission order is inserted to the hypothetical
deinterleaving buffer. ii) Lets be the total size of VCL NAL units in the

buffer in terns of bytes. 35|_|| Ifs is greater thg{]gb&* equal to
s. 31 ivh IfviFee N L enit perliegiain dreodng; gidenamags sieh ¥ ML RS in

dei nt er | eavi nghebiyfifofetical ddisesedaiag bofferiguwsterminéd fomatheevatfes of DON

i nterl eaving- p e vii. 5 v) The VCL
NAL unit earl Fé@i WRLE&E&:LOLHQ%Q&(EP@@C@N@#EHW% c{/mfﬁ?}ﬁl ts in the

hypot heti cal deinterleaving buffer is determ ned fromthe val ues of DON

for the VCL Ngh THBIdaRieEVCLNAGuhivisSeaidved flond thef hyRisthesaddeinteleaming
earliest ?5(]_ BIA* unit is renoved fromthe hypothetical deinterleaving 10
buffer. \} ¥%'here are no more VCL NAL units in transmission order, the
process is termnated. 15 viii) The process is continued from st age i

Thi s paranet e\ g22é srd A6 nidreVSLL NaS. wifitsdn WAhsmissionsdrdeq e prackss is
capabilities of a.receiver inplenmentation. Wien the paranmeter is used to
signal the pF wg}attc-; s of a NAL unit stream the value of the paraneter,
referred to as v, 20 is such that: a) the value of mresulting when the

NAL uni t 18 r egf) The BiceEElsCoRTRGREREH Shage |

This parameter signals the properties of a NAL unit stream or the capabilities

of a receiver implementation. When the parameter is used to signal the

properties of a NAL unit stream, the value of the parameter, referred to as v,
20  issuchthat:

a) the value of m resulting when the NAL unit stream is entirely processed by

the hypothetical deinterleaving buffer model is less than or equal to v, or

b) the order of VCL NAL units determined by removing the earliest VCL NAL

unit from a deinterleaving buffer as long as there is a buffer overflow is the
o5 same as the removal order of VCL NAL units from the hypothetical

deinterleaving buffer.

Consequently, it is guaranteed that receivers can reconstruct VCL NAL unit
decoding order, when the buffer size for VCL NAL unit decoding order
30 recovery is at least the value of deint-buf-size in terms of bytes.

When the parameter is used to signal the capabilties of a receiver
implementation, the receiver is able to correctly reconstruct the VGL NAL unit
decoding order of any NAL unit stream that are characterized by the same
35 value of deint-buf-size. When the receiver buffers such number of bytes that



t he hypothetical deinterleaving buffer nodel is | ess than or equal to v, or
b) the order of VCL NAL units determ ned by renoving the earliest VCL NAL
unit froma deinterleaving buffer as long as there is a buffer overflowis
the 25 sane as the renoval order of VCL NAL units fromthe hypothetica
deinterl eaving buffer. Consequently, it is guaranteed that receivers can
reconstruct VCL NAL unit decoding ordeé when the buffer size for VCL NAL
unit decoding order 30 recovery is at 2ast the val ue of deint-buf-size in
terms of bytes. Wien the paranmeter is used to signal the capabilities of a

recei ver iﬁpcglaﬁ‘é' I h&S AR Vallie bEdSRI-Buflsfzcs @nié BBlel ty récumeBgét uct the
VCL NAL unit é ecoﬁ?iaé]r IQQFG e‘?“qo‘%1 { uni t st.rea@é_}t hat are characterized

NAL .
by the sane 3%%5\4&1@%#@?89&?9-%?&%%‘.9 VASTIEHR" P ver buffers such

nunber of bytes that 32 equals to or is greater than the val ue of

dei nt-buf - Si 2gp, inbnggr@ﬁbl,g Unfls 'SREQAHILHES takdRlint¥ heddlit whas BelieRginttigder from

the transm ssion Or e, non- VVCL uni.ts shoul d_al .be n_into
account wRen &t 8i7fi ¢fi Hi§ 3‘"?%@%‘?‘9@%"1 ez e‘?ﬁ%’&_@feﬁdgb‘aﬁﬂgéﬁz Anen
t hi s par anet eguffigentr sizenf the destdrdavingnbufiar for afl NAle uaés i dessetdan iy buf f er

for all NAL ug&lﬁté %%l%g%?%érq% Pl vaRRUGHthé Pardndted. ar ger than the val ue of

t he paraneter. neter Is not present, then a value of 0 is used
for deint-buf-size. 10 The value of deint-buf-size is an integer in the
range of, forfanematametdr tsonat prasent9Bien2® Valuerafl Qiss veed for deird-bubsizewi ng t he
i nventionow | rdeRR % ukBi- 888 andRicgkt inMheltahgt of GBF exdMplel baosy st em of
Fig. 8, 'ﬁRe etggggfﬁsiﬁgﬁeﬁﬁﬁ%elﬁypot Hetl al | referegce decoderp 15 (HRD) 5 of
Fig. 9 and de@®H867 298fiN@igve.10. The pictures to be encoded can be, for

exanple, pictures of a video streamfroma video source 3, e.g. a canera,

a video Fecor%e{hie fGiding RULGiohesi bb'RAREMedh il detaleRins et &  be
Ivided into smal'l'er paort

di vi ded into Hleoeyssem ah Iﬁg}g@é‘,itﬁé?ﬁ%gpgqs_r fhggahﬁ}&ggﬁktﬁsr?fg?e&ﬁ%%%gg%rob(raeduce
20 the i nbor ngRDN5ted Fixe 9 eadsistdder® of Biga10.r B picksesto bhanpededicaror to a
ohcocer 1" i BaiplpciE s g5udlo WippNAe Slkemae aron 40 1
storing sone camera, a video recorder, etc. The |ctures?rames the video stream ca
be divided into smaller portions such as sices. The slices can further be
divided into blocks. In the encoder 1 the video stream is encoded to reduce
20 the information to be transmitted via a fransmission channel 4, or to a storage
media (not shown). Pictures of the video stream are input to the encoder 1.
The encoder has an encoding buffer 1.1 (Fig. 9) for temporarily storing some
of the pictures to be encoded. The encoder 1 also includes a memory 1.3 and
a processor 1.2 in which the encoding tasks according to the invention can be
25  applied. The memory 1.3 and the processor 1.2 can be common with the
transmitting device 6 or the transmitting device 6 can have another processor
and/or memory (not shown) for other functions of the transmitting device 6.
The encoder 1 performs motion estimation and/or some other tasks to
compress the video stream. In motion estimation similarities between the
30 picture to be encoded (the current picture) and a previous and/or latter picture
are searched. If similarities are found the compared picture or part of it can be
used as a reference picture for the picture to be encoded. In JVT the display
order and the decoding order of the pictures are not necessarily the same,
wherein the reference picture has to be stored in a buffer (e.g. in the encoding
35 buffer 1.1) as long as it is used as a reference picture. The encoder 1 also



of the pictures to be encoded. The encoder 1 also includes a nenory 1.3 and
a processor 1.2 in which the encoding tasks according to the invention can
be 25 applied. The nmenory 1.3 and the processor 1.2 can be commopn with the
transmtting device 6 or the transmtting device 6 can have anot her
processor and/or nenory (not shown) for other functions of the
transmtting device 6. The encoder 1 perforns notion estimation and/or
sone other tasks to conpress the vi deo3dtream In notion estination
simlarities between the 30 picture to be encoded (the current picture) and
a previ ous andcos hbiidh 6h UiSlaf'dacieBf HE Bictlrks Shill I Wiah€isaloh T ound
the conpared picture or part o |? can be us é:as a reference picture for
the picture t8r48-encoded. In JVT the display order and the decodi ng order
of the pictures are not necessarily the same, wherein the reference
picture has teieun! Seflind'oRcBl IR eldbdld didluledarE GRS poRtideg" 1 1)
as long as it I's used as_a PeFerence picture. The encoder 1 Fso
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channel 4. | ncarraspaediog@s much ae noseibigeld thpansreed HcurgecBbakcesrdesr m
unconpr essed piceital e puiferetriashenbiPB R, asofnthe ldexsdpoasirtiss I os tdieplaedoded

pi ctures 4nEac ] ! f i e . f ecoder 2
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ibn}/fent i on bot piciufe bdrigeaertheiisgiay pictué baffémty ardcdritsined apd aheypiset ur e
uffering are,conhi . I 2. 1.
This elim nat tgg %e&ﬁg%ogﬁﬂ o[;riagééoﬂrﬁ?ﬁer ztﬂgﬂﬁggﬁmneﬂgfe%ﬂ ﬁge@b%b"{% I er ent
pl aces thus r@a0ePisHrend mlffweméa?ﬁceémr@duqsg e MREOHE FRSHEEMENtSThe
decoder 3s5al sefthedbustRsy 22 nenory 2.3 and a processor 2.2 in which the
decodi ng tasks according to the invention can be applied. The nenory 2.3
and the processor 2.2 can be common with the receiving device 8 or the 20

recei vi ng devike dgcedan Thalge inghsieser Memswe 2shANG ARTBFESSRNBR/N (WHEh Hifown)
decoding tasks according to the invention can be applied. The memory 2.3
and the processor 2.2 can be common with the receiving device 8 or the
20 receiving device 8 can have another processor and/or memory (not shown)

for other functions of the receiving device 8.

Encoding

25 Let us now consider the encoding-decoding process in more detail. Pictures
from the video source 3 are entered to the encoder 1 and advantageously
stored in the encoding buffer 1.1. The encoding process is not necessarily
started immediately after the first picture is entered to the encoder, but after a
certain amount of pictures are available in the encoding buffer 1.1. Then the

30  encoder 1 tries to find suitable candidates from the pictures to be used as the
reference frames. The encoder 1 then performs the encoding to form encoded
pictures. The encoded pictures can be, for example, predicted pictures (P), bi-
predictive pictures (B), and/or intra-coded pictures (l). The intra-coded
pictures can be decoded without using any other pictures, but other type of

35 pictures need at least one reference picture before they can be decoded.



for other functions of the receiving device 8 Encoding 25 Let us now
consi der the encodi ng-decodi ng process in nore detail. Pictures fromthe
video source 3 are entered to the encoder 1 and advantageously stored in
the encoding buffer 1.1. The encodi ng process is not necessarily started
i medi ately after the first picture is entered to the encoder, but after a
certain anount of pictures are available in the encoding buffer 1.1. Then
the 30 encoder 1 tries to find suitabl edtandi dates fromthe pictures to be
used as the reference frames. The encoder 1 then perforns the encoding to

form encoded ppj f T | i i fQl BXamebeas By edi cted
pictures (P), P Mé%roz_csﬁngt %é@%@gﬁérjggéﬁlgy&??ﬁﬁ?%r %ﬁ?r a-ncoded pictures (I).
The i ntra- codeerepePiGl¥d can be decoded without using any ot her pictures,

but other type of 35 pictures need at |east one reference picture before
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the decoder offangmifedto thgidegader ddigoesgiorHee difbder al so for s

sub- sequences on one or nore |layers above the |owest |ayer 0. The pictures

on layer 1@ ar gpd ’ﬁ%@&&&%@é'fé{m%eg&ﬁ%%ﬁenéaeto& BRe 0¥ PbH RFeRNabbwNfle | ayers
may depend on pictures on sone lower 'Tayer of ayers. | h? Z)é’?r%l e of
Fig. 6a thereloest {axer Pajs ictyragop lavelifyarepdpranderiy deﬁ?‘ia(blﬁ’ ¢ P6 and
P12 bel ong t opichred anetighsriaiére mitpeteppnd tomr pistuRis B, sdhfie Riwd?liayarhomn on
Fig. 6a belon | \Y; . g4 18F TBTRYE oups  of
pi ctures (GCP%VE%' Erﬂtgte eg(éc Iel?fcrﬁg'rﬁélg’%g%%? %Aa@g‘ﬁ' lag_%‘ié)gc%ngg? ucbgd by
usi ng only t hbicpires 3.6 apdiii2 belppg dexthe ayep Ohwhilg\SEngs Pictyigs '&P ont ai ns
at | east 1gne pPrdependaswhyoserigdatl belphgtior theatayenl . Adhantagcoaslypitiod ur es
for which the ] hist | - abmigiure. In
t he exanpl e of h‘lt’—b:%g??%}&%ﬁ{é%/%sdgf@&?%e(%@p%?atﬁ;é%(fanuélgfsu?é @ﬂgﬁ? I st
be reconstructed by using only the pictures in the same GOP. In other words,
one GOP contains at least one independently decodable picture and ail the
other pictures for which the independently decodable picture is a reference
20  picture. In the example of Fig. 7, there are two group of pictures. The first
group of pictures includes the pictures 10(0), P1(0), P3(0) on layer O, and
pictures B2(0), 2xB3(0), B4(0), 2xB5(0), B6(0), P5(0), P6(0) on layer 1. The
second group of pictures includes the pictures 10(1), and P1(1) on layer 0, and
pictures 2xB3(1) and B2(1) on layer 1. The pictures on layer 1 of each group
25  of pictures are further arranged as sub-sequences. The first sub-sequence of
the first group of pictures contains pictures B3(0), B2(0), B3(0), the second
sub-sequence contains pictures B5(0), B4(0), B5(0), and the third sub-
sequence contains pictures B6(0), P5(0), P6(0). The sub-sequence of the
second group of pictures contains pictures B3(1), B2(1), B3(1). The numbers
30 in brackets indicate the video sequence ID defined for the group of pictures in
which the picture belongs.

The video sequence ID is transferred for each picture. It can be conveyed
within the video bitstream, such as in the Supplemental Enhancement
35 Information data. The video sequence |D can also be transmitted in the
header fields of the transport protocol, such as within the RTP payload header



group of pictures includes the pictures 10(0), P1(0), P3(0) on layer 0, and
pi ctures B2(0), 2xB3(0), B4(0), 2xB5(0), B6(0), P5(0), P6(0) on |ayer 1.
The second group of pictures includes the pictures 10(1), and P1(1) on

| ayer 0, and pictures 2xB3(1l) and B2(1) on layer 1. The pictures on | ayer
1 of each group 25 of pictures are further arranged as sub-sequences. The
first sub-sequence of the first group of pictures contains pictures B3(0),
B2(0), B3(0), the second sub-sequence cBhtains pictures B5(0), B4(0),

B5(0), and the third sub- sequence contains pictures B6(0), P5(0), PG(?))
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Furthermore, values above 00 indicate the relative transport priority, as
20  determined by the encoder. Intelligent network elements can use this
information to protect more important NALUs better than less important
NALUs. 11 is the highest transport priority, followed by 10, then by 01 and,
finally, 00 is the lowest.

25 The payload part 12 of the NALU contains at least a video sequence ID field
12.1, a field indicator 12.2, size field 12.3, timing info 12.4 and the encoded
picture information 12.5. The video sequence ID field 12.1 is used for storing
the number of the video sequence in which the picture belongs to. The field
indicator 12.2 is used to signal whether the picture is a first or a second frame

30  when two-frame picture format is used. Both frames may be coded as
separate pictures. The first field indicator equal to 1 advantageously signals
that the NALU belongs to a coded frame or a coded field that precedes the
second coded field of the same frame in decoding order. The first field
indicator equal to O signals that the NALU belongs to a coded field that

35  succeeds the first coded field of the same frame in decoding order. The timing
info field 11.3 is used for transforming time related information, if necessary.



of the reference pictures. Values above 00 indicate that the decodi ng of
the NALU is required to maintain the integrity of the reference pictures.
Furt hernore, val ues above 00 indicate the relative transport priority, as
20 determ ned by the encoder. Intelligent network el enents can use this
information to protect nore inportant NALUs better than |ess inportant
NALUs. 11 is the highest transport prrorlty foll owed by 10, then by 01
and, finally, 00 is the |owest. 25 The anl oad part 12 of the NALU
contains at |east a video sequence ID field 12.1, a field indicator 12.2,
size field 12.3, timng info 12.4 and the encoded picture information
12.5. The video se uence ID f 12.1is ed for. storin n nber of
t he video seqﬁ@‘ﬁc@ Fn Ui cﬂgnth 8?]8{9&?% 'Bea‘ﬁﬁﬁ? t'ﬂrﬁgT‘ﬁe p@?léqt ?n IScat or
12.2 is used amremta;gmhswbmbbérmanhethpi clifferenti packedti farmatsr iaclef&oﬁmpfer ame 30
when two-fra ® 4he @ré;q%r?@agﬁ@e TROducré TR PRKeREcEPAtheRbe

res

separate pict i cat or_equal dvant a eousl y
signals Phat dvidedNRIQ Srglelge @Qgéeggga%dpqqkﬁﬁe agg 5’“%%@8 ?9%@3

precedes the pasetsnd coded field of the same frane in decodi ng or der. The
first field indicator equal to O signals that the NALU bel ongs to a coded

field that 35 succeeds the fifrst coded field of fra codi ng
order. The ti fisHgpleiRacketraceplingriost %|ssln\g%rg@nfq9ps§fsaﬁ MY Fat ed

i nformation, birearecospased bﬁﬁec@mlamg SimplesPacketsiie Fﬂér semreede namberf f er ent
Kind of H%Ckeéﬁierkﬁo*la'canfoﬁﬂ PHﬁrt@QfWé @i, the different packet
formats include si ckets an

aggregatr on packets. The aggregation
packets can further be 5 divided into single-tine aggregation packets and
mul ti-tine aggygamation papRetsears. tha packet eaggeedetipnasahendi nf this payicad

| nvention CO”EE@&rﬁqa‘BBBg?ﬁe W%e%%odﬂ&b& to%ﬂ%%@%ﬁ&ﬁ&ll?hﬁerent

decapsul ati ng ts 1n uence nu

conformto t hMTNAE'Z%Pf twe difieesn tﬂ?%@ etﬂ@ﬂrsega‘f“ir Weﬂéc'%'gwgﬁ‘é @}BI’?@ packet
aggr egat i1en smmrmzefthhhnse oftay lliedidd Isypéwe HtinarhetohTUTkizes ehaughlys150@ r oduced

to reliect theyonmatd opl bof slkerest HIBL éﬁ%d)fwrlré/l%sd'ntefvﬁ‘drﬁé‘twﬁwpe of

net wor ks - - ize {sotenlrmted
by the Ether n@fefw grpggmrssropd%hprﬁeggﬁe?m bytes or ess In order 0 prevent

media transcoding between the two worlds, and to avoid undesirable
packetization overhead, a packet aggregation scheme is introduced.
20
Single-Time Aggregation Packet (STAP) aggregate NALUs with identical
NALU-time. Respectively, Multi-Time Aggregation Packets (MTAP) aggregate
NALUs with potentially differing NALU-time. Two different MTAPs are defined
that differ in the length of the NALU timestamp offset. The term NALU-time is
25  defined as the value the RTP timestamp would have if that NALU would be
transported in its own RTP packet.

MTAPs and STAP share the following nonlimiting packetization rules
according to an advantageous embodiment of the present invention. The RTP

30 timestamp must be set to the minimum of the NALU times of all the NALUSs to
be aggregated. The Type field of the NALU type octet must be set to the
appropriate value as indicated in table 1. The error indicator field 11.1 must be
cleared if all error indicator fields of the aggregated NALUs are zero,
otherwise it must be set.

35



bytes), and IP or non-1P (e.g. H 324/ M based wireless networks with
preferred transm ssion unit sizes of 254 bytes or less. In order to prevent
medi a transcodi ng between the two worlds, and to avoid undesirable

packeti zation overhead, a packet aggregation schene is introduced. 20

Si ngl e-Ti me_Aggregation Packet (STAP) aggregate NALUs with identical

NALU-ti me. Respectively, Milti-Tinme Agg ﬁgat I on Packets (MFAP) aggregate
NALUs with potentially differing NALU-t Two different MIAPs are defi ned
that differ in the length of the NALU tinestanp offset. The term NALU-ti me
Is 25 defined as the value the RTP ti mggieanp woul d have if that NALU woul d
be transported in its owmn RTP packet. MIAPs and STAP share the foll ow ng

non- | i m t i ng packetizati-on—u e;—aeee%—ng—(—e—a—n—adva-m—agmﬁeﬁbodl ment
of the presenTypenvent jRatkefThe RTPmedtamp pfisatdield langth(ibbitsdet to t he ni mum

of the NALU {hjpms of pdtaphe NALYs to be aggregated. The Type fieldl of the
NALU type octfet—Tmst—pe_Set _to [Ng appropriate value as rndicated jn table
1. The error M 6 ' i cat or
fields of theogmgregaldvAMNMAUs ap4 zero, otherwise it nmust be set.| 35 37
Table 1 T e Packet Tinestamoffset field len th in bits) 0x18 STAP 0 0x19
MIAP16 16 0x20 MIAP24 24 The NALU Payl oad of an a reg I on packet

consi sts of ohbe INARYr Baylgadfifr 8 Ad96p0alRNT BACKEh 99%8 |Qﬂ"? RAMRYE can

carry as Banyag@egeibat Leits. Amidggrayation gemker yan hmwvvas ndry Bograbatiorount  of
data in an agﬁ@&gg& Crﬁ&ggggrﬁkﬂbwg?%ﬁ ?{ésha{almal%rjﬁﬂ bt 'd&g? ﬁ%@ By @@ g&&dn and

t he size shou sucC smal | er

than the MU pacgket opwossly gnist fit W@O@bfpega?‘?%nam%mgeﬁ'z? §%ﬂ|ﬂﬁ %Bmst?nbe used

whenever agggedethbNBeNodliing IPatackbeis g midier faneh&WIU sizee. The NALU payl oad
of an

10  Single-Time Aggregation Packet (STAP) should be used whenever
aggregating NALUs that share the same NALU-time. The NALU payload of an
STAP consists of the video sequence ID field 12.1 {e.g. 7 bits) and the field
indicator 12.2 followed by Single-Picture Aggregation Units (SPAU).

15  In another alternative embodiment the NALU payload of an Single-Picture
Aggregation Packet (STAP) consists of a 16-bit unsigned decoding order
number (DON) followed by Single-Picture Aggregation Units (SPAU).

A video sequence according to this specification can be any part of NALU
20  stream that can be deceded independently from other parts of the NALU
stream.

A frame consists of two fields that may be coded as separate pictures. The
first field indicator equal to 1 signals that the NALU belongs to a coded frame

25 or a coded field that precedes the second coded field of the same frame in
decoding order. The first field indicator equal to O signals that the NALU
pelongs to a coded field that succeeds the first coded field of the same frame
in decoding order.

30 A Single-Picture Aggregation Unit consists of e.g. 16-bit unsigned size
information that indicates the size of the following NALU in bytes (excluding



STAP consists of the video sequence ID field 12.1 (e.g. 7 bits) and the
field indicator 12.2 followed by Single-Picture Aggregation Units (SPAU).
15 I n another alternative enbodi ment the NALU payl oad of an Single-Picture
Aggr egati on Packet (STAP) consists of a 16-bit unsigned decodi ng order
nunber (DON) followed by Single-Picture Aggregation Units (SPAU). A video
sequence according to this specificatiog can be any part of NALU 20 stream
that can be decoded i ndependently from Sher parts of the NALU stream A
frame consists of two fields that may be coded as separate pictures. The
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the video seq \KH‘ |ng| cator 12.2
and n bits of indiogiaig! 3% REH Mabifoff 1I"‘B'{”‘Q}t'ﬁ %mﬁm for ér ’n WRE[ROY 8 ANy be 16

or 24. TRg ti gigh@ei 16 or ot Tiwn tifire) thidvammtion fielel lsaxt tosbe shiso trmt thmFtTP
timestanp of ﬁ@gﬁéﬁxpfﬁf%fhtﬁ rga%ﬂ&*bf%l:h’t\lpm% thethE/WAté e M%hbﬁ@n can be

enerated b nf or sta of the
? Y be generated by adding the timing |nformat|on trr%m the RTP tlmﬁamprg?t

MTAP.

20 In another alternative embodiment the Muliti-Time Aggregation Packet (MTAP)
consists of the NALU header byte, a decoding order number base (DONB)
field 12.1 (e.g. 16 bits), and one or more Multi-Picture Aggregation Units. The
two different Multi-Time Aggregation Units are in this case defined as follows.
Both of them consist of e.g. 16 bits unsigned size information of the following

25  NALU (same as the size informafion of in the STAP). In addition to these 16
bits there are also the decoding order number delta (DOND) field 12.5 (e.g. 7
bits), and n bits of timing information for this NALU, whereby n can e.g. be 16
or 24. DON of the following NALU is equal to DONB + DOND. The timing
information field has to be set so that the RTP timestamp of an RTP packet of

30 each NALU in the MTAP (the NALUHime) can be generated by adding the
timing information from the RTP timestamp of the MTAP. DONB shall contain
the smallest value of DON among the NAL units of the MTAP.

The behaviour of the buffering model according to the present invention is
35  advantageously controlled with the following parameters: the initial input
period (e.g. in clock ticks of a 90-kHz clock) and the size of the hypothetical



MIAP. 20 In another alternative enbodinment the Miulti-Ti ne Aggregation
Packet (MIAP) consists of the NALU header byte, a decodi ng order nunber
base (DONB) field 12.1 (e.g. 16 bits), and one or nore Multi-Picture
Aggregation Units. The two different Multi-Tinme Aggregation Units are in
this case defined as follows. Both of them consist of e.g. 16 bits

unsi gned si ze information of the followﬁyg 25 NALU (sane as the size
information of in the STAP). In additionto these 16 bits there are also
t he decodi ng order nunber delta (DOND) field 12.5 (e.g. 7 bits), and n

bits of tim gﬁc'k@fi‘?l BbiSd Y. it 'E’?(ﬁesWr‘éafer%@r %Ydéfat@lamlt%lgnpm@eﬂxﬁd or 24.
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i nfornmation fé@ﬂ?ﬁ%&gsél mestanp of the MIAP. DONB shall contain the
smal | est val ue o anong the NAL units of the MIAP. The behavi our of the
bufferi ng5m)del according to the present invention is 35 advant ageousl y
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PSS clients mayimingwieot titiate isagefiriedi aogotsfing ko ihedyidee §0d!agg>é9fll%@1 er in
t he capal?bl |t MyelSKG nge process. 5 The maxi mum vi deo bit-rate can be
signall ed, for exanple, in the nedia-level bandw dth attribute of SDP, or
in a dedicated SDP paraneter. If the video- |evel bandwi dth attribute was
not present ilith@amErestenvaluiesrodesach ispeaoncan ive sigaalledunittinde $PP-rate is

defined accorging-is bf éﬁ@é}nCW'é}erw{@Dsuhg tﬁ@dﬂll\ﬂ@tﬁp@vgéramtersa)r Initial
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the correspongdhpdudeliplidd gRarAIR! Bhusdibdieplaylid Haiuam Bbginahyest wet hin the
stream until the end of the stream (assuming a constant-delay reliable
fransmission channel).

20 PSS servers may update parameter values in the response for an RTSP
PLAY request. If an updated parameter value is present, it shall replace the
value signalled in the SDP description or the default parameter value in the
operation of the PSS buffering model. An updated parameter value is valid
only in the indicated playback range, and it has no effect after that. Assuming

25  a constant-delay reliable transmission channel, the updated parameter values
guarantee pauseless playback of the aciual range indicated in the response
for the PLAY request. The indicated size of the hypothetical input packet
buffer and initial input period shall be smaller than or equal to the
corresponding values in the SDP description or the corresponding default

30 values, whichever cnes are valid.

The server buffering verifier is specified according to the specified buffering
model. The model is based on a hypothetical packet input buffer.

35  The buffering model is presented next. The buffer is initially empty. A PSS
Server adds each transmitted RTP packet having video payload to the



SDP descri ption guarant ee pausel ess playback fromthe begi nning of the
streamuntil the end of the stream (assum ng a constant-delay reliable
transm ssion channel). 20 PSS servers may update paraneter values in the
response for an RTSP PLAY request. If an updated paraneter value is
present, it shall replace the value signalled in the SDP description or
the default parameter value in the operation of the PSS buffering nodel.
An updat ed paraneter value is valid ﬁ@ in the indicated playback range,
and it has no effect after that. Assun1ng 25 a constant-delay reliable
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performs the L ng process to ensure that the encoded
vi deo stream iageor e@gé Z%?’eaccgcc ding to the set paraneters, or if the

hypot heti cal reference decoder 5 notices that e.g. the picture buffer 5.2
of the hypot hghiGlcodieg emenenstiitingetevice 1, such as a PSS server, shall verify

that a transmitted RTP packet stream complies with the following
20  requirements:

- The buffering model shall be used with the default or signalled
buffering parameter values. Signalled parameter values override the
corresponding default parameter values.

- The occupancy of the hypothetical packet input buffer shall not exceed

25 the default or signalled buffer size.

- The output bitstream of the hypothetical packet input buffer shall

conform to the definitions of the Hypothetical Reference Decoder.

When the buffering model is in use, the PSS client shall be capable of
30 receiving an RTP packet stream that complies with the PSS server buffering
verifier, when the RTP packet stream is carried over a constant-delay reliable
transmission channel. Furthermore, the decoder of the PSS client shall output
frames at the correct rate defined by the RTP time-stamps of the received
packet stream.
35



overflows, the buffer paraneters can be nodified. In that case the new 15
paraneters are also transmtted to the receiving device 8, in which the
buffers are re-initialized accordingly. The encoding and transmtting
device 1, such as a PSS server, shall verify that a transmtted RTP packet
streamconmplies with the followng 20 requirenments: The buffering node
shall be used with the default or signahhed buf fering paraneter val ues.

Si gnal | ed paraneter val ues override the "correspondi ng default paraneter
val ues. The occupancy of the hypothetical packet input buffer shall not

exceed 25 thefefidldn or signalled buffer size. The output bitstream of
t he hypot heticalr packet input buffer shall conformto the definitions of

t he Hypot hetical Reference Decoder. Wen the buffering nodel is in use,
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35 41 Transm ssion The transm ssion and/or storing of the encoded pictures
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15 reordering process need be defined clearly and normatively.

De-packetizing

The de-packetization process is implementation dependent. Hence, the

20 following description is a non-restrictive example of a suitable implementation.
Other schemes may be used as well. Optimizations relative to the described
algorithms are likely possible.

The general concept behind these de-packetization rules is to reorder NAL
25 units from transmission order to the NAL unit delivery order.

Decoding

Next, the operation of the receiver 8 will be described. The receiver 8 collects
30 all packets belonging to a picture, bringing them into a reasonable order. The
strictness of the order depends on the profile employed. The received packets
are stored into the receiving buffer 9.1 (pre-decoding buffer). The receiver 8
discards anything that is unusable, and passes the rest to the decoder 2.
Aggregation packets are handled by unloading their payload into individual
35 RTP packets carrying NALUs. Those NALUs are processed as if they were
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De- packeti zing The de-packetization process is inplenentation dependent.
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When the receiver buffer 9.1 contains at least N VCL NAL units, NAL units are
removed from the receiver buffer 9.1 one by one and passed to the decoder
2. The NAL units are not necessarily removed from the receiver buffer 9.1 in
20 the same order in which they were stored, but according to the video
sequence ID of the NAL units, as described below. The delivery of the
packets to the decoder 2 is continued until the buffer contains less than N

VCL NAL units, i.e. N-1 VCL NAL units.

25  In Fig. 12 an example of buffering the transmission units in the predecoder
buffer of the decoder is depicted. The numbers refer to the decoding order
while the order of the transmission units refer to the transmission order (and
also to the receiving order).

30 Hereinafier, let PVSID be the video sequence ID (VSID) of the latest NAL unit
passed to the decoder. All NAL units in a STAP share the same VSID. The
order that NAL units are passed to the decoder is specified as follows: If the
oldest RTP sequence number in the buffer corresponds to a Simple Packet,
the NALU in the Simple Packet is the next NALU in the NAL unit delivery

35 order. If the oldest RTP sequence number in the buffer corresponds to an
Aggregation Packet, the NAL unit delivery order is recovered among the
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2. The NAL units are not necessarily renoved fromthe receiver buffer 9.1
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distance. If § Its share e sanme VSID distance, the order to
pass themto t"l@efC’”%B@der shaII conformto the NAL unit delivery order
defined i1 this specification. The NAL unit delivery order can be

recovered as gdesciihed i lath RanfiBht QW Aociated with pictures according to their
frame numbers, RTP timestamps and first field flags: alt NALUs sharing the
same values of the frame number, the RTP timestamp and the first field flag
belong to the same picture. SEI NALUs, sequence parameter set NALUSs,
20 picture parameter set NALUs, picture delimiter NALUs, end of sequence
NALUs, end of stream NALUs, and filler data NALUs belong to the picture of
the next VCL NAL unit in transmission order.

Second, the delivery order of the pictures is concluded based on nal_ref_idc,

25  the frame numbex, the first field flag, and the RTP timestamp of each picture.
The delivery order of pictures is in ascending order of frame numbers (in
modulo arithmetic). If several pictures share the same value of frame number,
the picture(s) that have nal_ref_idc equal to O are delivered first. If several
pictures share the same value of frame number and they all have nal_ref_idc

30 equal to 0, the pictures are delivered in ascending RTP timestamp order. If
two pictures share the same RTP timestamp, the picture having first field flag
equal to 1 is delivered first. Note that a primary coded picture and the
corresponding redundant coded pictures are herein considered as one coded
picture.

35



15 First, slices and data partitions are associated with pictures according
to their frame nunbers, RTP tinmestanps and first field flags: all NALUs
sharing the sanme values of the frame nunber, the RTP tinestanp and the
first field flag belong to the sane picture. SEI NALUs, sequence paraneter
set NALUs, 20 picture paraneter set NALUB picture delimter NALUs, end of
sequence NALUs, end of stream NALUSs, filler data NALUs belong to the
picture of the next VCL NAL unit in tr sm ssion order. Second, the
delivery order of the pictures is concluded based on nal _ref_idc, 25 the
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packet in NAbngﬂétt }r%ehmgrm me@gﬁy@mﬁcms(tﬁem NALY fetheNADendit can be

decoder b 0. doieds gitse e Porel Mo ousne publhie tizb: BR5g0nas the
speci fi ed5as twah dggregafion Phekes) theNAIRTRt deliyepnewenisnieepvarad emeng e er
corresponds t a2 ()3 fByed in Aggregation Packets in RTP sequence number order
until the next Simple Packet (exclusive). This set of NALUs is hereinafter
referred to as the candidate NALUSs. If no NALUs conveyed in Simple Packets
reside in the buffer, all NALUs belong to candidate NALUs.
20
For each NAL unit among the candidate NALUs, a DON distance is calculated
as follows. If the DON of the NAL unit is larger than PDON, the DON distance
is equal to DON — PDON. Otherwise, the DON distance is equal to 2°(number
of bits o represent an DON and PDON as an unsigned integer) — PDON +
25  DON. NAL units are delivered to the decoder in ascending order of DON

distance.

If several NAL units share the same DON distance, the order o pass them to
the decoder is:

Picture delimiter NAL unit, if any

Sequence parameter set NAL units, if any

Picture parameter set NAL units, if any

SEI NAL units, if any

Coded slice and slice data partition NAL units of the primary coded
35 picture, if any

30
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Packet, the NALU in the Sinple Packet is the next NALU in the NAL unit
delivery order. If the ol dest RTP sequence nunber in the buffer corresponds
15 to an Aggregation Packet, the NAL unit delivery order is recovered anong
the NALUs conveyed in Aggregation Packets in RTP sequence number order
until the next Sinple Packet (exclusive). This set of NALUs is hereinafter
referred to as the candidate NALUs. If pno NALUs conveyed in Sinple Packets
reside in the buffer, all NALUs bel ong #9 candidate NALUs. 20 For each NAL
unit anong the candi date NALUs, a DON di stance is calculated as follows.

[T the DON ofgthe Mg Wibd ahd A1 AN urk ' i
: slicH g&8fa AN unit of BXA\rediuatiamcsbdetis equal
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par anet er Sset 9-NAL Rk af gtream NfyUnig if 88Yct ure parameter set NAL units, if any
4. SEI NAL units, if any 5. Coded slice and slice data partition NAL units
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slice head_er.dﬂ!kyﬁéfdvéf’f; B and C 10 data partitions immediately follow the
correspondi ng A data partition in

The following additional de-packetization rules may be used to implement an
operational JVT de-packetizer: NALUs are presented to the JVT decoder in

15  the order of the RTP sequence number. NALUs carried in an Aggregation
Packet are presented in their order in the Aggregation packet. All NALUSs of
the Aggregation packet are processed before the next RTP packet is
processed.

20 Intelligent RTP receivers (e.g. in Gateways) may identify lost DPAs. If a lost
DPA is found, the Gateway MAY decide not to send the DPB and DPGC
partitions, as their information is meaningless for the JVT Decoder. In this way
a network element can reduce network load by discarding useless packets,
without parsing a complex bit stream.

25
Inteliigent receivers may discard all packets that have a NAL Reference Idc of
0. However, they should process those packets if possible, because the user
experience may suffer if the packets are discarded.

30 The DPB 2.1 contains memory places for storing a number of pictures. Those
places are also called as frame stores in the description. The decoder 2
decodes the received pictures in correct order. To do so the decoder
examines the video sequence ID information of the received pictures. If the
encoder has selected the video sequence ID for each group of pictures freely,

35  the decoder decodes the pictures of the group of pictures in the order in which
they are received. If the encoder has defined for each group of pictures the



delivery order. The foll ow ng additional de-packetization rules maybe used
to inplenent an operational JVT de-packetizer: NALUs are presented to the
JVT decoder in 15 the order of the RTP sequence nunber. NALUs carried in
an Aggregation Packet are presented in their order in the Aggregation
packet. Al NALUs of the Aggregation packet are processed before the next
RTP packet is processed. 20 InteIIigen# RTP receivers (e.g. in Gateways)
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al so a transmimarer PrECESSOrs ahdnia2 t WRICR nEYH RENHIBr G Jrecessary
15 controlling the encoding/decoding process of video stream according to the
invention. Therefore, the method according to the present invention can
mainly be implemented as machine executable steps of the processors. The
buffering of the pictures can be impiemented in the memory 1.3, 2.3 of the
devices. The program code 1.4 of the encoder can be stored into the memory
20  1.3. Respectively, the program code 2.4 of the decoder can be stored into the

memory 2.3.

It is obvious that the hypothetical reference decoder 5 can be situated after
the encoder 1, so that the hypothetical reference decoder 5 rearranges the

25  encoded pictures, if necessary, and can ensure that the pre-decoding buffer
of the receiver 8 does not overflow.

The present invention can be implemented in the buffering verifier which can
be part of the hypothetical reference decoder 5 or it can be separate from it.

30



to the transm ssion channel 4. The receiving device 8 include the receiver
9 to 10 receive the encoded pictures, the decoder 2, and a display 10 on
whi ch the decoded pictures can be displayed. The transm ssion channel can
be, for exanple, a landline conmunication channel and/or a wreless
communi cati on channel. The transnitting device and the receiving device

i nclude al so one or nore processors 1. 2.2 which can performthe
necessary steps for 15 controlling the encodi ng/ decodi ng process of video
stream according to the invention. TQﬁéﬁﬁgre t he met hod according to the
present invention can mainly be inpl e&mented as nmachi ne executabl e steps of
the processors. The buffering of the pictures can be inplenented in the
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transm ssion units having been ordered in a transm ssion order whi ch is at
| east partly differ nt fro ecodl g qrder of th datal dat a
transm ssi oR- GRetaet QGrﬁ‘iFPéa"P% %lﬁfrﬂﬁmﬁvcl?rgf'}@etﬁiﬁ sﬁgleﬁdfqeé)racfw lngB angi ng
dat a transniss64HAMG ahd data tranediisom udits aod netveorkeabstractien ilayemqunéts of
buffering alr'f?%%% and defining the size of the buffer to correspond to
the maxi mun cy of the buffer according to the buffering algorithm
2. The nethod according to claim1l, wherein nedia data is video according

to  H 264/ AYCTARGNGHOR 4B 36 chfim ) futti¥rcdtRbRIrg 8RFbafdrsPissiier
unlts into a buffer until the buffer has a number of transmission units indicated
by an interleaving depth value and removing transmission units from the
buffer according to a number indicating the decoding order.

4. A method for receiving media data encapsulated in data transmission units,

the data transmission units having been ordered in a transmission order which

is at least partly different from a decoding order of the media data in the data

transmission units, comprising

- buffering the media data for arranging data transmission units in decoding
order of the media data,

- receiving information on a buffer size for arranging data transmission units
in decoding order of the media data,

- defining a buffering algorithm, and

- arranging the size of the buffer to correspond to the maximum occupancy
of the buffer according to the buffering algorithm.

5. The method according to claim 4, wherein media data is video according to
H.264/AVC and data transmission units are network abstraction layer units of
H.264/AVC.



3. The method according to claim 1, further conprising storing transm ssion
units into a buffer until the buffer has a nunber of transm ssion units
indicated by an interleaving depth value and renoving transm ssion units
fromthe buffer according to a nunber indicating the decoding order. 4. A
met hod for receiving nedia data encapsulated in data transm ssion units,
the data transm ssion units having been48rdered in a transnission order
which is at least partly different froma decoding order of the nedia data
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buffer accordlng to the buffering algorithm.

8. The system according to claim 7, wherein the buffer is arranged to store
transmission units until the buffer has a number of transmission units
indicated by an interleaving depth value, and the buffer is arranged to remove
transmission units from the buffer according to a number indicating the
decoding order.

9. An encoder for encoding pictures comprising a transmitter for transmitting
said encoded pictures to a decoder as transmission units for buffering in a
buffer and decoding, the transmission units having been ordered in a
transmission order which is at least partly different from a decoding order of
the media data in the fransmission units, wherein the encoder further
comprises a definer for defining the buffer size, and the size of the buffer is
defined to correspond to the maximum occupancy of the buffer according to a
buffering algorithm.

10. The encoder according to claim 9, wherein in the buffering algorithm
transmission units being stored into a buffer until the buffer has a number of
transmission units indicated by an interleaving depth value, and removed from
the buffer according to a number indicating the decoding order.



the buffer size is defined to correspond to the maxi num occupancy of the
buffer according to the buffering algorithm 8. The system according to
claim7, wherein the buffer is arranged to store transmi ssion units until
the buffer has a nunber of transmi ssion units indicated by an interleaving
depth value, and the buffer is arranged to renobve transm ssion units from
the buffer according to a nunber indi cal49ng the decoding order. 9. An
encoder for encoding pictures conprising a transmtter for transmtting
sai d encoded pictures to a decoder as transm ssion units for buffering in a
buf fer and decoding, the transm ssion units having been ordered in a
transmi ssi ol 1oiTerendodeh aceording Easlalrpé}t whenelim drfarther compssesedaiffie or der
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according to a bufferi ng aI gorlthm 10. The encoder according to claim9,
wherein in the uffer or i ransm,ssi on. units b t nto a
buf fer unti I1E t£ Qﬁ‘f’q gscﬂ ngtheofencppgasmcg.g?gnfsor f"o[rélﬁnqiocfercg?gg by an
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decodi ng th enco pi ctures form n 0 I Cct nprising a
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for the pre-de I n according to a received paranmeter indicative
of the buff&q E’P&g”g%ﬁﬁ;qnﬁg“pre-decodi ng buffer is arranged to operate

according to a buffering algorithm and the buffer size is defined to
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pr e- decodi n@reangedr to store transmission units until the pre-decoding buffer has a
number of transmission units indicated by an interleaving depth value, the
pre-decoding buffer is arranged to remove transmission units from the pre-
decoding buffer according to a number indicating the decoding order.

14. A computer readable medium for storing a software program, which
program, when executed by a processor of a decoder, causes the processor
to perform a method for buffering encoded pictures, the method including a
buffering step for buffering transmission units transmitted to the decoder in a
buffer, and a decoding step for decoding the encoded pictures for forming
decoded pictures, the transmission units having been ordered in a
transmission order which is at least partly different from a decoding order of
the encoded pictures encoded in the transmission units, wherein the
software program further comprising an arranging step for arranging
transmission units in decoding order of the encoded pictures, a receiving step
for receiving information on a buffer size for arranging transmission units in
decoding order of the encoded pictures, a defining step for defining a
buffering algorithm, and a defining step for defining the size of the buffer to
correspond to the maximum occupancy of the buffer according to the
buffering algorithm.



arranged to store transm ssion units until the pre-decoding buffer has a
nunber of transm ssion units indicated by an interl eaving depth val ue, the
pre-decodi ng buffer is arranged to renove transm ssion units fromthe pre-
decodi ng buffer according to a nunber indicating the decoding order. 14. A
conput er readable mediumfor storing a software program which program
when executed by a processor of a decod®®, causes the processor to perform
a method for buffering encoded pictures, the method including a buffering

tep for buff

butfer . and 18- dsbosr U ugepaReRElRIh RERMING XS ddim 12, UHEREE B
decoded pi ctbluiﬁeﬂng tat@nthantransmlS@mmumts arexslangd helera @uﬁ‘@r gotil thegbuffer
transm ssi op, gg dﬁj(ﬁrurﬁ(%r%? trahsgh |%|ﬁ§ﬁn|ﬁ>afnﬁtdét§d B@%rﬁﬁteﬂé%@d@%ﬂpdélﬁﬁ or der

of the enco pr ctures enco transm Ssi on H £ t he

sof t war e pr@glda'fﬂmw%f@”btfﬁpbﬁi@rn@c%dﬁ‘ﬂr@n@ nYnkerdpaics '”%F'?%ﬁ’&icﬂ ing
transm ssi ogrga ts i n decoding order of the encoded pictures, a receiving
step for receiving information on a buffer size for arranging transm ssion
units in decoding order of the encoded pictures, a defining step for
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An el ect r oniggcdrithg ®o bpufferingdilgwrithinct ures conprising an encoder for
encoding pictures, and a transmtter for transmtting said encoded pictures

to a decoder as transmssion units for buffering in a buffer and decodi ng,
wher ei n t he 1. €The aectrahy idevideuactanding tpralains 18, adienein iarthentering
define the f pgad BN h
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removed from the buffer according to a number indicating the decoding order .

18. A transmitting device, which comprises an encoder for encoding pictures
comprising a transmitter for transmitting said encoded pictures to a decoder
as transmission units for buffering in a buffer and decoding, wherein the
transmitting device further comprises a definer arranged to define the buffer
size to correspond to the maximum occupancy of the buffer according to a
buffering algorithm.

19. The transmitting device according to claim 18, wherein in the buffering
algorithm transmission units are stored into a buffer until the buffer has a
number of transmission units indicated by an interleaving depth value and
removed from the buffer according to a number indicating the decoding order.

20. A receiving device, which comprises a decoder for decoding encoded
pictures for forming decoded pictures, and a pre-decoding buffer for buffering
received encoded pictures for decoding, wherein the receiving device further
comprises a processor arranged to allocate memory for the pre-decoding
buffer according to a received parameter indicative of the buffer size,
wherein, according to a buffering algorithm, the pre-decoding buffer is



algorithmtransm ssion units are stored into a buffer until the buffer has
a nunber of transm ssion units indicated by an interleaving depth val ue
and renoved fromthe buffer according to a nunber indicating the decoding
order. 18. Atransmtting device, which conprises an encoder for encoding
pictures conprising a transmtter for transmtting said encoded pictures
to a decoder as transm ssion units for5ﬂuffering in a buffer and decodi ng,
wherein the transmtting device further conprises a definer arranged to

define the buff ' d, fia t g i
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transm ssion units ( y. an | nterl eaving depth val ye_and renoved
from t he buftr@sTiSYeR ity of SneodahBIErER dOM eBrersieasiag BETET ereniing 20, A
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further comyffes ascardprgpinatedufering radgatithion. al | ocat e menory for the
pre-decoding buffer according to a received paraneter indicative of the
buffer size, wherein, according to a bufferin alﬁorLthnl the pre-decoding
buffer i s 521.dMhearapeiving devinecaceardingi selghn Lﬂ%,t‘% efein RIGHERP previgess
until the pr toﬂﬁﬁ%% Wzﬁmf\m‘ aRaSdata NHHHARIsSIbN WUnB AFe SRdtwBri Abéteadtioni cat ed
by an interleavin d?ﬁt %Skge, and the pre-decoding buffer is arranged to
renove trark@YRr4Nitg et kh2e4/ -encoded pictures fromthe pre-decodi ng buffer
according to a nunber indicating the decoding order, and the received
paranmeter indicative of the buffer size corresponds to the maxi num
occupancy of the buffer according to the buffering algorithm 21. The
recei ving device according to claim 20, wherein pictures are video
according to H 264/ AVC and data transm ssion units are network abstraction
| ayer units of H 264/ AVC



