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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 MPEG4 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. Conversational 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.
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of nost_of today''s video codecs, a macrobl ock-based coder 30 that utilizes
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20 same standard text as ITU-T Recommendation H.264 and ISO/MEC
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 tfransform,
quantization, motion search/compensation, and the loop filter. it follows the
general concept of most of today's videc codecs, a macroblock-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 Macroblocks in slices are ordered in scan order unless a different macrobiock
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interleaved nanner. The arrows in these and all the subsequent figures
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such applications that do not have an out-of-band transport channel
appropriat e gk dfle PR Selddifon® YHALYE I HEnPTtybBE Bf BRiporal scalability
schemes. Figure 1 shows an example of a temporal scalability scheme, which
is herein referred to 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 intfo 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
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Transmission order

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 decoupied from the display order.
The picture number indicates decoding order and the picture order
35 count indicates the display order.
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dependencies. Note that picture B17 is a reference picture for pictures B18.
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. Gonventionally, 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
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no or little role. Instead, received data is decoded as fast as possible provided

20 that there 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 1ISO Base Media File Format, DTS is dedicated its own box type,
Decoding Time to Sample 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
si‘milarly to the picture number of H.263. The JVT coding standard specifies a
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supposed to be displayed. A presentation tinestanp is 30 also called a
di spl ay ti nFhediRe3qitione nuimbstardy T flade oupder ©f @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. f several norrreference 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
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server and TRHAHESHN o® matimedid steshe stream the server begins to
transmt the desired stream 1The

A multimedia streaming system consists of a streaming server and a number
of players, which access the server via a network. The network is typically

20 packet-oriented and provides little or no means to guaranteed quality of
service. The players fetch either pre-stored or five multimedia content from the
server and play it back in reaHime 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
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at the sane situation, its buffers overflow, and sone packets
get 25 | ost.: TeghSmissib Qr'rér tion and packet delivery in different order than
transnilbted are al so possible but they are typically considered to be |ess
conmon than H&‘é‘é?é tJv@Srﬁ@i% tyPas be trafEhriédionayrons, sranisly bitusrestsand packet

' Pl ement at Ie?Por(s) f Blt 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 fransmitted 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  lost. 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 transmitter 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 nonacknowledged. An acknowledged connection is such
that the integrity of a radio link frame is checked by the recipient (either the
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Work is going o% gn F to standardi ze a sel ective retransm ssion request
mechari®m as a part of RTCP. A conmon feature for all of these
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be received before its scheduled playback time. Some commercial Internet
streaming systems implement retransmission requests using proprietary
20 protocols. Work is going on in IETF to standardize a selective retransmission
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

25 traffic may increase drastically. Consequently, multicast streaming
applications have to rely on non-interactive packet loss control.

Point-to-point streaming systems may also benefit from nondinteractive error
control technigues. First, some systems may not contain any interactive error
30 contro! 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 control 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,
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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 a 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 to 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
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sequences
picture shall reside in one sub-sequence layer and in one sub-sequence only.

A sub-sequence shall not depend on any other sub-sequence in the same or

20 in a higher sub-seguence 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 O 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, eic. 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
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or der, mﬁtﬂguh any intervening picture, the value of idrjic_id shall )
change fro PIB9%] r st 1 DR picture to the other one. If the current picture
resides in a sub-sequence whose first picture in decoding

Each IDR picture contains an identifier {dr_pic_id). If two IDR 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, underlined characters indicate non-reference pictures, and arrows
35 indicate prediction dependencies. If pictures are transmitted in order 10, P1,
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but Buffering

Streaming clients typically have a receiver buffer that is capable of storing a
relatively large amount of data. Initially, 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
o5  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 data. 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. Goded slices and
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conversational packet switched multinedia systens, e.g., in |IP-based video
conf er dfci ng systens, different types of nedia are nornmally 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
pericd (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 place 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 to 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 buiffers the incoming data for a certain
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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 initiai 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—ratgs,
well-designed 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
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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 stream 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
pbuffer, 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 overfiows, 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 10

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
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specification. The output order conformance refers to the ability of the
decoder to recover t he out put order of pictures 10 correctly. The HRD
speci fi cat lglerlea¥ind o o "bunpi ng decoder" nodel that

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 payicad and MIME type

25  specifications contain the possibility to signal 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 gbhhods7ethet he decoder to output pictures at thecyarmmopasesns the
HRD nodel does. The output timestanp of a picture nust always be equal to
or smaller 15 than the time when it wodl®d be renoved fromthe "bunping
decoder". Interleaving Franme interleaving is a commonly used technique in
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in the present invention 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

20 on the basis of the total size. In addition to the total size it may be necessary
to take into account a network fransmission 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 @ 9fuskdd7e Whi ch i ncreases encodi ng and transm ssI/PR@sedszad i . e.
decreases the conpression efficiency and/or increases systemconplexity. 15
The maxi mum si ze of the transmi ssion urQ@ shoul d be | arge enough wherein
the total size of the buffer nay be unnecessarily large. In the present
invention the buffer size is defined so that the total size of at |east
two transm ssion units is defined and the maxi mum buffer size is defined

20 on the b@%’rfeﬁ{bobh?ehpbﬁthes' esent mmﬁibrim@ tmbbeof ehabnigsien iunitsny be
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fractional 30 nunber of the necessary buffer size in terns of the nunber
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i s of
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i nvention the nunber of 35 transmi ssion units used in the cal cul ation of
the total size is the sane as the ssary, buffer size in.t . of the
nunberGof  p 4he folowioas g fdepengsnnBEiE senseten pEssb iPsh GouDF Bickire' 01
enmbodi ment (picludhes) b e Mext IDR pidtore (dxelusive)én detodingradessi on units used
in the calculation of the total size is expressed as in buffering order of

the transm ssion units. The buffering order relates to the order the 5
transni ssi dn thei psesent inveftiored iparametere sigralling thel gpayintgmi agounh of

Pﬁf fering rB{q &g | E\Jf?é}ﬁ}%r%dﬁ%eo@“ﬁﬁﬁérai-r?ﬁité e N Riakietsr dRdreni ng
e size of e recel Vi ufter to the decoder. In the follow ng, an
i ndepdBdentcoasidesedisdwatons byips: codas pichiresn RRIeS e NAL UNitg; %I&Y\P@% to
the next | RRNAICLHRE rRXRTPSpAEKets Br BaFIodEBISpEEH/ing tie dimeupt ofdisbrder
' nvention ?n %%rrgtrirgr% %Ewgt'e %acljéﬁgrgdetn%?( g&)év'eréwqh%nﬁgﬂstsmfjsfsion 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 SE! and



required buffering, is proposed. Several units for such paraneter were 15
consi dered: duration, bytes, coded pictures, frames, VCL NAL units, all

t ypes of Mlz(g Rhdesp and RTP packets or payl oads. Speci f yicigriidososvamunt of
di sor der uration causes a dependency between the transmi ssion bit rate

and the specified duration to conclude2ihe required anount of buffering in
bytes. As the transmssion bit rate is not generally known, the
duration-based approach 20 is not used. Specifying the_anount of disorder
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uni tdeli Verp%rgﬁi% or caar})%oE% s%\gcfffé% ac %lur |Iy 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 hypotheticat buffering model that does not
assume a constant input bit rate, but rather requires that streaming servers
shall include the model to guarantee that the transmitied 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 also 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
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t he transmiggdérgrthe other component reorders the coded data from the decoding order
to another order and forwards the coded data in its reordered form to 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 ftotal 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-
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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 transmission 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 equal 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
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Let DON of one Nttures,ifdamy D1 and DON of another NAL unit 30 be D2. If D1l <

D2 and D2 D1 847 ks 2 and D1 - D2 >= 32768, then the NAL
uni t havi n7'DC]\l?:e”(?uac16£?%lb@;[géDife s.the NAL unit having DON equal to D2

i n NadSuni 18.del iBnst9f spawence NAbunit, iban¥nd D2 - D1 >= 32768, or if DI > D2

and D1 - D3 < 3%RPof dthim NXL DWik, itahg. having DON equal to D2 precedes the
NAL unit having DON equal to DL in NAL unit 35 delivery order. NAL units

associated with different primary coded pictures do not have the sane
val ue of DQMe pisenhinventiors mpraived the thiffefing ssfficiepcy obithe ey 8§seNeD70

PCT/ F12005/I§’y58§)|ﬁﬁ tl%é1 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-decading 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 presents 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 saGosisatatdo Wi th the prinmary coded picture shoul 8CREN2§03/$E0Rane
value of DON as the NAL units of the primary coded picture. The NAL unit
delivery 5 order of NAL units having t h@dsane val ue of DON is preferably
the following: 1. Picture delimter NAL unit, if any 2. Sequence paraneter
set NAL units, if any 3. Picture paraneter set NAL units, if any 4. SEl
NAL units, if any 10 5. Coded slice and slice data partition NAL units of
the primry I&3 arid §b ur ediscfosanifférenCpdedas| riurebenty stherresifarapigiaras ti on
NAL units of the redu dantdc(gdﬁ% 33} %res, if any 7. Filler data NAL
.units, if any 15 8. &MGPOE a QR 'unit, if any 9. End of stream NAL
unit, if any. The present invention inproves the buffering efficiency of

t he codigng t . | h%[f% e LN } telarh S {iRdg €

-i nform tshe m‘oﬁﬁg ﬁqlé%sggav{/{ n@%h%tpf)rg- @%ﬁ??&f%ﬂf(gﬁ?ﬁ?ﬁ% ?l?a%ui red.
Therefore, there is rs@avesees atlgyebdate nore menory for the pre-decoding
buffer than necessary in the decoding device. Al so, pre-decoding buffer
overfl ow can_be_avoi ded. Description of the Drawin . Fi an
exanpl e of &i@9Lr si \F@sql‘é'?ﬁﬁﬁ%lexgw?%ﬂfpim %%ﬁgﬁ@vpgﬁﬁa!@gg%%gf@%gchem
“referred to as Video ﬁﬁﬁdwyjmng Sopliseguencésatlagesdquence of pictures is
divideq into two or nore 30 independently coded threads in an interl eaved
manner , O g. 3 presents an exanple of a prediction structure potentially

i nprovi ng cigressi ondisfldses ancgxarsplerpya pichiressiieamaef ditterpnteawup: o
intra picture postponey nmet hod that can be used to inprove error
resiliency, WO 2005/ 0/9Y " PCT/ FI 2005/ 050032 25

Fig. 7 discloses another example of a picture stream containing sub-
15 sequences at layer 1,
Fig. 8 depicts 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.
cont ai niwg 28esm7967equences at |ayer 1, Fig. 6b di scl 0sesPEHFRUERIIE20f a

pi cture stream containing two group of %gictures havi ng sub-sequences at

| ayer 1, 10 Fig. 6¢ discloses an exanpl€’of a picture streamof different
group of pictures, Fig. 7 discloses another exanple of a picture stream
cont ai ni ng sub- 15 sequences at |layer 1, Fig. 8 depicts an advant ageous
enbodi ment of the system according to the present invention, 20 Fig. 9

depi cts an advant ageous eBietailet Bese 11K- ARy ding to the present
I nvention, Fig. 10 depicts an advant ageous enbodi nent of the decoder
according to the present invention, 25 Fig. 1la discl oses an exanpl e of

the NAL packee geoesmmhconeepirbelind sle-packetizaion rles 15 ie JeRioer HANKMIEHONE g.
11b di %Loﬁ.ﬁﬁtsa&ﬁ’éﬂ“% RARTDRIES Bbnt RandMisHes kabef @ e NAL amit dacodiigbe
e

used wi present invention, and Fig. 12 depicts an exanpl e of
buf f eri ng d¥def-ansni ssion units in a predecoder buffer. WO 2005/079070
PCT/ F12005/ 050032 26 Detail ed Description of the Invention The general

such b5 NALTIR 4G ot ghristan enfBoeivan BOITaE (Oria PRRIELRe BATeH, BRI s e *
The recei vep reorderqrckets feomi tvansrhistioer order ta the e utédesadingrgrdenninch i s
o 10 AT of e rpsutaredn I Lol s s
buf f er si zesatsin 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 iq the packet
stream in NAL unit transmission order and follow the VCL NAL unit in
decoding order. ¥ 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 units 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
deint- buf-size parameter, for exanple to a value 1.2 * the val ue of

dent - buf lr;g%E parameter. The receiver may al so takerhwhbosdona for
transm ssi on g{e ay jitter into account and either reserve a separate

buffer for transm ssion delay 15 jitter2@uffering or conbine the buffer for
transm ssion delay jitter with the receiver buffer (and hence reserve sone
addi tional space for delay jitter buffering in the receiver buffer). The

recei ver sterdé maecooidit NUMEmarameterr iscpiesesh Witddheivalue oh& fusdidler 20
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t he VCL NAL- unistil iimitialdffedingohay dsted fdr thé elupatiomedeal to orrgreater disamthe a 0

val ue nunber coy i . i tream transfer -session

is initialized®@ ‘H‘ﬁ8%&@5%3?g"*a‘?&a@?@é“ﬁ@ﬁ%@ﬁgﬁ t he receiving buffer

9.1 for storing at least N pieces of VCL NAL units. The receiver then

starts to rqqgis ﬁcﬁdgf‘?‘?ﬁ qﬁﬁﬁy)?&ﬁ%@gﬁg%ggwﬁmg‘ie received VCL NAL units

into the recervi fering lasts 35 - until at |east

N pi ecd® of D m)LFFﬁD@'”A(‘H dorydH(MAYs Phe receiving buffer 9.1, or WO
2005/ 079070 PCT/ FI 2005/ 050032 27 - if max-don-diff M ME paraneter is

Ve e of maxdbiafins <tioRlnEand Bl DONE AL Snit having the.
great est val uedofi ditigb@)=aDQ@MN(n) ¢ DONEvEi ved NAL units and m corresponds to

the NAL unit having the 5 smallest val ue of AbsDON anpbng the recei ved NAL
units, or - until initial bufferln(g has | asted for the duration equal to or

gr eat efi5t han If RONm) eDON(nhand ROVMA) - PANYa=33488)M VE par anet er .
don_iff(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(j) 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 foliows, 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 0 after 65535. In other words, AbsDON is calculated as

follows:



The function don_diff(mn) is specified as follows: 10 If DON(m) ==
DON(n), don_diff(mn) =0 If (DON(m) < DON(n) and DON(n) - DON(m) < 32768),
don_dlffsﬁ,@ﬁ;b grogN(n) - DON(m) 15 1f (DON(m) > DON(n) potridobdeshosz DON( n) '
>= 32768), on_diff(mn) = 65536 - DON(m) + DON(n) If (DON(m) < DON(n) and
DON(n) - DON(m) >= 32768), don diff(ma3 (DON(m + 65536 - DON(n)) 20 If
(DON(m) > DON(n) and DON(m) - DON(n) < 32768), don_diff(mn) =- (DON(M -
DON(n)) where DON(i) is the decoding order number of the NAL unit having
index i in LetSntand 1 azeconseauiive ttAle pnitaipsansmissiampideroFouthe ey irsh n)

| ndi cates tQaj i s EioRAOHIBE (whé 8 RTdexSk @), ABEBON (0§ exDON(0).| s, i n
decodi ng orlger,ﬁr{?ﬁgwﬁﬁt unlglt0 havianﬁ(;w transm '!sstvg’n order Wdex m( %O%SDO\I
denot es su@ihééd%ﬁ—h'@‘tﬁf%‘io@mﬂﬁé?a‘B*flatﬁaélsﬁlﬂﬁow&t that does not wrap
\a;\;)oggg t8 8 after 65535. In other words, AbsDON is calculated as follows:
\ 5/ 07 P FI [/ Q5003 Le n are consecutive NAL units
in tranr/ém' s@b&”&%éf%&gp& %Bség)ﬁ\f;(np Fré?srﬁﬁl&g"ﬂni t in transm ssion order

(whose index is 0), AbsDON(O) = DON(O. For other NAL units, AbsDON is

o ) SN S L S

S (n) = AbsDON(m) +

)<
DON(n) - DONABEDON () < AIGDAN() BARON(NhnBARMN)) - DON(n) >= 32768),
AbsDON(n) = AbsDON(n) + 65536 - DON(m) + DON(n) If (DON(m < DON(n) and

DON - DON = = - -
DO\IE 2%0 15IfiD N>(m)3>2E)%8I\}(h) égg%%ﬂ&?%)_o%bﬁ(n >(=rr)32768EO\l(rr) + 65536

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(j) 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

havi ng i gRf¥okotdd7e 20 the transm ssion order. There arepoBatbdyosHyR
buffering states 1n the receiver: initial buffering and buffering while
playing. Initial buffering occurs when PBe RTP session is initialized.
After initial buffering, decoding and playback is started and the 25

buf feri ng-whil e-playing node is used. Wen the receiver buffer 9,1 contains
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bel ow until tHeéAbumiter contains N-1 VCL NAL units. - If max-don-diff is
present, all N HBbieStss <t thithé Wallfh of bl dysteritimér that Wpaintializédto 0
max-don-cliff are remgved from {)he {}ﬁ\?—ﬁév'gr buf fer and_. E@Sﬁ%ﬁj to the
decodedOi n t havBerithe Bt RackelobieNALHERIESHeam Was receynds T reHavVRiaL
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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
last 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 begiwoizg/@botohe an RTP 20 session. For each NAL umit/resesasb@Ezed with
a value of DON, a DON distance is calculated as follows. If the val ue of
DON of the NAL unit is larger than the 3@alue of PDON, the DON di stance is
equal to DON - PDON. Qtherwi se, the DON distance is equal to 65535 - PDON
+ DON + 1. 25 NAL units are de veredtot de(; |n ascendi n rder of
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gat evvays) riigtiedenti fy | ost coded slice data partitions A (DPAs). If a

lost DPA is found, a gateway may decide not to send the corresponding
coded slice data partitions B and C, as their inforpmation is . neanj ngl ess

for H. 264 detedigard R1R reeiverale.q. Hbgmvwaye) aahidendify 1asd fractienaa ek | oad
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Intelligent receivers having to di scard packets or NALUs coul d first

di scard allj, @&ﬁ?&@é%%&ﬁnq fo Hikoafy EQ&ké’cé'd#ENRLU& R@ulRirst Rl @r@fait he
NAL unit type t et ual n||m act on user
exper i ihce packets/NALUs in which the value of the NRI leld of the NAL umt”pre 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.

25  The vaiue 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 VCL NAL units in the buffer in terms of bytes.

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



In the followng a paraneter to be used for indicating the maxi mum buffer
size in the decoder will be described. The paraneter deint-buf-size is
normal | 'y esent when a packeti zati on- node para rhdicative of
t he packﬁ%@tyﬁ%ﬁ de is not present or the val ue of tEEI[EEZO{)Q&EQ&33
packetization-node paraneter is equal ®9 O or 1. This paraneter should be
present when the value of the packetization-node paraneter is equal to 2.
25 The val ue of the deint-buf-size paraneter is specified in association
with the fpi)libienguippobh¥CLcHALAmiitetierthe awipothdiichf deinterteEvingibuffireis

ut o occliadog et fdtng bR iRl B Herh B SRRk Bontiuc ™
_model : 30 i jromhetagexti. VCL NAL unit in transmission order is inserted to the
hypot heti cal deinterleaving buffer. ii) Lets be the total size of VCL NAL

units in the buffer in terms of bytes. 35 iii) Ifs is greater than m mis

set equll t¥) Jhe\mhmumwllmnmeE@QWQMzmng ihe VL NAY- wiiisoler  of
VCL NAL uni {fp h pdiARHENIP AR lea@ngd suflré:eirsl @étérrﬁmewrémrthbs\ram@%fmn or

s AL il St ator ERRLBBESp R et 1o

NAL units in the hypothetlcal dei nterleaw ng buffer is determned fromthe

L e R IR g

dei nt el0eavbuffer.10 buffer. vii) If there are no nore VCL NAL units in
transm ssion order, the process is termnated. 15 viii) The process is
continued from stage i. This paranmeter signals the properties of a NAL unit
stream or tWd iaiensi anet nesnorgt VEL NAkURES TN AfANSTRIBHIAR iBAeT, TR HregRss Is
paranet er iferHinesteto signal the properties of a NAL unit stream the val ue
of the paraneter, referred to as v, 20 is such that: a) the value of m
resulting when the NAL unit streamis entirely processed by the

hypot h#§i catiiif®hepeotespismgntinbée frompdizligeiis | ess than or equal to v, or

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  is such that:

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

the hypothetical deinterleaving buffer model is less than or equaito 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
25 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 VCL 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



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 g&]s}%s, 0t.lpe renoval order of VCL NAL units frompdiradicnesdieti cal
dei nterl VI ng % fer. Consequently, it is guaranteed that receivers can

reconstruct VCL NAL unit decoding ordeg2 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. Wien the paranmeter is used to signal the capabilities of a
receiver iegpbiEmMentrEis greater iean tueivalke dfdeintHbuttaize,dt iscahlp o reeonsitudict t he
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% | ar ger twa{%%ba{gﬁggfﬁﬁ%&ﬁa\l@% € ﬁ’é’la?rl'mééabar ameter is not present,
then a value of O is used for deint-buf-size. 10 The val ue of

dei nt - buf t. e I 4 967
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hypot heti c r C er 15 (HRD) 5 of Fig. 9 and decoder 2 of Fig.
10. The pi g&r%éf ggblgcg%%ed can be, for exanple, pictures of a video

stream froma video source 3, e.g. a canera, a video recorder, etc. The
pictures ”lﬁ@ﬁ@%lldﬁm@ H!I@e &ediontwit e @@aﬂzr:bba ieli mbedetiall viths refbtencertor t i ons

such as si ces. C furt Vi

encoder 1 the SWE%B ﬁl %@HEB&%@ t ﬂ&,@gs%eﬂﬁ@ %fé)%ﬁgt(#é(;br?b? g be

transnig t eqHAD) & dfrl-'égtsm&mi oecaderthefl Fig. 10. The aicturesdgde apeeded a3

shown tur ”§<ﬁﬂ€

encodZar 33 8@&2‘8&#&% é‘&ﬂﬁ Séf %% %"S%?tfmwg Uigjreg” étéor |en% sone

of the pictoameral a \bée@memrder GtﬁeTBﬁdh@téfeSl(féﬁrﬁﬁs)l Wc‘h@d‘ége%w aR 3 and
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 transmission 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 andfor 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 Duffer 1.1) as long as it is used as a reference picture. The encoder 1 also



a processor 1.2 in which the encoding tasks according to the invention can
be 25 applied. The nenory 1.3 and the processor 1.2 can be conmon with the
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150 "t he asapyope el il 1o SiforBnf bbekls iEAHihg e HudTBAMAUIE ANt
procesddr 2ofthendegnddt 2.he decoding tasks according to the invention can
be applied. The nenory 2.3 and the processor 2.2 can be common with the

and o | manoIIe SROCBAWARD NERGGE I PTG 7.0 @ b HRBSIRE 4 S g idy T 3.
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 (I). The intra-coded
pictures can be decoded without using any other pictures, but other type of

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



Encoding 25 Let us now consi der the encodi ng-decodi ng process in nore
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one GOP contains at least one independently decodable picture and all 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 0, 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 fayer 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 ID can also be transmitted in the
header fields of the transport protocol, such as within the RTP payload header



pi ctures 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

| ayer O, ywagGoosihdebe!r €s 2xB3(1) and B2(1) on layer 1. Thecpireious/espo2n | ayer
1 of each group 25 of pictures are further arranged as sub-sequences. The

first sub-sequence of the first group @b pictures contains pictures B3(0),
82(0), B3(0), the second sub-sequence contains pictures 85(0), B4(0),
B5(0), and the third sub- sequence contains pictures 86(0), P5(0), P6(0).
The sub- seqoéribe VTt lsedinge sdarpasdouthefvigee t sequensentldi Ascyinautasthes (1),

3§]£ |131e dBfg rl E?ﬁeaga‘ﬁﬁr rfdg%du!r?lggbéﬁlﬂéh%m@@aﬂEetsk@reﬁliﬁQﬁeMG_?_f?of DOI
_sequence | Dif |%VIC% n@'?éPF’E t, rShich e%ﬁ:lH’ e\é\ﬂﬁge’{]sv@aﬁ %’e@@ﬁvﬁngd“ﬁna? In ?ﬁe
\égggo _brl te Sf/ ﬁgaransameﬁém mgbﬂhslummmneaiorﬁakmmmm béSJsbdfwthme on
ne, The PSR SHGR, TR Bl ek o BRI TF Ay RIS 181 O
2005/ 079070 m@ThEad@OEHOBOMQEdvahtagwwM anoérmog indigatiur tieldTmé. 1V|(5eo
sequence | DEARGARELN S Sifbrie) field?] £2° 3k BRI HidIHOM 8IThE oAl SRABHRA tie!

can be stor ta O such as int
MPEG 4 AVC flill ke indicates. anlgserrqlfraeaNAL mmlthV%tas;?@lléﬂyarmm% the emar NAL

packet T of Mhdic Bt ﬁBldCe%rséietHéSaécdaérhstd&us‘édomwterrmaﬂéym rBzenparket
cont ai ns a er 11 and @g) 8!6: art Ju q nI

et Beoudhs RaYiad S e ANBLU; Rafay oftéty Desodde, ﬁﬁb@éﬁ)mca%? Bol ty
T In g: gatléSZah%ptdm@g Ib‘kp@rrérlsebﬂnA JLtﬁe@ dzé'dmd%m?lr pacibtsaToe driogihy fieldl11.2 is

un

e cater Tugpd Lidathg e mathlahoe 46! p?%ﬁ‘)#%“?a%ﬂ['&%f’ﬁ'ﬂf‘g%é}"%ad
present in partt h2 qfatpleopacket. im anhexatnple implemantation, Dbeoprgrdy tfield agane

I ncapabl e th %q&'.‘ aiﬂ%ré}htvagu§§ 5S. fagakgé hﬁ@aﬂ]ﬁSPb@ lﬁ&e&e@%ﬁéﬁfrﬁe cditent

encapsbat o e KL noE oot romonstadorsac ekl ok oo hgel s ©
; g}): gmﬁg nt aAt \'f/lﬁplrjee?%féré%de? [1 Shtgt; INém_lsls gtan bé ai&afdbt{ mﬁthbmfe nemhng \theé Uktegety
used to rec@ﬁ;‘ﬁ‘? RIErENS B@‘HP@ ?L%es( 'f"lﬂ(é‘fe i gbaq tgfe G‘E%E!@H&Oﬂﬁé’t
-reference). NAdh NAUrbguiced tee dlaafuanrﬁettievwntbgully rofsknengretfemncet piptineg.  of
the referenge RILCLEFESyaYEL USS0 VF ifdichi¥thd! feidfl tidMapdRCBHLAY, Chs the
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 1D 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.



NALU is required to maintain the integrity of the reference pictures.
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information to protect nore inportant NALUs better than |less inportant
NALUs. 11 is the highest transport pridséty, followed by 10, then by 01
and, finally, 00 is the |owest. 25 The payload part 12 of the NALU
contains at |east a video sequence IDfield 12.1, a field indicator 12.2,
size field 12.3, timng info 12.4 and the encoded picture information
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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, Muiti-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



preferred transm ssion unit sizes of 254 bytes or less. In order to prevent
nmedi a transcodi ng between the two worlds, and to avoi d undesirable

- packetizathonspygehead, a packet aggregation scheme is ppi/FeM6EHo3220

Si ngl e- Tine  Aggregati on Packet (STAP) aggregate NALUs with identical

NALU-ti nme. Respectively, Milti-Tinme Aggiggati on Packets (MIAP) aggregate
NALUs with potentially differing NALU-tinme. Two different MIAPs are defi ned
that differ in the length of the NALU ti mestanp offset. The term NALU-ti ne
is 25 defined as the value the RTP tinkahl@idp woul d have if that NALU woul d
be transported in its own RTP packet. MIAPs and STAP share the foll ow ng
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fields of thg%gggregamﬁﬂpyA\LUs £ zero, otherwise it nust be set. 3p WO
2005/ 07907 037 3 raple T I e Packet Tinestanp offset field
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vi deo sequence ID field 12.1 (e.g. 7 bits) and the field

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 decoded 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
belongs 1o 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
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be generated by adding the timing information from the RTP timestamp of the

MTAP.

20 In another alternative embodiment the Multi-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 information 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 NALYU 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 NALUtime) 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 mode! 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
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transmission 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 actual 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 ones 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
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the hypoth cal erence de der 5 notices that e.g. the picture buf fer
5.2 of the hypothetical reference decoder 5 overflows, the buffer

par anet er s Rg dpeoingl and drankmitingt dedee 1t sicheas 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



15 paraneters are also transmtted to the receiving device 8, in which the
buffers are re-initialized accordingly. The encoding and transmtting
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Si gnal | ed paraneter values override the corresponding default paraneter
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started. Theg mﬁlgdnquhgwmoagtmamﬁs eneddled.stored to the encoded pi cture
10 buffer 1.2. The transnmi ssion can also start at a | ater stage, for
exanple, after a certain part of the video streamis encoded. The decoder
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reordering process need be defined c!early 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 piciure, 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



De- oacketi zi nc The de-packetization process is inplenentation dependent.
Hence, the 20 follow ng description is a no n-restrictive exanple of a

sui t abl gydRpispp®Abati on. Ot her schemes may be used as mEl/FzocS@se0s2 zat i ons
relative to the described algorithnms are |ikely possible. The general
concept behind these de-packetization rddes is to reorder NAL 25 units
fromtransm ssion order to the NAL unit delivery order. Decoding Next, the

operation of the receiver 8 will be descrjbed. The receiver 8 cpllects 30
al | packet seeriveddn regnasate R1Et paeketsy imdhaPrere MenMerg @%@Qﬁﬁgm bQr der .

The strict rp@}eg‘{iﬁdmpa@ﬁé{er depends on the profile enployed. 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
t he decoderHgteinafipgr Rgatiten thaokite irtbeheptibreal MymenebrdatiVGLMNWunjiay| oad
I nto indivi 35 RTP kets .C j : 0, sed as
1t hep werENFe BRBRGroeb Mokt Baomties i iseBimdfi Bl SEVEL WAL #RRESeT 2
packets, i thaterecedernyNéGL WAleunit imtrgegacketsieamiigNdbainitaelvgrkerder

Herei nafter,. d t % e t&i}@ u - nits
5 MM typglrl a?‘glr‘cr&k gﬁemgle%hwgp!‘eéﬁti Fergﬁ-ﬁg émat | rrr]lcj:ran ghn'g‘gﬁf qﬁéﬁ:h\&;mhélni ts
that precedempasition order efnihe agarepatipa fasket CPEEIAING thenV H["itv&r y

order and 1YRbt Pisentid 0 vaIRTRmeerenar biimsiiedor der or in the
conposi ti o%ﬁgbégéh%ﬁt[he aggregati on packet containi ngh?he VCL NAL unit. If

t he pdparreter I's not present, a 0 value nunber could be inplied. 10 Wen
the vi deo 3ywreanhénvilsd efresmsisansior sessioniiglinitiaiized; tee ressivered allocateecat es

menory for the receiying huffe f.0 : ] | VCL
N i ¢ meameny B dfedpesig buler 9 lorBing Bt Mact 3 HlegBsUrAACE 1AL U
the recei wumitsVTheNtdceivert hennstarishio regaiveithg Vided streagnh@and storesdke N

| eces of : | Sl hi TRVA: f Wh
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renovd® fr Mk INAL waits aes siened rto dha recrIViRg IREr Sl passed to the decoder

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 Hereinafter, 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



2. The NAL units are not necessarily removed fromthe receiver buffer 9.1
in 20 the sane order I n which they were stored, but according to the video

sequence‘,{,&)zﬂ}f o NAL units, as described bel ow. The delcinigidiseiooshe
packets to t ecoder 2 is continued until the buffer contains |less than N

VCL NAL units, i.e. N1 VCL NAL units. 23 In Fig. 12 an exanpl e of

buffering the transm ssion units in the predecoder buffer of the decoder
i s depicted. The nunbers refer to the decoding order while the order of
the transni NAldds wonveyeafierAggregation iRankels in JATBr sRqUergRdNUAIES ardet he
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speci fi ed agedigklipws biffer! AR NALYEBEIONGRo2MdRIEe NALST |n the buf f er
corresp%Pds to a Sinple Packet, the LU in the Sinple Packet is the next

‘NALU in=the NAL unit delivery 35 order. If the oldest RTP sequence nunber
in the buff cﬂorceamleslﬁAhdslnﬁoamongAglgeegamdiidateDMbUs, teheV SR distanceeld very

conveyed | n CAEGIAEY HE oy i e U8 HFIRE NREE & Rood iy PYsIn Ble 2
next Si npl e VSibkdistaneecisuequal)to VYHIR -S(E’tVép r@l_hogwrsg, e MSIEX distangeciser r ed

t th f I
to as the g%&ﬂaﬂﬁﬁ of bt@%é&e#fdss:gﬁavvsﬁﬂ Pﬁsrm LRIk R uﬁ@l de

be Ion tQ candidate each L un
among tiRe car@ﬂ&bw%remte@e @W%'@laﬁzﬁﬁg@g %’ e&g \(515% gﬁf%rgcer JPA%V%@ | f
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o] - erw se st ance q
bits used t §8EPIRIaIShEd) pprfors, EPD e\)gf%_ %ﬁLdﬁl"?@ %&3 deﬁé\%i&eﬁ‘fo t he
decoder in speeifidation. ofhe NAf uniidelisest arder. carf begesoweredNas described irar e
t he sane VS#%%% the order to pass themto the decoder shall

conform to it delivery order defined in this specification. The
NAL unil® delivery order can be recovered as described in the follow ng. 15

First, slices and data partitions are associated with pictures according to their
frame numbers, RTP timestamps and first field flags: all NALUs sharing the
same values of the frame number, the RTP timestamp and the frst field flag
belong to the same picture. SEI NALUs, sequence parameter set NALUs,
20 picture parameter set NALUs, picture delimiter NALUs, end of sequence
NALUSs, end of stream NALUSs, 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 number, 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 0 are delivered first. if several
pictures share the same value of frame number and they all have nal_ref_idc

30 equal fo 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



First, slices and data partitions are associated with pi ctures accor di ng to
their frame nunbers, RTP tinmestanps and first field flags: all NALUs

shari ng_\{,ﬁggnosﬁgmoval ues of the frame nunber, the RTP tpaEBL6o0SMs003d t he
first fie flag belong to the sanme picture. SEI NALUs, sequence paraneter
set NALUs, 20 picture paraneter set NAL4%, picture delimter NALUs, end of
sequence NALUs, end of stream NALUs, and filler data NALUs belong to the

picture of the next VCL NAL unit in transm ssion order. %pon&, t he

del i very orlkhind, & thenwidgpcdegasier iR usendoesiaat supRart AoREATY rice; Yedering; { e
frame numbee dfefyl bider df dides et AxfstalgetiT I Meadaemping orkarofithet ur e.
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modul o ar i thstembeyn_slicessts elesment pdie slige fearer- Mpeaysr: r

number,  t hyigHsU IRAfRdiAtEHt fdieve tialconekpbndinggAatiataopartitioe idetiélivered
first. If several pictures share the sane value of frame nunmber and they
al | have nélrg?ref_i dc 30 equal to O, the pictures are delivered in ascending
RTP tinmestanp order. If two pictures share the sane RTP tinestanp, the

picture having first f.iel a t i AVE=Tg ol that a
primry coé@d@'ﬁi @bé\{% ﬂé‘ﬁd%trwg ﬁ’élosﬁ ?ggbgnglsnb vr?g urlljgéﬁ't q%éﬁ“é’aﬁ?%’?ﬁﬁﬁ% are
her ei n” condeteding atdesmurcoereaf thei prayiaus NALwmibobsn@aaregation packet in

PCT/ F12005/ [ { f5nh ' d irnnpBeAo€sn sg usedport
Arbitrary éggﬁ%{ géﬁ\lfér[rgén‘ﬁer) and DON derRecl8ingdrddrmunbedoesn sy usedp
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i R the sli Cﬁ]é(;gﬂj&rtha{\/ﬂmqyﬁfs ak® pa_gb&ldttfiﬂm decadertis tspecifieﬁmﬁhﬁ:tllem:ﬂfol Ihow
t he correspondi a partition in Ve [ t
terms PVSI %ﬁn@ggﬁfﬁﬁg@r quenge Rdmber Flﬁ&tfe( mg;&g)é%gpﬁaagrt e? ni u%%r ofe
the previ ouRadiet, the NAIU am thg dBieysiei Racked dk dhei mext MALUNIN thee NAlekifitor der )
d DON (d | ' , t PDON
of the f1rHeTkaD ol LT T2 UGS dlinberieiie Batertomiiond! DN

are pdssed toan AggragationrPacket e NAbunitsdeliyenopEder|is regayereg @ggn
2 & MR ol Aofadpep PR e I RbueRiSrebararLL | 1
until the next Simple Packet (exciusive). 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 o 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 to 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 to 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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delivery order. If the oldest RTP sequence nunber in the buffer corresponds
15 to an Aggregation Packet, the NAL unit delivery order is recovered anong

the NALURO SR8M%%F | N Aggregation Packets in RTP sequepesgripoddedor der
until the next Sinple Packet (exclusive). This set of NALUs is hereinafter

referred to as the candidate NALUs. |If Ab NALUs conveyed in Sinple Packets
reside in the buffer, all NALUs belong to candi date NALUs. 20 For each NAL
unit anong the candidate NALUs, a DON distance is calculated as follows.

If the DON 6f thEoded slietandssiicer dala pavikomheN. upiie obdhe dedungard cqdedequal
to DON - PD@&U%Q ,se, the DON distance is equal to 2"(nunber of bits

to represent an DON and PDON as an unsigned integer) - PDON + 25 DON. NAL
.units are d@liveF&'&fgﬁtQNéLdﬁEtéd&raniyn ascendi ng order of DON distance. |f

several NALgunit Engltiseqli8aces N (k) ity ance, the order to pass themto
t he decgder _is: 30 iter NAL unit, if any 2. Sequence

1. Pictu del.i
<par aneter st N ngrﬂftgg?amﬁghwmt?ﬁlqﬂycture paraneter set NAL units, if any
4. SEI NAL units, if any 5. Coded slice and slice data partition NAL units

of the pringry.c i s ' - a@@%ﬁ/ 0032
45 6. Code %'Iei g@g"gnd S ‘1%5?'35{%dﬁfgﬁfﬁ%{ﬁ_g\#"@ﬁ%ﬁﬁa{%ﬂg‘?'ﬁgﬁre d@%t
coded pi ct delixgryiordemngf slicesiancbA datapattitionsis erdered ihaseending opdersifquence
NAL unit, ifheamst Mbdin Bick Qfntak @dmein W Slicd headdr. Mbrddver,vBda@ decoder
i n use does not suppor T Arbi _rar)/ S@ce Orderi nﬁ t.he dg‘al verg .ﬁrder of

sl i ces1€nd ﬂa@at%r&&"ﬁ imgmediatelys faliows 4the, cosesRandindo Aydata s Partifjgn in
first_nb_i ndsliverp ofdgit ax el ement in the slice header. Mreover, B and C 10
data partitions i mediately foll ow the corresponding A data partition in

del i very order. ]
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 DPC

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 '
Intelligent 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 1D 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



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 qydeposafrod7he RTP sequence nunber. NALUs carri ed pau/anodsggomgati on
Packet are presented in their order in the Aggregation packet. Al NALUs of
t he Aggregation packet are processed bedre the next RTP packet is
processed. 20 Intelligent RTP receivers (e.g. in Gateways) may identify

| ost DPAs. |If a lost DPA is found, the Gateway MAY decide not to send the
DPB and DPEidgmrsaquesas, IRisby hesingi Hicsementias (%’ REsramRMng PeMberagIvT
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of 0. Howayiggest) ViekoSequbtcpibDissecttes érgpackets if possible, because the
user sxperi ence may suffer if the packets are discarded. 30 The DPB 2.1
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decoder deggqgs t@h@nﬂ%ﬁéméﬁénﬁ; 4. WhedFetielvind dBickS Riglude theaepsrter 9ite whi ch
they are received, If th

e encoder has  defjned for each gr of . . re
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roup o ictures in the order of vide .ds, the
o oun of biskeig, Taidie iRty gloaloh hartef BHRE 4 Wieidss QmpkniRiy | ¢
decoded fi rchiannél. The tparssvitting deviceiand thenrdseiving devigeiincinde alsg aae e
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outi onal 1y TR ifiessolgiv1 2 2220 WhIRO AR beflofin TS |HECHAShAE sigpeifyr L an
transibt t wentrelingehepereadieg/decadingepiocars Af Mder stieaanaccardingdo theei vi ng

device 8 i pglaHi@nt MPhdrBfRbY ehe Imiebhod according to the present invention can

mainly be implemented as machine executable steps of the processors. The

buffering of the pictures can be implemented 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



10 receive the encoded pictures, the decoder 2, and a display 10 on which
the decoded pictures can be displayed. The transm ssion channel can be,
for exanple, a landline communication channel and/or a wreless

comuni cation channel. The transmtting device and the receiving device
include also one or nore processors 1.47 2.2 which can performthe
necessary steps for 15 controlling the encodi ng/ decodi ng process of video
stream according to the invention. Therefore, the nethod according to the
present invention can mainly be inpl &8MEd as nachine executabl e steps of
t he processors The buffering of the pictures can be inplenmented in the

menory 1. 3, t evi ce The . pr am code of . L can be
stored into 1t He %@HBQ?OESVE‘PS@“%E@ G@I ggliayenchpgubéﬂtgé rﬂa&%ﬁga%%%%%&m he
decoder can upits stherdzta itrzinsmission uanshgavmga‘neart olideraxbin altmn‘shmwmmerder

hypot heti ca r & ten

(ot th ny TLE SEERIRYL Blfters i QoL Erdth o the Mg BRRERNS

pi ctures, ﬂat@dmlﬁioamlﬁan whergin a Wéﬁe lqﬁéhﬁrtéllffﬁfc@dl HGANGING eciataof t he

receiver 8 %ﬁ%nﬁé’éloﬁ’%ﬁ hﬁwecaaiﬁgpcsraé?er thé‘MféHia At AdEFhddT80 @natithed i n
the buffering verifier e

art of etical refergnce
decoder 5 ofOtl siggef @él%4§§§W9§@n§FB$ﬁ’$ unitg s Q9fene§/§"‘5r§‘ﬁmaﬁ'%?‘ Hor
transm tti ngizgeidicefilat drethedizsid oftthd total dizba transmi ssion units, the data
transm ®SI on units having been ordered in a transm ssion order 5 which is

at Ieaé partly different froma decoding order of the nmedia data in the
dat a t r ansniZs Jhermethiodsacoatding it claini 1z avhigreim endslia tlata isofiden aceayding taat a

transm ssiofy EBMA?/C‘: ’énﬂed“é%? skl i66n Unith e TRENGTK dédﬁrgcﬁoﬁ‘?éayé;rﬁ%n%%ft hat

the total sSi'zé 0o ransmssmn units 1s I ne t he
maxi num buf tb2648Me i s defi ned on the basis of the total size. 10 2. The
met hod according to claim1, wherein nedia data is video according to

H. 264/ AVC a ata r sms its . are network . ahstracti.on | ayer units

0 2o Aby e Theumetno e Ciaing o aiby 4° Wharsin's msBan g s ¥ehelll o

al gori t hm i andethenethl size is defined to correspond to the maximum occupancy of the
buffer according to the buffering algorithm.

4. The method according to claim 1, wherein the number of transmission
20 units used in the calculation of the total size is expressed as in buffering order
of the transmission units.

5. A method for receiving media data encapsulated in data transmission units,
the data transmission units having been ordered in a transmission order which

25 is at least partly different from a decoding order of the media data in the data
transmission units, wherein

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

- information on a buffer size for arranging data transmission units in

30 decoding order of the media data is received,

- 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
total size,

the buffer utilized is arranged to contain at least the maximum buffer size of

35 data



and the total size is defined to correspond to the maxi num occupancy of the
buf fer according to the buffering algorithm 4. The nethod according to
claim1l, wherein the nunber of transm ssion 20 units used in the
calculation of the total size is expressed as in buffering order of the
transm ssion units. 5. A nethod for recdBving nedia data encapsul ated in
data transm ssion units, the data transm ssion units having been ordered
in a transm ssion order which 25 is at least partly different froma
decodi ng or @eThermethedAcgpeding taclaimh avhgrein qu:gﬁ]g as'§i"5f?‘1ﬁﬁ‘i°§?'”ﬂﬁ%r ein -
the medi a d§{f geipaVeEha REa tkinsAi$HOQuUREs Gié detwerkabstiction layerunite of

decodi ng Ori’fé %}}@e nmedia data, - information on a buffer size for
arrangi ng dat 6 m ssion units in 30 decoding order of the nmedia data
is received, - the buffer size is defined so that the total size of at

| et ne | . . . \ = .
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contain at [trmsmitting saick encedeslipictiresito @ dgcodes ag N GL NAL- ugits, ehdecrdarod
according t ‘?orcbéédairz% thd ehebded Piitdredabafdriing deeodsd pidines, te detafet/ AVC

and data transm ssi units are network gbstraction | ayer units, of

H. 264/ AVC, 5=°mprl§"?§%/§1bé’ﬁ?6§?ﬁh‘-l%§r IRg tEﬂ'i‘SBH%%'éP“ft%?faQﬁE%tg%@nleé{%‘PQ?F a
transm ttgr wiRérein Freélﬁty;étém;jmh@aﬁdmieeéegdéfir@rmmmeﬂmn@];mbamm_ si2s svch NAL
units, ecode or - decodin e.enco l.ct.ures .for NNg e

oi ct ar 4B, ¢ Resthe a8l Tt o e Bl AEnsusHhrls iy, RRETRAE B L <
transmitt ed rmaxiuem beffedsize is définez! on theebasis of thed tatallsize.conpri ses a defi ner
for defining the buffer size so 10 that the total size of at |east two
transm ssion units is defined and the maxinumbuffer size is defined on
the basis of8.tAneneedar for ancoding/piciiies gemprigingen densmitteN tor (FRISMIBIAGY i si ng
a transm tt qid @hcbdéd pothtdsd aSdddbdRAGRIGHNHRBITEENRS fér DERENtRY irfa

transm ssi on its for buffering [n 15 bhuf f.er, and decodi ng, erein the
encoder! S ur t le"éﬂﬂ{)ﬂ?g% Ing, &'éh‘?q'ﬁm tﬁ%req‘f@%feﬁifﬁ'\ﬁh?rhgorﬁ'@f'?%? %P?ﬁ"qgro?qrhat
the total sidefinig thie hiffsttsizerso thatrthaitotal sizeusti dtdeast two transmission units

is defined and the maximum buffer size is defined on the basis of the total

size.

20 9. The encoder according to claim 8, wherein it comprises a buffer for
buffering the encoded pictures, and a hypothetical reference decoder for
determining buffering requirements for decoding of the encoded pictures.

10. A decoder for decoding the encoded pictures for forming decoded
25 pictures, comprising a pre-decoding buffer for buffering received encoded

pictures for decoding, wherein the decoder further comprises a processor for

allocating memory for the pre-decoding buffer 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 defined and the maximum
30 buffer size is defined on the basis of the total size.

11. A software program comprising machine executable steps for performing
a method for buffering encoded pictures, the method including an encoding
step for forming encoded pictures in an encoder, a transmission step for
35 transmitting said encoded pictures to a decoder as transmission units, a
buffering step for buffering transmission units transmitted to the decoder in a



I's defined and the maxi num buffer size is defined on the basis of the total
size. 20 9. The encoder according to claim@8, wherein it conprises a buffer
for buffering the encoded pictures, and a hypothetical reference decoder

for determning buffering requirenents for decodi ng of the encoded

pi ctures. 10. A decoder for decodi ng thd9encoded pictures for formng
decoded 25 pictures, conprising a pre-decoding buffer for buffering

recei ved encoded pictures for decodi ng, wherein the dep?der further

conpri ses abpffesearda deeoding | serifongeradingytheoencaded,pictyres Jar frmy0gs er

accor ding t ‘Ei_e@og@t]i??iidt@l‘és, Dﬁﬂéf@lh%e%ﬂﬂe@%ﬁﬂe}/@ défirkh%dl)tﬁa‘tehe totabsizard t he
uffer size | efined so that the to Sj ze at _le tL. ssion
units is defd ﬁ%@lstaéwf ?rﬁé'sﬁ’é%'%ﬁﬁn%o'sb‘ﬁﬁaﬁr@d Epggkﬁsmaéﬁ%dﬁﬁert %'ggﬁg‘si s of

the total sideined bn the bakisvefrthe totagsizen conpri si ng nachi ne execut abl e st eps

for per%orning a method for buffering encoded pictures, the nethod

I ncl udi g an encoding step for form ng encoded pictures in an encoder, a

t ransni ssi od 2sthestérage Ipediuan Joi staring 8asaftvareoRregrynceUreEsing magifBder as

transm ssi o dBlisble Step8Ubt BbiOANRLP nicthod Wi Blifféthd BRETIBAEILRICHthbS
transmtted to the decoder I'n a 49" buffer, and.a decoal ng .shﬁg f.or

decodi ng t hénetheddkglysing Lﬁ"bserf‘-"@ﬂ'ﬂ%rﬁtﬁﬁ’igfrorcfgﬁ'@ﬁ@d enceded oRICMUERR (1Bi ANt he
buf fer si éefdn‘é:odéif,i %eﬁah@nfisbi_@h éi@;‘g }'c;ﬁ ghnsinitingfsaiditericedst pistures sbos ai sfsi on
units i ef j ned and, t he maxi num bu size | : S O
the oD “sideBSer S5 raRSuSie it bifardic Sehtor Bt i SGoR RS,
conpri si ng mearisiitted ¢ dveidebodersinea duffer, ard Bateriodingstept fes decedingdheer i ng
encoded pictyr t e ' ; [ : 0 '

encoded pi oiBed PIEurE G forifify YecBded HIERASS WeRIRPIEDDUNEY SBls
encoded pi ctdefivedtse that theitatalosize of af least twadransmissiog unisps deing @ngt ep
for bufferinge ik ARKTHPEIMEr 4178 IsSdefiiedsiitie B4kié of tHestotiender in a buffer,

and a decoding step for decoding the encoded pictures for form ng decoded
pi cturd® wherein the buffer size is defined so that the total size of at
| east two treBHA sRictbnicndévice somafrisimedanmhcodaeforencndingopicires sanet ai s

defined on ttpaensl?ﬁil <iarS %fr ttl%%stmcl’ﬁiﬁlg Séaﬁ ' e?’léoded pictures to a decoder as

transmission units for buffering in a buffer and decoding, wherein the

electronic device further comprises a definer for defining the buffer size so

20 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.

14. A signal including encoded pictures as transmission units, for which
buffering requirements for decoding of the encoded piciures is determined,

25  wherein a parameter indicative of 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, and said parameter is attached to the signal.

15. A transmitting device, which comprises an encoder for encoding pictures
30  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 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.
35



13. An el ectronic device conprising an encoder for encoding pictures, and a
transmtter for transmtting said encoded pictures to a decoder as

transm ssion units for buffering in a buffer and decodi ng, wherein the

el ectronic device further conprises a definer for defining the buffer size
so 20 that the total size of at least t®0 transnmission units is defined and
the maximum buffer size is defined on the basis of the total size. 14. A
signal including encoded pictures as transm ssion units, for, which
buffering r dQuify ERRAINIRG AsVicge WIUCI GOBIPTISRE gEdonpfeediag the encodetli ned,
25 wherein pidiafedr Forrhingl éedddedl pictires, bombeisingi @ eprealechdingt befferoforl si ze

of at |east  t dransm ssion units s defdne h j b si ze

i s defined PYHEARG rt?'&?l‘@dmenf’ﬂ%e(% oQ'gf“"%? ng,r ‘g%cg’%’d%p réinng!t{ ﬂ% d|’Iésé0§etrac hed
to the si gnéiithdrScomptises sniprodessoddoi @dpcalinig meyoony faretheapre-decodingf or
encodi ng pi . IS & r qﬁﬁi ; i
encoded%pi c?’ﬁfﬁéEEF%&g'r@g@%ﬁéé}%@P %Eﬂ%ﬁ%{%g'?(ﬁ;%at&%i ?ftsthg or etruﬁ%??ﬁ'g tﬁ_ﬁ a

buf fer and defersizg,is Webined sotthat thertgtal size phef laast e rapsrAissioRoitS ISes a
definer for fghbdlane the MdLAT baff&rsisd s ddiled dretHedbadis of iR totalaizd. east
two transm ssion units is defined and the maxi mum buffer size is defined
on the basis of the total size. 35 50 16. A receiving device, which

conpri ses decoder for decoding the encoded pictures for form ng decoded
pictures, conprising a pre-decoding buffer for buffering received encoded
pi ctures for decoding, wherein the decoder further conprises a processor
for allocating nmenory for the pre-decoding 5 buffer 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 defined and the
maxi mum buffer size is defined on the basis of the total size.



