BACKWARD-COMPATIBLE CHARACTERIZATION OF
AGGREGATED MEDIA DATA UNITS

FIELD OF THE INVENTION

[0001] The present invention relates generally video wransport and storage. More
particularly, the present invention relates to the provision of information to assist a

unit in deciding which coded data units should be forwarded or processed..
BACKGROUND OF THE INVENTION

[0002] This section is intended fo provide a background or context to the invention
that is recited in the claims. The description herein may include concepts that could
be pursued, but are not necessarily ones that have been previously conceived or
pursued. Therefore, unless otherwise indicated herein, what is described in this
section is not prior art to the description and claims in this application and is not
admitted to be prior art by inclusion in this section.

[0063] Advanced Video Coding (AVC), also know as H.264/AVC, 1s a video
coding standard developed by the Joint Video Team (JVT) of ITU-T Video Coding
Expert Group (VCEG) and ISG/IEC Motion Picture Expert Group (MPEG). AVC
mchudes the concepts of & Video Coding Layer (VCL)} and a Network Abstraction
Layer (NAL). The VCL contains the signal processing functionality of the codec--
mechanisms such as transform, quantizatior, motion-compensated prediction, and
loop filters. A coded picture consists of one or more slices. The NAL encapsulates
each slice generated by the VCL into one or more NAL units. A NAL unit is
comprised of a NAL unit header and 2 NAL unit payload. The NAL unit header
coniains, among other, the NAL unit type indicating whether the NAL umit contains a
coded slice, a coded slice data partition, a sequence oOr picture parameter set, and so
on. A NAL unit stream is simply a concatenation of a number of NAL units. An
encoded bitstream according to H.264/AVC or its extensions, e.g. SVC, Is either a
NAL unit stream, or a byle stream by prefixing a start code to each NAL unitina

NAL unit stream.



[00084] Scalable Video Coding (SVC) provides scalable video bitstreams. A
scalable video bitstream contains a non-scalable base layer and one or more
enhancement layers. An enhancement layer may enhance the temporal resolution (i.e.
the frame rate). the spatial resolution, or the quality of the video content represented
by the lower layer or part thereof. In the SV extensior of AVC, the VCL and NAL
concepts were inherited.

j0805] Multi-view Video Coding (MVC) 1s another extension of AVC. An MVC
encoder takes input video sequences (called different views) of the same scene
captured from multiple cameras and outputs a single bitstream containing all the
coded views, MVC also inherited the VCL and NAL concepts.

[0086] Real-time Transport Protoco! (RTP) is widely used for real-time transport of
timed media such as audio and video. In RTP transport, media data is encapsulated
into multipie RTP packets. A RTP payload format for RTP transport of AVC video 18
specified in IETF Request for Comments (RFC) 3984, which is available from
www.rfc-editor.org/rfe/rfc3984.mt and the contents of which are incorporated herein
by reference. For AVC video transport using RTP, each RTP packet contains one or
more NAL units.

[00607] IETF RFC 3984 specifies several packetization modes, one of which 1s an
interleaved mode. If the interleaved packetization mode is in use, then NAL units
from more than one access units can be packetized into one RTP packets. RFC 3984
alsc specifies the concept of decoding order mumber (DON) that indicates the
decoding orders of a NAL units conveyed in an RTP stream.

[0008] In the SVC RTP pavioad format draft, internet-Draft in draft-wenger-avt-rip-
sve-03 {available from http://www.tools.ietf.org/html/draft-wenger-avt-rtp-sve-03), a
new NAL unit type, referred to as a payload content scalability information {PACSI)
NAL unit, is specified. The PACSI NAL unit, if present, 1s the first NAL unit in an
aggregation packet, and it is not present in other types of packets. The PACSI NAL
unit indicates scalability characteristics that are common for all of the remaining NAL
units in the payload, thus making it easier for 2 media aware network element
(MANE) to decide whether to forward/process/discard the aggregation packet.

Senders may create PACSI NAL units. Receivers may ignore PACSINAL units or


http://www.tools.ietf.org/html/draft-wenger-avt-rTp-svc-03

use them as hints to enable the efficient aggregation packet processing. When the
first aggregation unit of an aggregation packet contains a PACSI NAL unit, there is at
least one additional aggregation unit present in the same packet. The RTP header
fields are set according to the remaining NAL units 1n the aggregation packet. When
a PACSINAL unit is included in a multi-time aggregation packet, the decoding order
number for the PACSI NAL unit is set to indicate that the PACSI NAL unit is the first
NAL unit in decoding order among the NAL umnits in the aggregation packet, or the
PACSINAL unit has an identical decoding order number to the first NAL unit in
decoding order among the remaining NAL units in the aggregation packet.

[0009] Decisions as to which NAL units should be transmitted and/or processed are
generally required for several different purposes. For example, in multipoint real-
time communication systems, e.g., multiparty video conferencing, the sender(s) may
not know the capabilities of all receivers, ¢.g., when the number of receivers is large
or when receivers can join the maultipoint session without notification to the sender(s).
If possible, the senders should not be limited according to the capabilities of the
weakest recetver, as that fimits the quality of experience that can be provided to other
receivers. Consequently, it would be beneficial if a middiebox, such as a multipoint
control unit (MCU) in multirnedia conferencing, could efficiently adjust the
forwarded streams according to the receiver capabilities.

{60101 Another situation in which such decisions should be made involves when a
file is played back in a device or with software that is capable of decoding a subset of
the stream only, such as the H.264/AVC compliant base layer or view of SVC or
MVC bitstreams, respectively. Only the subset of the NAL units therefore needs to be
processed. The video data to be played back by the media player may be in the
format according to a file format container or in the format of an RTP stream. In any
of the two cases, easy access of all the information that is helpful to decide which
NAL units to be processed by the media player is desirable.

[0011] The SV file format draft standard, referred to as MPEG document N8663.
supports aggregation of multiple NAL units into one aggregator NAL umit. This is
expected to be supported in the future MVC file format as well. Aggregator NAL

units can both aggregate by inclusion NAL units within them {within the size



indicated by their length) and also aggregate by reference NAL units that follow them
{(within the area indicated by the additional_bytes field within them). When the
stream 1s scanned by an AVC file reader, only the included NAL units are seen as
“within” the aggregator. This permits, for example, an AVC file reader to skip a
whole set of unneeded SVC or MVC NAL units. SVC NAL units refer to the SVC
specific NAL units for which the NAL unit type values are reserved by the AVC
specification. MVC NAL units refer to the MV C specific NAL units for which the
NAL unit type values are reserved by the AVC specification. Similarly, if AVC NAL
units are aggregated by reference, the AVC reader will not skip them and they remain
in-stream for that reader. This aggregation mechanism adds complexities in
accessing information needed to decide which NAL units to process by a media
player.

[0812] Yet another situation in which such decisions should be made involves when
an end-user receiving a scalable or multi-view stream decides to switch the layers or
views, respectively, that he or she wants to decode and render. A corresponding
request is transmitted via Session ldentification Protocol (SIP) or Real-Time
Streaming Protocol (RTSP), for example. As a response, the recipient of the request,
such as a server or a middlebox, is supposed to select the layers or views that are
forwarded. Due to inter-layer and inter-view prediction, immediate changes in the
transmitted layers or views may not be desirable because (1) the resulting streams
may not be standard-compliant, as some inter-layer and inter-view references may not
be present in the decoder; (2} some of the transmitted data may not be decodable and
hence not useful for the receivers; and (3) the non-decodabie data wastes bitrate in the
channel and may cause congestion and packet loss as well as increase transmission
delay. The transmitter should therefore respond to the request from the next possible
layer-switch or view-switch position.

[0013] Additionally, it is noted thaf redundant pictures provide a mechanism for a
sysiem to recover from transmission errors when corresponding primary coded
pictures are damaged. The transmission of redundant pictures is unnecessary,
however, if the redundant pictures themselves cannot be correctly decoded, the

corresponding primary coded pictures are correctly decodable, or the decoding of



redundant pictures is not supported in the receiver. A sender or a middlebox may
therefore omit the transmission of redundant pictures or part thereof in the several
cases. A first such case involves when the reference pictures for redundant pictures
are not correctly decoded. This can be concluded e.g. from generic NACK feedback
of RTP/AVPF or slice loss indication feedback of RTP audio-Visual Profile With
Feedback (RTP/AVPF). A second case is when a redundant picture 18 not integral
when it arrives a middlebox, 1.¢. a slice of a redundant picture is lost in the channel
between a sender and a middiebox. This can be concluded in the middlebox, e.g.
based on RTP sequence numbers of incoming packets and the conient of the previous
and subsequent RTP packet of the lost one. A third case is when a reliable
communication protocol is used for transmission, when there is sufficient time for
selective retransmissions of damaged primary coded pictures, or when network
conditions are detected to be loss-free. A fourth such condition is when a receiver
signals that no redundant pictures are supported — either implicitly via supported
profiles or explicitly with the redundant-pic-cap MIME/SDP parameter, for example.
[0014} Still another situation in which decisions as to which NAL units shouid be
transmitted and/or processed such decisions can be made involves when bitrate
adaptation 1s required to trim the fransmifted bitrate according to the throughput of 2
bottieneck link, for congestion avoidance. or for adjustment of network or client
buffers. In this case, the sender or the middiebox should make 2 sophisticated
decision which NAL units are not transmitted. One function of media-aware
gateways or RTP mixers (which may be multipoint conference units, gateways
between circnit-switched and packet-switched video telephony, PoC servers, [P
encapsulators in DVEB-H system, or set-top boxes that forward broadcast
transmissions locally to home wireless nerwork, for examples} is to contro} the bitrate
of the forwarded stream according o prevailing downlink network conditions. Iris
desirable to control the forwarded data rate without extensive processing of the
incoming data. i.e. by simply dropping packets or easily identified parts of packets.
[6015) When using the non-interleaved and interleaved packetization modes of
H.264/AVC and SVC RTP pavload formats, some of the common characteristics of

the NAL units contained in the packet can only be identified when each contained



NAL unit is examined. The examination may require partial decoding of the NAL
unit. For example, the sub-sequence information SEI message should be decoded in
order to find temporal level switching points and the slice header has to be decoded to
find out if a coded siice belongs to a primary coded picture or a redundant coded
picture,

[0016] Middieboxes should usually drop entire pictures or picture sequences so that
the resulting stream remains valid. The interleaved packetization mode of
H.264/AVC RTP payload specification allows encapsulation of practically any NAL
units of any access units into the same RTP pavioad (called aggregation packet). In
particuiar, it 1s not required to encapsulate entire coded pictures in one RTP payload,
but rather the NAL units of a coded picrure can be spht into multiple RTP packets.
While this liberty is helpful for many applications, it causes the following
complications in a middiebox operation. First, given an aggregation packet, it is not
known to which pictures its NAL units belong to before parsing the header of each
NAL unit contained in the aggregation packet. Thus, when the interleaved
packetization mode is apphed, each aggregation unit header and NAL unit header
should be parsed to map themn to correct pictures. When redundant pictures are
present, parsing into slice headers are further required. Second, it may not be possible
1o identify a characteristic of a NAL unit without the presence of some other NAL
units of the same access unit. For example, in order to find out if a coded slice is part
of an access unit that can be randomly accessed, the recovery point SEI message for
the access unit must first be received and decoded.

[0017] Therefore, there is a need to provide easily accessible information in
transport packets or file format aggregation NAL units based on which a network
middlebox or 2 media player can decide which coded data units to be ransmitted
and/or processed. United States Patent Application No. 11/622,430, filed January 11,
2007 and incorporated herein by references, discloses an indirect aggregator NAL unit
for the SVC file format and the RTP payload format to indicate the scalability
characteristics of certain NAL unirts following the indirect aggregator NAL unit.
However, characteristics beyond scalability information for SVC were not considered,

including whether the coded data units contained in the transport packet are (1) parts



of redundant pictures, 2) parts of temporal layer switching points, (3) parts of view
random access points, (4) parts of random access points that are not instantaneous
decoding refresh (TDR) pictures, and 5) parts of pictures of a certain view identified

by a view identifier.
SUMMARY OF THE INVENTION

[0018] Various embodiments of the present invention provide a system and method
for conveying information that is helpful for a network middlebox or a media player
to decided which coded data units to forward or process within an RTP payload or a
file format data unit in an easy-to-access manner. In various embodiments of the
present inventjon, this mechanism can be used to provide indications of items such as
redundant coded pictures, temporal level switching points, gradual decoding refresh
access points, view identifiers, and view random access points. A middiebox and/or
receiver can then use this information to determine whether certain coded data units
need to be processed and/or transmitted. Additionally, indications of items such as
random access points for non-layered single-view bitstreams and picture type
indications may also be provided.

[0019] Vanous embodiments provide a method, computer program product and
apparatus for packetizing an encoded representative of a video sequence, wherein a
plurality of data units are packetized into a first packet. A first data unit of the
plurality of daia units comprises at least a portion of the encoded bitstream, and a
second data unit of the pluraiity of datz units comprises information summarizing the
contents of the portion of the encoded video. The second data unit is placed before
any of the other data units of the plurality of data units in the first packet.

[6020] Various embodiments provide a method, computer program product and
apparatus for processing a packetized bitstream representative of a video sequence. A
plurality of data units are read from a first packet, whercin a first data unit of the
plurality of data units comprises at least a portion of the encoded bitstream and a
second data unit of the plurality of data units comprises information sumumarizing the
contents of the portion of the encoded video. The second data unit is Jocated before

any of the other data units of the plurality of data units in the first packet. The



plurality of data units are then processed based upon information contained within the second data unit.
[06020a] In view of the above, in accordance with a first aspect of the present invention, there is
provided a method of packetizing an encoded representative of a video sequence. The method comprises
packetizing a plurality of data units into a first packet, wherein a first data unit of the plurality of data units
comprises at least a portion of the encoded video, wherein a second data unit of the plurality of data units
comprises information summarizing the contents of the portion of the encoded video, and wherein the
second data unit is placed before any of the other data units of the plurality of data units in the first packet;
and providing, in the second data unit, an indication indicative of a characteristic of encoded representative
of a video sequence, wherein the indication comprises at least one of an indication of redundant coded
pictures within the plurality of data units; an indication of temporal level switching points within the
plurality of data units; an indication of gradual decoding access points within the plurality of data units; an
indication of views to which the plurality of data units belong; and an indication of view random access
pictures within the plurality of data units.

[6620b] In view of the above, in accordance with a second aspect of the present invention, there is
provided a computer-readable medium, comprising computer code which when executed in a computer
performs the method as described herein.

{6020c] In view of the above, in accordance with a third aspect of the present invention, there is
provided an apparatus for packetizing an encoded representative of a video sequence. The apparatus
comprises a processor; and a memory unit communicatively connected to the processor and the processor
being configured to cause the apparatus to: packetize a plurality of data units into a first packet, wherein a
first data unit of the plurality of data units comprises at least a portion of the encoded video, wherein a
second data unit of the plurality of data units comprises information summarizing the contents of the
portion of the encoded video, and wherein the second data unit is placed before any of the other data units
of the plurality of data units in the first packet; and provide, in the second data unit, an indication
indicative of a characteristic of encoded representative of a video sequence, wherein the indication
comprises at least one of an indication of redundant coded pictures within the plurality of data units; an
indication of temporal level switching points within the plurality of data units; an indication of gradual
decoding access points within the plurality of data units; an indication of views to which the plurality of
data units belong; and an indication of view random access pictures within the plurality of data units.
[06264d] In view of the above, in accordance with a fourth aspect of the present invention, there is
provided a method of processing a packetized bitstream representative of a video sequence. The method
comprises retrieving a plurality of data units from a first packet, wherein a first data unit of the plurality of
data units comprises at least a portion of the encoded video, wherein a second data unit of the plurality of
data units comprises information summarizing the contents of the portion of the encoded video, and
wherein the second data unit 1s located before any of the other data units of the plurality of data units in the
first packet; retrieving, from the second data unit, an indication indicative of a characteristic of encoded
representative of a video sequence, wherein the indication comprises at least one of an indication of

redundant coded pictures within the plurality of data units; an indication of temporal leve] switching points
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within the plurality of data units; an indication of gradual decoding access points within the plurality of
data units; an indication of views to which the plurality of data units belong; and an indication of view
random access pictures within the plurality of data units; and processing the plurality of data units based
upon information contained within the second data unit.

[6020¢e] In view of the above, in accordance with a fifth aspect of the present invention, there is
provided a computer-readable medium, comprising computer code which when executed in a computer
performs the method as described herein.

[00620¢] In view of the above, in accordance with a sixth aspect of the present invention, there is
provided an apparatus for processing a packetized bitstream representative of a video sequence. The
apparatus comprises a processor; and a memory unit communicatively connected to a processor and the
processor being configured to cause the apparatus to: retrieve a plurality of data units from a first packet,
wherein a first data unit of the plurality of data units comprises at least a portion of the encoded video,
wherein a second data unit of the plurality of data units comprises information summarizing the contents of
the portion of the encoded video, and wherein the second data unit is located before any of the other data
units of the plurality of data units in the first packet; retrieve, from the second data unit, an indication
indicative of a characteristic of encoded representative of a video sequence, wherein the indication
comprises at jeast one of an indication of redundant coded pictures within the plurality of data units; an
indication of temporal level switching points within the plurality of data units; an indication of gradual
decoding access points within the plurality of data units; an indication of views to which the plurality of
data units belong; and an indication of view random access pictures within the plurality of data units; and

process the plurality of data units based upon information contained within the second data unit.
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{66211 These and other advantages and features of the invention, together with the
organization and manner of operation theresof, will become apparent from the
following detalled description when taken in conjunction with the accompanying
drawings, wherein like elements have like numerals throughout the several drawings

deseribed below.
BRIEF DESCRIPTION OF THE DRAWINGS

{0022] Figure | shows a genenc multimedia communications system for use with
the present invention;

[0023] Figure 2 is a perspective view of an electronic device that can be used in the
implementation of the present invention; and

[0024] Figure 3 is a schematic representation of the device circuitry of the electronic

device of Figure 2.
DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

[6025] Various embodiments of the present invention provide a system and method
for conveying information that is helpful for a network middlebox or 2 media player
to decide which coded data units to forward or process within an RTP payload or in a
file format data unit in an sasy-to-access manner. In various embodiments of the
present invention, this mechanism can be used to provide mdicarions of at least the

following items:

[0026] Indication of redundant coded pictures. This indication can be accompanied
with a list of reference pictures required for decoding of the aggregated redundant
coded stices and indication of the spatial coverage of the aggregated redundant coded
slices. There are times where slices of only one redundant coded picture would be
aggregated and characterized.

[0027] Indication of temporal level switching points. Starting from a remporal level

switching point, the decoder can correctly decode all of the following coded pictures

with the same temporal level, if before the temporal level switching point only



pictures of lower temporal levels were decoded. This indication can be accompanied
with a [ist of reference pictures, indicated by the values of frame_num, for example,
that should be correctly decoded in order to enable the switch of temporal levels. Itis
noted that dropping the number of decoded/forwarded temporal levels is typically
possible at any point,

{0028} Indication of gradual decoding refresh access points. If the decoder starts

decoding from such a point, then the picture contents will be gradually corrected over
anumber of consecutive pictures. In certain embodiments, this indication should be
accompanied with a count on pictures or packets whose decoding is required for
achieving pictures that are correct in content.

[0029] Indication of views. This indication signals the views (in terms of view IDs,

for example) to which the aggregated NAL units belong.

[0030] Indication of view random access pictures. Due to inter-view prediction, it is

not possible to start the decoding of a view at arbifrary points. This indication is
therefore used to signal that the decoder can start decoding from this positon. The
indication may be accompanied with a count on pictures or packets whose decoding is
required for achieving pictures that are correct in content. Different types of view
random access points are discussed in United States Provisional Patent Application
No. 60/852,223, filed October 16, 2006 and incorporated herein by reference.

[6031] In various embodiments of the present invention. the indirect NAL unit
aggregation mechanism discussed in United States Patent Application No. 11/622,430
is used as the mechanism 10 convey the above indications. Additionally, this same
aggregation mechanism can also be used for other indications as well. For example,
this mechanism may also be used for random access point indications (open and
closed groups of pictures {GOP)) for non-iayered single-view bitstreams and picture
type indications (e.g. intra picture, non-reference picture).

[6032] The following is one implementation of various embodiments of the present
invention, specifically with regard to the RTP payload format of SVC and MVC. In
this implementation, the payload content scalability information (PACSI) NAL unit
discussed in United States Patent Application No. 11/622.43( 1s extended to contain

additional types of information. The header of the PACSI NAL unit is kept
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unchanged. Alternatively, the PACSI NAL unit header may be modified to match the
upcoming MVC NAL unit header, especially if the upcoming MVC NAL unit header
1s a superset of the SVC NAL unit beader. The current drafi of the MVC NAL unit
header is available in the draft output of the October 2006 JVT meeting (available
from http//fip3.itu.ch/av-arch/jvi-site/2006_10_HangzhowTVT-U209.2ip and
incorporated herein by reference}, in the nal_unit_header sve mve_extension syntax
structure. Alternatively, another NAL unit type, such as value 31, may be used for
indicating the information described herein.

{0033] The followmg is an example of the PACSI NAL unit in the context of an
exemplary RTP payload format for SVC and MV jointly.

[0034] The PACSI NAL unit consists of a 1-byle NAL unit header, a 1-byte content
information {CI} header and a varying-length CI payload. The I-byte NAL unit
header contains the F, NRI and Type fields as specified below.

N e e e e e
loj1]2]3)afsisirjol1]2)a)e]5|6]7]0]1j2]3}4a]s]6]7|0}1]2])3]al5i6)7:
R e i e e e e e e e e e e e e et e
IFINRI] Type | CI header |
e e e e i sl ST T el P e T e S :
! CI payliocad i
} |
! t
B R i R M A e e e e e e e e B -

[0035] The values of the fields in PACSI NAL unit are set as follows. The F bit is
set to [ if the F bit in at [east one remaining NAL unit in the payload is equal to 1.
Otherwise, the F bit is set to 0. The NRI ficld is set to the highest value of NR] field
among all of the remaining NAL units in the pavioad. The Type field is set 1o 30.
{0636] The CI header contains flags to indicate the presence of different types of

content information as follows:

0 31 2232 4 5 6 7
e e e ST e
ISIMIR|A|T| Res |

R e e el e T
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[8037] The S hit equal to | indicates the presence of content scalability information
specified identically the Internet-Draft in draft-wenger-avt-rtp-sve-03 (avaiiable at
www tools ietf.org/html/draft-wenger-avt-rip-sve-03 and incorporated herein by

reference) and copied below:

t1izl3laeisielirioilizizlgis

[0038] When the M bit is cqual to 1, the following multi-view content information

is present in the Cl payload:

T T e G e e e s et il <+
[ol1l2faf4isist7]eltiz|3|alsfs!7lo|1|2l3]4|5]|6j7]j0]1l2]a{4l5]{6]7!
B T O ke i et S T e e e A e e k. o et b et
{R| T2 | VL [A] pum_views i view_id i
B R T e T B e T A R e e e e e e et A el el s ek e s

‘ view id |
B R i et +

j0039] The R bit is reserved. TL (temporal level) is set 1o the lowest value of the
TL field among the remaining NAL units in the RTP payvioad. VL (view level) is set
to the lowest value of the VL field among the remaining NAL units in the RTP
payload,

[0040] A (anchor_pic_flag) is set to the highest value of the A field among the
remaining NAL units in the RTP payload. Consequently, an A bit value equal to |
indicates that the RTP payload contains at least one NAL unit associated to an anchor
picture. An A bit value equal 1o 0 indicates that the RTP payload contains no NAL
unit asseciated to an anchor picture.

[0041} num_views indicates the number of the following view_id syntax elements.
num_views is set to the value that indicates the number of different values of the
view_id among the remaining NAL units in the RTP payload.

j0042] Each value of view_id indicates a view_id present among the remaining

NAL units in the RTP payload. Values of view_id must not be duplicated in the CI
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payload. Currently, the values of view_id in the MVC specification are 10-bit
unsigned integers, which are converted to 16-bit unsigned integers for the CI payload.
10043} In one embodiment of the invemion, the num_views field is not present, and
only one value of view_id 1s included in the multi-view content information.
Consequently, it is required that an RTP packet including a PACSI NAL unit contains
coded data from only one view.

[0044] The R bit of the CI header indicates the presence of redundant coded picture
information. When the R bit is equal to 1, the RTP payload does not contain any
NAL units for primary coded pictures. No ClI pavicad corresponding to the R hit is
present.

[0045] The A bit of the CI header indicates the presence of a random access point as
follows, When the A bit is equal to 1, the S bit 1s equal to 0 and the M bit is equal to
0, the RTP payload contains a NAL unit belonging to an IDR picture or an intra
picture associated to a recovery point SEI message with the value of
recovery_frame_cnt syntax element equal to 0. When the A bit and the S bit are equal
to 1, the RTP payload contains a NAL unit belonging te an IDR picture of SVC.
When the A bit and the M bit are equal to 1, the RTP payload contains a NAL unit
belonging to a view random access picture {(an IDR picture or an anchor picture) of
MVC,

{0046] The T bit of the CI header indicates the presence of a temporal level
switching point. When the T bit 1s equal to 1, either the S bit or the M bit must also
be equal to 1. When the T bit is equal to 1, the following temporal ievel information

is present in the CI paylcad:

10047) The TLT syntax element indicates the temporal Jevel that can be switched 10
if all packets containing temporal levels equal to or lower than TLT are decoded from
this point on, when the temporal level (TLT-1) was previously decoded at least since

the previous tempora! level switch point for temporal level (TLT-1) in transmission
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order. Alternatively, it 1s possible to include multiple TLT values to indicate the
multiple temporal_level values that can be switched to under the same condition as
above.

[0048] The bits of the Reserved field are reserved. The bits of the Res field in the
CI header are also reserved. When more than one of the non-reserved bits in the CT
header are set to 1, the CI payload syntax structures appear in the order that the
corresponding bits appear in the CT header.

10049] The following is another implementation of various embodiments of the
present invention, specifically with regard to the RTP payload format of SVC. In this
implementation, the payload content scalability mformation (PACST) NAL umnit
discussed in United States Patent Application No. 11/622,430 1s extended by adding

one more octet as follows.

{0058] The R field is set to 1 if all the coded pictures containing the target NAL
units are anchor pictures. Otherwise, the bit R is be set to 0. The target NAL units are
such NAL units contained in the aggregation packet, but not included in the PACSI
NAL unit, that are within the access unit to which the first NAL unit following the
PACSI NAL unit in the aggregation packet belongs. An anchor picture is such a
picture that, if decoding of the layer starts from the picture, all the following pictures
of the layer, in output order, can be correctly decoded. Note that anchor pictures are
random access points to the layers the anchor pictures belong te. However, some
pictures succeeding an anchor picture in decoding order but preceding the anchor
picture in output order may refer to carlier pictures hence may not be correctly
decoded, if random access is performed at the anchor picture.

[0651] The T ficld 1s set to 1 if all the coded pictures containing the target NAL
units (as defined above) are temporal scalable layer swiiching points. Otherwise, the
bit T is set to 0. For a temporal scalable layer switching point, all of the coded

pictures with the same value of temporal_level at and afier the switching point in
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decoding order do not refer to any coded picture with the same value of
temporal_level preceding the switching point in decoding order.

[0052] The D field is set to 1 if all the coded pictures containing the target NAL
units (as defined above) are redundant pictures. Otherwise, the D field is set to 0.
The I field 1s set to 1 if the picture that has the greatest value of dependency_1d among
all the coded pictures containing the target NAL units {as defined above) is an infra
coded picture, i.c., the coded picture does not refer (o any earlier coded picture in
decoding order in the same layer. The RES field is set to 0.

[0053] It is further possible not to convey the fields for the indications in the PACSI
NAL unit, but directly add them in the payload structure before any NAL unit in the
RTP packet.

[6054] For SVC and MVC file formats, the mdications can be conveyed by
additional fields within the aggregator NAL units. In different embodiments,
additional fields and their semantics of the proposed aggregator NAL unit are similar
to the fields of the semantics of the PACSI NAL unit in the different emobodiments
described above.

[6055] Figure 1 shows 2 generic multimedia communications system for use with
the present invention. As shown in Figure 1, a data source 100 provides a source
signal in an analog, uncompressed digital, or compressed digital format, or any
combination of these formats. An encoder 110 encodes the source signal into & coded
media bit stream, The encoder 110 may be capable of encoding more than one media
type, such as audio and video, or more than one encoder 110 may be required o code
different media types of the source signal. The encoder 110 may alse get
synthetically produced input, such as graphics and text, or it may be capable of
producing coded bit streams of synthetic media. In the following, only processing of
one coded media bit stream of one media type is considered to simplify the
description. It should be noted, however, that typically real-time broadcast services
comprise several streams (typically at least onc audio, video and text sub-tithing
stream). 1t should also be noted that the system may include many encoders, but in
the following only one encoder 110 is considerad to simplify the descniption without a

lack of generality,
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[0056] [t should be understood that, although text and examples contained herein
may specifically describe an encoding process, one skilled in the art would readily
understand that the same concepts and principles also apply to the comresponding
decoding process and vice versa.

[0657] The coded media bit stream is wansferred to a storage 120. The storage 120
may comprise any type of mass memory to store the coded media bit stream. The
format of the coded media bit stream in the storage 120 may be an elementary self-
contained bit stream format, or one or more coded media bit streams may be
encapsulated into a container file. Some systems operate “live”, i.e. omit storage and
transfer coded media bit stream from the encoder 110 directly to a sender 130. The
coded media bit stream is then transferred to the sender 130, also referred to as the
server, on a need basis. The format used in the transmission may be an elementary
self-contained bit stream format, a packet stream format, or one or more coded media
bit sireams may be encapsulated into a container file. The encoder 110, the storage
120, and the sender 130 may reside 1n the same physical device or they may be
included in separate devices. The encoder 110 and the sender 130 may operate with
live real-time content, in which case the coded media bit stream is typically not stored
permanently, but rather buffered for small periods of time in the content encoder 110
and/or in the sender 130 to smooth out variations in processing delay, wansfer delay,
and coded media bitrate.

[0058] The sender 130 sends the coded media bit stream using a communication
protocol stack. The stack may inciude but is not limited to Real-Time Transport
Protocol (RTP), User Datagram Protocol ((JDP), and Intemnet Protocol (IP). When
the communication protocol stack is packet-oriented, the sender 130 encapsulates the
coded media bit siream into packets. For exampie, when RTP is used. the sender 130
encapsulates the coded media bit stream into RTP packets according to an RTP
payload format. Typically, each media type has & dedicated RTP payload format. It
should be again noted that a system may contain more than one sender 130, but for
the sake of simplicity, the following description only considers one sender 130,
[0059] The sender 130 may or may not be connectied to a gateway 140 through a

comrnunication network. The gateway 140 may perform different types of functions,
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such as translation of a packet stream according 1o one communication protocol stack
to another communication protocol stack, merging and forking of data streams, and
manipulation of data stream according to the downlink and/or receiver capabilities,
such as controlling the bit ratc of the forwarded stream according to prevailing
downiink network conditions. Examples of gateways 140 include multipoint
conference control units (MCUs), gateways between circuit-switched and packet-
switched video telephony, Push-to-talk over Cellular (Po() servers, IP encapsulators
in digital video broadcasting-handheld (DVB-H) systems, or set-top boxes that
forward broadcast transmissions locally to home wireless networks, When RTP is
used, the gateway 140 1s called an RTP mixer and acts as an endpoint of an RTP
connection.

[0060] The system includes one or more receivers 150, typically capable of
receiving, de-modulating, and de-capsuliating the transmitted signal into a coded
media bit stream. The codec media bit stream is typically processed further by a
decoder 160, whose output is one or more uncompressed media streams. Finally, a
renderer 170 may reproduce the uncompressed media streams with a loudspeaker or a
display, for example. The receiver 150, the decoder 160, and the renderer 170 may
reside in the same physical device or they may be included in separate devices.
[0061] It should be noted that the bit stream to be decoded can be received from 2
remote device located within virtually any type of network. Additionally, the bit
stream can be received from local hardware or software,

[6062] Scalability in terms of bitrate, decoding compiexity, and picturc size is a
desirabie property for heterogeneous and error prone environments. This property 1s
desirabie in order to counter limitations such as constraints on bit rate, display
resolution, network throughput, and computational power In a receiving device,
{60631 Communication devices of the present invention may communicate using
various transmission technologies including. but not limited to. Code Division
Multipie Access (CDMA), Global System for Mobile Communications (GSM),
Universal Mobile Telecommunications System (UMTS), Time Division Multiple
Access (TDMA), Frequency Division Multiple Access (FDMA), Transmission
Control Protocol/Internet Protocol (TCP/IP), Short Messaging Service (SMS),
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Multimedia Messaging Service (MMS), e-mail, Instant Messaging Service (IMS),
Bluetooth, IJEEE 802.11, etc. A communication device may communicate using
various media including, but not imited to, radio, infrared, laser, cable connection,
and the like.

{0664) Figures 2 and 3 show one representative electronic device 50 within which
the present invention may be implemented. It should be understood, however, that the
present invention is not intended to be limited to one particular type of device. The
electronic device 50 of Figures 2 and 3 includes a housing 30, a display 32 in the form
of a liquid crystal display, a keypad 34, a microphone 36, an ear-piece 38, a battery
40, an infrared port 42, an antenna 44, a smart card 46 1 the form of 2 UICC
according to one embodiment of the invention, a card reader 48, radio interface
circuitry 52, codec circuitry 54, a controller 56 and a memory 58. individual circuits
and elements are all of a type well known in the art, for example in the Nokia range of
mobile telephones.

[0065] The various embodiments described herein are described in the general
context of method steps or processes, which may be mmplemented in one embodiment
by a computer program product, embodied in a computer-readable medium, including
computer-executable instructions, such as program code. executed by computers in
networked environments. A computer-readable medium may inciude removable and
non-removable storage devices including, but not limited to, Read Only Memory
(ROM), Random Access Memory (RAM), compact discs (CDs), digital versatile discs
(DVD), etc. Generally, program modules may include routines, programs, objects,
components, data structures, etc. that perform particular tasks or implement particular
abstract data types. Computer-executable instructions, associated data structures, and
program modules represent examples of program code for executing steps of the
methods disclosed herein. The particular sequence of such executable mstructions or
associated data structures represents examples of corresponding acts for implementing
the functions described in such steps or processes.

[0666] Embodiments of the present invention may be implemented in software,
hardware, application logic or a combination of software, hardware and application

logic. The software, application logic and/or hardware may reside, for example, on a
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chipset, a mobile device, a desktop, a laptop or a server. Software and web
implementations of various embodiments can be accomplished with standard
programming technigues with rule-based logic and other logic to accomplish various
database searching steps or processes, correlation steps or processes, comparison steps
or processes and decision steps or processes. Various embodiments may also be fully
or partially implemented within network elements or modules. It should be noted that
the words “component” and “module,” as used herein and in the following claims, is
intended to encompass implementations using one or more lines of software code,
and/or hardware implementations, and/or equipment for receiving manual inputs.
[0067] The foregoing description of embodiments has been presented for purposes
of illustration and description. The foregoing description is not intended to be
exhaustive or to limit embodiments of the present invention to the precise form
disclosed, and modifications and variations are possible in light of the above
teachings or may be acquired from practice of various embodiments. The
embodiments discussed herein were chosen and described in order to explain the
principles and the nature of various embodiments and its practical application to
enable one skilled in the art 1o utilize the present invention in various embodiments
and with various modifications as are suited to the particular use contemplated. The
features of the embodiments described herein may be combined n all possible
combinations of methods, apparatus, modules, systems, and computer program

products.
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Claims

1. A method of packetizing an encoded representative of a video sequence, comprising:

packetizing a plurality of data units into a first packet,

wherein a first data unit of the plurality of data units comprises at least a portion of
the encoded video, wherein a second data unit of the plurality of data units comprises
information summarizing the contents of the portion of the encoded video, and wherein the
second data unit is placed before any of the other data units of the plurality of data units in
the first packet; and

providing, in the second data unit, an indication indicative of a characteristic of
encoded representative of a video sequence, wherein the indication comprises at least one of
an indication of redundant coded pictures within the plurality of data units; an indication of
temporal level switching points within the plurality of data units; an indication of gradual
decoding access points within the plurality of data units; an indication of views to which the
plurality of data units belong; and an indication of view random access pictures within the

plurality of data units.

2. The method of claim 1, wherein the first packet comprises a Real-Time Transport

Protocol packet.

3. The method of claim 1, further comprising providing, in the second data unit, an

indication indicative of a characteristic that is common to all of the plurality of data units.

4. A computer-readable medium, comprising computer code which when executed in a

computer performs the method of any of claims 1-3.

5. An apparatus for packetizing an encoded representative of a video sequence,
comprising:

a processor; and

a memory unit communicatively connected to the processor and the processor being

configured to cause the apparatus to:
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packetize a plurality of data units into a first packet,
wherein a first data unit of the plurality of data units comprises at least a portion of
the encoded video, wherein a second data unit of the plurality of data units comprises
information summarizing the contents of the portion of the encoded video, and wherein the
second data unit is placed before any of the other data units of the plurality of data units in
the first packet; and
provide, in the second data unit, an indication indicative of a characteristic of
encoded representative of a video sequence, wherein the indication comprises at least one of
an indication of redundant coded pictures within the plurality of data units; an indication of
temporal level switching points within the plurality of data units; an indication of gradual
decoding access points within the plurality of data units; an indication of views to which the
plurality of data units belong; and an indication of view random access pictures within the

plurality of data units.

6. The apparatus of claim 5, wherein the first packet comprises a Real-Time Transport

Protocol packet.

7. The apparatus of claim 5, wherein the processor further being configured to cause the
apparatus to provide, in the second data unit, an indication indicative of a characteristic that is

common to all of the plurality of data units.

8. A method of processing a packetized bitstream representative of a video sequence,
comprising:

retrieving a plurality of data units from a first packet, wherein a first data unit of the
plurality of data units comprises at least a portion of the encoded video, wherein a second
data unit of the plurality of data units comprises information summarizing the contents of the
portion of the encoded video, and wherein the second data unit is located before any of the
other data units of the plurality of data units in the first packet;

retrieving, from the second data unit, an indication indicative of a characteristic of
encoded representative of a video sequence, wherein the indication comprises at least one of

an indication of redundant coded pictures within the plurality of data units; an indication of
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temporal level switching points within the plurality of data units; an indication of gradual
decoding access points within the plurality of data units; an indication of views to which the
plurality of data units belong; and an indication of view random access pictures within the
plurality of data units; and

processing the plurality of data units based upon information contained within the

second data unit.

9. The method of claim 8, wherein the first packet comprises a Real-Time Transport
Protocol packet.
10. The method of claim 8, wherein the second data unit includes an indication indicative

of a characteristic that 1s common to all of the plurality of data units.

11. A computer-readable medium, comprising computer code which when executed in a

computer performs the method any of claims 8-10.

12. An apparatus for processing a packetized bitstream representative of a video
sequence, comprising:
a processor; and
a memory unit communicatively connected to a processor and the processor being
configured to cause the apparatus to:
retrieve a plurality of data units from a first packet, wherein a first data unit
of the plurality of data units comprises at least a portion of the encoded video, wherein a
second data unit of the plurality of data units comprises information summarizing the
contents of the portion of the encoded video, and wherein the second data unit is located
before any of the other data units of the plurality of data units in the first packet;
retrieve, from the second data unit, an indication indicative of a
characteristic of encoded representative of a video sequence, wherein the indication
comprises at least one of an indication of redundant coded pictures within the plurality of
data units; an indication of temporal level switching points within the plurality of data units;

an indication of gradual decoding access points within the plurality of data units; an
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indication of views to which the plurality of data units belong; and an indication of view
random access pictures within the plurality of data units; and
process the plurality of data units based upon information contained within

the second data unit.

13. The apparatus of claim 12, wherein the first packet comprises a Real-Time Transport

Protocol packet.

14. The apparatus of claim 12, wherein the second data unit includes an indication

indicative of a characteristic that is common to all of the plurality of data units.
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BACKWARD-COMPATIBLE CHARACTERIZATION OF AGGREGATED
MEDIA DATA UNITS

ABSTRACT

A system and method for conveying information that is'he%pfui for a network
middiebox or a media player to decided which coded data units fo forward or
process within an RTP payload or a file format data unit in an easy-to-access
manner. This mechanism can be used to provide indications of items such as
redundant coded pictures, temporal level switching points, gradual decoding
refresh access points, view identifiers, and view random access points. A
middiebox and/or receiver can then use this information to determine whether

certain coded data units need to be processed and/or transmitted.

FIG. 1



