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I nvention The present invention relates to scal able video coding, and nore
particularly to indicating coding dependencies in scal able video codi ng.
Background of the invention Some video codi ng systens enpl oy scal abl e
coding in which some elenents or elenent groups of a video sequence can be
renmoved w thout affecting the reconstruction of other parts of the video
sequence. Scal able video coding is a desirable feature for many nultinedia
applications and services used in systens enploying decoders with a w de
range of processing power. Scal able bit streanms can be used, for exanple,
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decoders with a wide range of processing power. Scalable bit streams

can be used, for example, for rate adaptation of pre-encoded unicast

streams in a streaming server and for transmission of a single bit

stream to terminals having different capabilities and/or with different

network conditions.

Scalability is typically implemented by grouping the image frames into a
number of hierarchical layers. The image frames coded into the image
frames of the base kyer substantially comprise only the ones that are
compulsory for the decoding of the video information at the receiving
end. One or more enhancement layers can be determined above the
base layer, each one of the layers improving the quality of the decoded
video in comparison with a lower layer. However, a meaningful
decoded representation can be produced by decoding only certain
parts of a scalable bit stream.

An enhancement layer may enhance the temporal resolution (i.e. the
frame rate), the spatial resolution, or just the quality. In some cases,
data of an enhancement layer can be truncated after a certain location,
even at arbitrary positions, whereby each truncation position with some
additional data represents increasingly enhanced visual quality. Such
scalability is called fine-grained (granularity) scalability (FGS). In
contrast to FGS, the scalability provided by a quality enhancement




contrast to FGS, the scalability provided by a quality enhancenent 2 |ayer
not providing fine-grained scalability is called coarse-grained .
scalability (CGS). One of the current devel opment projects in the field of
scal able video coding is the Scal able Video Coding (SVC) standard, which
will later becone the scalable extension to | TU T H 264 video coding
standard (also know as | SO I EC MPEG 4 AVC). According to the SVC standard
draft, a coded picture in a spatial or %GS enhancenent |ayer includes an

i ndication of the inter-layer predictioff basis. The inter-layer prediction
i ncl udes predBY¥ari diotofproviding  fime-grainethscdlabilibnisigaliéd eoarsmyrimRear s:

codi ng node, saRkbAily mation and sanple residual. Use of inter-layer
predi ction can S|gn|¥ antly inprove the coding efficiency of enhancenent
| ayers. Inter-1|ayer predlctlon al ways comes fromlower |ayers, i.e. a

hi gher | ayer Orne onbifee cusent dette|opraertogrofertefin ahe Ifiete lof Is@wg? lm@vﬁ?ilhg\t/)las
u i ctur

Vover Tayer coomg RURTSEARBRE Vi %9@@%@@ SR TR AR
the video stgﬁ é%men euseajablgl extgnéloslcw H 26 vided coding $taotarit
pi ctgrei OP (albe kmedi asesmmoé MPEG—\?ﬁm\ﬁGﬁEéA&bturrgg grﬁgﬂs éeﬁgre HU(?EH and
pl ayback o &&F'Hb&@e E@cﬁh @IV) 3fo 2 a

dpi¢ { &ancemelayey inou Eﬁ)wever
the. L??glrrgr@r?!s@'te&féaeﬂ@?‘ ok A e Tiies dfterriagge t hat
there are nopreefictiort mdhﬁkﬂlé§‘1‘§fédi%tléﬁ @FBﬁ@dSPW%re' gf %gafduﬁ #q?ftﬂge% decodi ng
non- requi T 85%%%' EithB el GeflER infdrmatin st secla: sl | oad

C u )

g(r)lg ngwt [)eb'dseeof tinter-layper eprpdmxﬂongodacsrgmhqamwwmprovmlthb icodimmpt eful in
terms of NengKigient rlﬁ%m{drﬁ:'éme‘ﬁttl‘églél%l IHFéryi Féb?cmfafvgﬁ%t ﬁgﬂlgg cture at

I t ce pic coder can
falt for LHER @e'%ﬁamrs?ﬁ%' R el o SO e n o o o

scal abl e | aylewer layer.

In a scalable video bitstream, for an enhancement layer picture a
picture from whichever lower layer may be selected for inter-layer
prediction. Accordingly, if the video stream includes multiple scalable
layers, it may include pictures on intermediate layers, which are not
needed in decoding and playback of an entire upper layer. Such
pictures are referred to as non-required pictures (for decoding of the
entire upper layer). :

However, the prior-art scalable video methods have the serious
disadvantage- that there are no means to indicate such dependency
information- before decoding of the non-required  pictures.
Consequently, the decoder has to decode the non-required pictures,
which is wasteful in terms of computational load, and has to buffer the
corresponding decoded pictures, which is wasteful in terms of memory
consumption. Alternatively, if the non-required picture at a particular
temporal location is a non-reference picture, the decoder can wait for
the arrival of the picture at that temporal location in the scalable layer
desired for playback and then parse the dependency information.
‘However, this causes increased end-to-end delay, which is not
acceptable for real-time visual applications. |




desired for playback and then parse the dependency information. However,
this causes increased end-to-end delay, which is not acceptable for

real -tinme visual applications. . 3 Summary of the invention Now there is

i nvented an inproved nmethod and technical equi prment inplenenting the

met hod, by which the non-required pictures can be indicated to the decoder
prior to their decoding. Various aspects of the invention include an
encodi ng and a decodi ng nmet hod, an encoder, a decoder, a video encoding
device, a video decodi ng device, conpuBer prograns for performng the
encodi ng and the decoding, and a data structure, which aspects are
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and at | eas
comprises a base layer and at least one enhancement layer, wherein a

scalable data stream, which includes at least one non-required picture
in a temporal location of a layer wherein decoding of pictures in an
upper layer at and succeeding the said temporal location in decoding
order does not require said non-required picture, and information of the
at least one non-required picture is signalled in the scalable video data
stream.

According to an embodiment, the one or more enhancement layers
comprise one or more spatial, quality, or fine granularity scalability
(FGS) enhancement layers.

According to an embodiment, said signalling is performed within a
portion of said scalable data stream.

According to an embodiment, said signalling is performed in a
Supplemental Enhancement Information (SEI) message.

According to a second aspect, there is provided a method of decoding
a scalable video data stream comprising a base layer and at least one
enhancement layer, the method comprising: decoding signalling
information received with a scalable data stream, said signalling
information including information about at least one non-required
picture in a temporal location of a layer; and decoding pictures in a




enhancenment |ayer, the nethod conprising: decoding signalling information
received with a scalable data stream said signalling information
~including informati on about at | east one non-required picture in a tenporal
| ocation of a layer; and decoding pictures in a F 2 4 |ayer above the
non-required picture at and succeeding the said tenporal location in
decodi ng order w thout decoding said non-required picture. The arrangenent
according to the invention provides significant advantages. The indication
information of the non-required pictures, which is signalled in connection
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4The further aspects of the invention include various apparatuses
arranged to carry out the inventive steps of the above methods.

Brief Description of the Drawings

~ In the following, various embodiments of the invention will be described
in more detail with reference to the appended drawings, in which

Fig. 1 -shows the conceptual structure of the H.264 design;

Fig. 2 shows an example of coding‘ dependency hierarchy of a
scalable video stream;

Fig. 3 shows another example of coding dependency hierarchy of
a scalable video stream;

Fig. 4 shows an example of coding dependency hierarchy of a
scalable video stream where FGS layers are involved:;

Fig. 5 shows an example of coding dependency hierarchy of a
scalable video stream as a variation of the dependency
hierarchy of Fig. 4;




hierarchy of Fig. 4, 5 Fig. 6 shows yet another exanple of coding
dependency hierarchy of a scal able video stream Fig. 7 shows an encodi ng
device according to an enbodinment in a sinplified block diagram Fig. 8
shows a decodi ng device according to an enbodinent in a sinplified block
diagram Fig. 9 shows a block diagram of a nobil e comuni cation device
according to a preferred enbodinent; and Fig. 10 shows a video

comuni cati on system wherein the invention is applicable. Detailed
Description of the Invention The invenbion is applicable to all video
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Fig. 10 shows a video communication system, wherein the
invention is applicable. '

Detailed Description of the Invention

The invention is applicable to all video coding methods using scalable
video coding. Video coding standards include ITU-T H.261, ISO/IEC
MPEG-1 Visual, ITU-T H.262 or ISO/IEC MPEG-2 Visual, ITU-T H.263,
ISO/IEC MPEG-4 Visual and ITU-T H.264 (also known as ISO/IEC
MPEG-4 AVC). In addition, there are efforts working towards new video
‘coding standards. One is the development of the scalable video coding
(SVC) standard, which will become the scalable extension to
H.264/AVC. The SVC standard is currently being developed under the
JVT, the joint video team formed by ITU-T VCEG and ISO/IEC MPEG.
The second effort is the development of China video coding standards
organized by the China Audio Visual coding Standard Work Group

(AVS).

The following is an exemplary illustration of the invention using the
H.264 video coding as an example. The H.264 coding will be described
to a level of detail considered satisfactory for understanding the
invention and its preferred embodiments. For a more detailed
description of the implementation of H.264, reference is made to the
H.264 standard, the latest specification of which is described in JVT-




NO50d1, "Draft of Version 4 of H 264/AVC " 14th JVT neeting, Hong Kong,
China, 18-21 Jan., 2005. According to Fig.1l, H 264/AVC distinguishes
between two different conceptual |ayers, the video coding , |layer (VCL)
and the network abstraction |ayer (NAL). Both the VCL and the NAL are part
of the H 264/ AVC standard. The VCL specifies an efficient representation
for the coded video signal. The NAL of H 264/ AVC defines the interface
between the video codec itself and the qutside world. It operates on NAL
units, which give suppor t for the packet-based approach of nmpst existing
net wor ks. At Qﬁ@dWAL'[gMbdﬂr Versienf aceof HL264/ANT UMt haW Tt hfeetiiy, units

are delivere@igngy KEARGICRhL 1451 ggﬁatm_ packets are either received

correctly, are lTost,”or anerror g I'n"the NAL unit header can be raised
if the payload contains bit errors. The latter feature is not part of the
standard as Aceofding twarFigd, udeb4/avdididtipigartharUbRARESN twid\Miffsrent | t
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entire network. Additionally, interface specifications are required for
different transport protocols that will be specified by the responsible
standardization bodies. The exact transport and encapsulation of NAL
units for different transport systems, such as H.320, MPEG-2 Systems,
and RTP/IP, are also outside the scope of the H.264/AVC
standardization. The NAL decoder interface is normatively defined in
the standard, whereas the interface between the VCL and the NAL is
conceptual and helps in describing and separating the tasks of the VCL
and the NAL. —

The working draft of the scalable extension (SVC) to H.264/AVC
currently enables coding of multiple scalable layers. The latest draft is
described in JVT-0202 Annex S, “Scalable video coding — working
draft 2,” 15th JVT meeting, Busan, South Korea, April 2005. In this
coding of multiple scalable layers, the variable dependency_id signaled
in the bitstream is used to indicate the coding dependencies of different
scalable layers.

A scalable bit stream contains at least two scalability layers, the base
layer and one or more enhancement layers. If one scalable bit stream
contains a plurality of scalability layers, it then has the same number of




| ayer and one or nore enhancenent |ayers. If one scalable bit stream
contains a plurality of scalability layers, it then has the sane nunber of
7 alternatives for decoding and pl ayback. Each layer is a decoding
alternative. Layer 0, the base layer, is the first decoding alternative.
Layer 1, the first enhancenent |ayer, is the second decoding alternative,
etc. This pattern continues with subsequent |ayers. Typically, a |ower

| ayer is contained in the higher layers. For exanple, layer 0 is contained
in layer 1, and |ayer 1 is contained i layer 2. A picture in a |ower

| ayer may no necessarl b e k .Qf t
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decoded. Decoding of the non-required pictures causes unnecessary
computational load, and buffering the non-required decoded pictures
reserves memory space needlessly. The dependency_id variable
signaled in the bitstream is only used to indicate the coding
dependencies of different scalable layers, but not the non-required
pictures. The dependency_id variable can only be utilized in
determining the non-required picture in such a situation, wherein the
decoder waits for the arrival of the picture at a particular temporal
location in the scalable layer, which is selected for playback, and then
the decoder obtains the dependency information included in the
dependency_id variable after the dependency_id variable has been
parsed and decoded. However, this causes a considerable end-to-end
delay, which is not acceptable for real-time low-latency video
applications, such as video telephony or video conferencing.

Now according to an aspect of the invention, a scalable video stream
comprising at least two layers is formed, whereby an indication of non-
required pictures, which are not needed for decoding of at least one
layer, is created. The indication information of the non-required pictures
is signalled in connection with the scalable video stream such that the
decoder can determine the non-required pictures prior to their decoding
and thus avoid decoding and buffering of the non-required pictures.




required pictures, which are not needed for decoding of at |east one

| ayer, is created. The indication information of the non-required pictures
is signalled in connection with the scal able video stream such that the
decoder can determ ne the non-required pictures prior to their decoding

and thus avoid decoding and buffering of the non-required pictures. 8 The-

I ndi cation information of the non-required pictures can be signalled in
the bit stream of the scal able video stgeam The H. 264/ AVC st andar d

i ncl udes a signalling nmechani smcall ed Suppl enental Enhancenent
Information (SEl) for assisting in the decoding and displaying of the
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num_i nf o_ent‘?ﬁ@?ﬁ%’ﬁk@l 5 ue(v) for (.1 0; i <— num i nfo_entries_m nus
1; i++) { entry _dependency_id[i] 5 u(3) num_ non _required_pics_mnusl[ i
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new ﬂelds are defined for the indication of the non-required picture
information.
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According to a preferred embodiment, the information of non-required
pictures is conveyed in a SEl message according to the following
syntax and semantics:

Inter-layer dependency information SEI message syntax

inter_layer_dependency_info( payloadSize ) { C | Descriptor
num_info_entries_minusl . 5 ue(v)
for (i=0; i <= num_info_entries_minus!; i++ IR
entry_dependency_id[ | | 5 |u@)
num_non_required_pics_minusl{i] =~ ' 1 5 |uew)
for (j = 0; j <= num_non_required_pics_minusl[i )
non_required_pic_dependency_id{ i }[ j ] 5 u(3)

non_required_pic_quality_level[ i ][ j ] 5 u(2)

}
)
}

The information conveyed in this SEI message concerns an access
unit, which includes the coded slices and coded sliced data partitions of
all the scalable layers at the same temporal location. When present,
this SEI‘message shall appear before any coded slice NAL unit or
coded slice data partition NAL unit of the corresponding access unit.
The semantics of this SEI message are as foliows:

}




} '} The information conveyed in this SEIl nessage concerns an access unit,
whi ch includes the coded slices and coded sliced data partitions of all
the scal able layers at the sane tenporal |ocation. Wen present, this SE
nmessage shal |l appear before any coded slice NAL unit or coded slice data
partition NAL unit of the corresponding access unit. The semantics of this
SElI nessage are as follows: [[Y 9 numinfo entries mnusl plus 1 indicates
the nunber of the following infornmation entries. entry_dependency_id[ i ]

i ndi cates the dependency id value of tBe target picture whose information
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explicitly degodingef anyrothiee pucau@am the coded video sequence and havmg

the same dependency_id value and quality_level value as the target

picture.

num_non_required_pics_minusi[ i ] plus 1 indicates the number of
explicitly signalled non-required pictures for the target picture having
the dependency_id value equal to entry_dependency_id[ i ] and the
quality_level value equal to 0. Besides explicitly signalled non-required
pictures, there may also be additional non-required pictures derived as

specified in below.

non_required_pic_dependency_id[ i J[ j ]indicates the dependency_id
value of the jth non-required picture explicitly signalled for the target
picture having the dependency_id value equal to entry_dependency_id[
i ] and the quality_level value equal to 0.

non_required_pic_quality level[ i J[ j ] indicates the quality_level value
of the jth non-required picture explicitly signalled for the target picture
having the dependency_id value equal to entry_dependency_id[ i ] and
the quality_level value equal to 0. In addition, those pictures that have
dependency_id equal to non_required_pic_dependency_id[ i ][ j ] and
quality_level larger than non_required_pic_quality_level[ i ][ j] are also
non-required pictures for the same target picture.

The implementation of the above SEl message and semantics is
further illustrated with the following examples. Let us first suppose that
a video stream comprises three layers, base_layer_0, CGS_layer_1,




pi cture having the dependency_id value equal to entry dependency_id[ i ]
and the quality |evel value equal to 0. non required pic quality level[

Il J ] indicates the quality_|evel value of the fth non-required picture
explicitly signalled for the target picture having the dependency_id val ue

equal to entry_dependency_id[ i ] and the quality_level value equal to O.
In addition, those pictures that have dependency_id equal to

non_r equi red_pi c_dependency_id[ i ][ ] ,] and quality_level larger than
non_required pic quality level[ i ][ j] Qre also non- required pictures for

the same tar ged wnﬂtwgayme, i repick mimeyat ih@veothe F@rﬁ@Of\ran@FIramsq;?gﬁsap?r o
semanti cs i sintéuildyBehrodibtiss ro%@%ﬁd%&h h@c{]}rsgd‘erﬁﬂl 1O dveh %gﬁ@%péﬁ in

ayers, :
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bot nt ed- f £ mﬂﬁgﬁweé%ﬁﬁ%%?m U fighieereeRas b ABheS bt H8SSndR it i ¢ of
val ues in thd" rd“g"ﬁfy vedabihthispxample: ﬁd?@&@e;m Mpﬁafe_t[ia?er.tjwst,@eues of
(Cj:ggelng;g(r:yil e badegayégtm fdreMﬂéde:‘é(gﬁmﬁﬁ{@?w&mé?@é?’ctﬁ ' @ﬁmsu{ht her nor e,
a picture i néﬁ@gaétlfag?r_f a‘?,%?é gggée'%yﬁas%ﬁrw@‘ t@ﬁ(ﬁg__la,ygf_{ REXTSIt) ayer 1

next to it) fOf ofNtefriayer| ayrediqsiondi dacordinglycoithi n@GS_ldyer CGSpiciygy _1
Besod ng {hovepapancy dost, SIS o0 R GRS S 1
| gggoﬁgggrt Ee%%tﬁtﬁitnésgéf@—@?r—#gm@i n’ decodi ng of any of t‘h_e -
spatial _| ayer_2 pictures succeeding the shown spatial layer 2 picture in
Ceo o 18, fon el th e sABRKC GGY GYRY o APRYSEILS Spof e
S'ﬁ?ﬂ‘alsl ‘;S g%{ege%%g{ ﬁ;d%&%gﬁéﬁp@ﬁx gf tihe Epatial_layer 2 pictures succeeding
- the shown spatial_layer 2 picture in decoding order, according to the
above SEI syntax and semantics, the signalled values for the example
of Fig. 2 would be:

num_info_entries_minusl = 0
{
entry_dependency_id[0] =2
num_non_required_pics_minus1{ 0 J=0
{ .
non_required_pic_dependency_id[0][0] =1
non_required_pic_quality_level[0 ][ 01=0
} .
}

Further, it is possible that a picture in spatial_layer 2 uses

base_layer_0 for inter-layer prediction, while at the same temporal

location, the picture in CGS_layer 1 uses no inter-layer prediction at

all, as shown in the dependency hierarchy of Fig.3. Accordingly, the
CGS_layer_1 picture (dependency id=1, quality_level=0) is a non-

required picture for decoding the spatial layer 2 picture, and the

base_layer_0 picture (dependency id=0, quality_level=0) is a non-

required picture for decoding the CGS_layer_1 picture.

Again, assuming that the shown CGS_layer 1 picture is not needed in
decoding of any of the spatial_layer_2 pictures succeeding the shown
spatial_layer_2 picture in decoding order, and that shown




num nonrequired_pics_mnusl[ 0] =0 { non_required_ p|c dependency_id[ O
][ 0] =1 non_required pic_ quallry level[ O ][ O] =01} Further, it is
possi ble that a picture in spatial-layer-2 uses base | ayer-0 for
inter-layer prediction, while at the sane tenporal |ocation, the picture
in CGS |ayer_1 uses. no inter-layer prediction at all, as shomn in the
dependency hierarchy of Fig.3. Accordingly, the CGS-layer-1 picture
(dependency_id=1, quality level=0) is a non- required picture for decoding
the spatial | ayer 2 picture and the bhse Iayer 0 picture

(dependency da8edia e;s.&,grsve' 3l e 2 e RIHEEGA yeof% decodi ng
the CGS_ | ayer JE'T ain assum 8 1 pi cture
i s not needdeGP ay@écbcﬂ'%r‘?ﬁ siRgeed '”9 W'&I G%y e |F3P

succeedi ng tdefeosimgl\prdérp@he Bigrhalleer v@lulesdburtlaelexadmmgobfn@goradwquland t hat
shown 11 b 2@ layer _0 picture is also not needed in decoding of any of
the CGS Ia@ Pl plctures succeedi ng the shown CGS |ayer 1 picture in
decodi ng order i |1 ed values for the exanple of Fig. 3 would be:
num i nf o enﬁ??gg)ﬁﬁﬁﬁnﬂp% entry dependency idl 0] =1

num _NoN_r equink:@dedobdesey fdjous11 [ 0 ] O f non_required_pic_dependency_id[
O ][ 01 =0 w@Nnoh@Eplirddglits PiiMisQUaE0ty IeveI[ 0][ 01=0
entry-dependency-id[ 0 = 2 numnon_required_pics_mnus 11 0 ] =0 {

non_r equi r edropireduichégion dremmeapos 0]([)0]3_0 01= 1 non_required pic qual ity level [
0 ][ 0 ] — Olnon _required_pic_ quaht evel[0][0]

entry_dependency_id[0]} =2
num_non_required_pics_minusl{ 0 }=0

{

non_required_pic_dependency_id{ 0][0]=1
non_required_pic_quality_level[ 0]{0]1=0

}

H

When FGS layers are involved, the inter-layer prediction for the coding
mode and the motion information may come from a different base layer
than the inter-layer prediction for sample residual. An example of this is
shown in Fig. 4, wherein for the spatial_layer_2 picture, the inter-layer
prediction for the coding mode and the motion information comes from
the CGS_layer_1 picture, while the inter-layer prediction for the sample
residual comes from the FGS_layer 1_0 picture. Accordingly, the
FGS layer 1 _1 picture (dependency_id=1, quality_level=2) is a non-

- required picture for decoding the spatial_layer_2 picture. Again,
assuming that the shown FGS_layer_1_1 picture is also not needed in
decoding of any of the spatial_layer_2 pictures succeeding the shown
spatial_layer_2 picture in decoding order, the signalled values for the
example of Fig. 4 would be:

num_info_entries_minusl =0

{
entry_dependency_id[0] =2
num_non_required_pics_minus1{ 0 ]=0

{
non_required_pic_dependency id{0][0] =1
non_required_pic_quality_level[ 0][0]=2

}

}




}  Wen FGS | ayers are involved, the inter-layer prediction for.the coding
node and the notion information nmay cone froma different base | ayer than
the inter-layer prediction for sanple residual. An exanple of this is
shown in Fig. 4, wherein for the spatial _layer 2 picture, the inter-layer
prediction for the coding node and the notion information cones from the
CGS layer 1 picture, while the inter-layer prediction for the sanple
residual cones fromthe FGS_|ayer _1 0 picture. Accordingly, the ‘
FGS | ayer _1_1 picture (dependency_ id=1, ?quallty level =2) is a non- required
picture for Higodlilhugtrabes apeariaion el 2 dependeacy Agardrchy agis Wig.ng. t hat the
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num_info_entries_minusl =0

{
entry_dependency_id[0] =2
num_non_required_pics_minusi[ 0 ]=0

{

non_required_pic_dependency_id[0][0] =1
non_required_pic_quality_level[ 0][ 0] =1

1

}

Note that herein it is only required to indicate the FGS _layer_1 0
picture (dependency_id=1, quality_level=1) as a non- required p:cture
since the FGS layer 1 1 picture is dependent only on the
FGS_layer_1 0 picture, whereby the FGS_layer 1 1 picture is
evidently also a non-required picture. o

For the interpretation of the semantics of the SEI message defined
above, there are some further situations, which have to be taken into
account. If the layer desired for playback has dependency id = ‘A’ that
is not equal to any of the signalléd entry_dependency_id[ i ] values in
the SEl message, then the n" entry_dependency_id[ i ] having the
largest entry_dependency_id[ i ] but smaller than ‘A’ is searched for.
The picture having dependency id = ‘A’ shall have the same non-
required pictures as specified in the " entry. If there is no entry that
has entry_dependency_id[ i ] smaller than ‘A’, then there are no non-
required pictures in the corresponding access unit (i.e. at the temporal




spatial _layer _2 pictures succeeding the shown spatial-layer-2 picture in
decodi ng order, the signalled values for the exanple of Fig. 5 would be:
num.info_entries_mnusl = 0 entry_dependency_id[ 0) = 2
nunmon_required_pics_mnusl [ O] = 0 non_required_pic_dependency _id[ 0 )]
0] =1 non_required_pic_quality_level[ O If 0) =1} Note that herein it
is only required to indicate the FGS_layer _1 0 picture (dependency_id=1,
quality_level=l) as a non-required picture, since the FGS |ayer 1 1
picture is dependent only on the FGS{dyer 1 0 picture, whereby the

FGS | ayer 1 i Ct | ' S r equj A indror the
I nt erpretat '8?‘ éjcﬁ]rZeéﬁe%oﬁt}[@? gg%&?%’e %ﬁ&@a@g Hieflcbr%(ggfzé zﬁ)eﬁc;l\}%é: t here
are sone fudependeneyddi-ons, which have to be taken into account. If the
| ayer desired for playback has dependency id = "'A that 1is not equal to

any of the signalled entry. d .
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pi ctures i nhabimgedeparsfanayi ith=aBcess unit (i.e. at the tenporal 13
| ocation corresponding to the SEI nessage) for the picture having

dependency_id = "A". |f a picture having, dependen id ="'A. is.not
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the CGS layer_1 uses the base_layer 0 for inter-layer prediction. A
picture in spatial_layer_2 uses base_layer_0 (i.e. not the CGS_layer_1
next to it) for inter-layer prediction. A picture in spatial_layer_3 uses
spatial_layer 2 for inter-layer prediction. Finally, a picture in
spatial_layer 4 uses only spatial_layer_2 for inter-layer prediction.
Accordingly, the CGS layer_1 picture (dependency_id=1,
quality_level=0) is a nonrequired picture for decoding the
spatial_layer_2  picture, and the spatial layer 3  picture
(dependency_id=3, quality_level=0) is a non-required picture for
decoding the spatial_layer_4 picture. According to the above rule, the
CGS_layer_1 picture is a non-required pictufe for .decoding the
spatial_layer_3 picture and the spatial_layer_4 picture as well, since
their dependency_id values (3 and 4) are larger than that of the
spatial_layer_2 picture (dependency_id=2) and the spatial_layer_2
picture is not a non-required picture for the spatial_layer_3 picture and
the spatial_layer_4 picture.

-Again, assuming that the inter-layer dependency relationships in the
following access units in decoder order are the same, the signalled
values for the example of Fig. 6 would be:

num_info_entries_minusl = 1
{
entry_dependency_id[0 ] =2
num_non_required_pics_minusl[0]1=0
| -
non_required_pic_dependency_id[0][0] =1




An exanple is given in Fig. 6, wherein a video stream conprises five

| ayers, base layer 0, CGS |ayer 1, spatial |ayer 2, spatial layer 3 and
spat ial _layer_4, and they have the sane frame rate. A picture on the

CGS layer 1 uses the base layer O for inter-layer prediction. A picture in
spatial | ayer 2 uses base layer 0 (i.e. not the CGS layer 1 next to it)
for inter-layer prediction. A picture in spatial _layer 3 uses
spatial -1 ayer-2 for |nter-Iayer predlct{ Finally, a picture in

spatial _| ayer 4 use é Oglto yer42 for inter-layer prediction. _
Accordlngly,?eﬁeq e~ 3 ur (dependency_id=1, quality level=0) is
a non- reqU|red plcture for “decodi ng the spatial Iayer 2 picture, and the

spati al _| ayerenid_pip&iane£ia; ¢ dependency_i d=3, quality_level =0) is a

non-r equi r ed npingiow) Feguifed Ipics_ d@bdo g t he spatial -1ayer-4 picture. According
to the abovelrule, the CGS_layer_1 picture is a non-required picture for
decoding the “O%ffa‘ﬂlﬁew‘%da@mqe"c&lﬁlod[touFé and the spatial-layer-4 picture as
wel |, since }“P'h%"’ﬂ‘fm?i@'ﬁélﬁﬂ‘dﬁ’é‘gﬁ’ul"é{Wapues (3 and. 4) are larger than that of
the spatialylayer-2 picture (dependency_id=2) and the spatial-Ilayer-2
picture is not a non-required picture for the spatial_layer_3 picture and
the spatial |ayer_ 4 picture. Again, assumng that the inter-1|ayer

dependency rfEgat7 disstratesi ant &ecoding | @avie é’é‘cﬁﬁéiﬁpuiﬁtaﬁl din Prijéi"[, or der
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inserts the indication information of the non- required pictures to a
message forming unit 706, which may be e.g. an access unit
composer. The encoded data stream 708 is output from the encoder
700, thus allowmg a decoder to determine the non-required pictures
prior to their decoding and to avoid unnecessary decoding and

buffering of the non-required pictures.

Fig. 8 illustrates a decoding device according to an embodiment,
wherein the decoding device 800 receives the encoded data stream
802 via a receiver 804. The indication information of the non-required
pictures is extracted from the data'stréam in a message deforming unit
806, which may be e.g.-an access unit decomposer A decoder 808
then decodes the selected layer of the encoded data stream accordmg
to the indication information of the non- required pictures such that the
non-required pictures are not decoded or buffered. The decoded data
stream 810 is output from the decoder 800.

The different parts of video-based communication systems, particularly
terminals, may comprise propertiés to enable bi-directional transfer of
multimedia streams, i.e. transfer and reception of streams. This allows
the encoder and decoder to be implemented as a video codec
comprising the functionalities of both an encoder and a decoder.




non_requi red_pi c_dependency_id[] O If 0 1 3

non_required pic_quality level[ O ][ O] O} Fig. 7 illustrates an
encodi ng devi ce according to an enbodi nent, wherein the encodi ng device
700 receives a raw data stream 702, which is encoded and one or nore

| ayers are produced by the scal able data encoder 704 of the encoder 700.
The scal abl e data encoder 704 deduces the non-required pictures while
encodi ng the data streamand inserts the indication information of the
non-required pictures to a nessage forgrnng unit 706, which may be e.g. an
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Fig. 9 shows a block diagram of a mobile communication device MS
according to the preferred embodiment of the invention. In the mobile
communication device, a Master Control Unit MCU controls blocks
responsible for the mobile communication device's various functions: a
Random Access Memory RAM, a Radio Frequency part RF, a Read
Only Memory ROM, video codec CODEC and a User Interface Ul. The
user interface comprises a keyboard KB, a display DP, a speaker SP
and a microphone MF. The MCU is a microprocessor, or in alternative
embodiments, some other kind of processor, for example a Digital
Signal Processor. Advantageously, the operating instructions of the
MCU have been stored previously in the ROM memory. In accordance
with its instructions (i.e. a computer program), the MCU uses the RF
block for transmitting and receiving data over a radio path via an
antenna AER. The video codec may be either hardware based or fully
or partly software based, in which case the CODEC comprises
computer programs for controlling the MCU to perform video encoding
and decoding functions as required. The MCU uses the RAM as its
working memory. The mobile communication device can capture
motion video by the video camera, encode and packetize the motion
video using the MCU, the RAM and CODEC based software. The RF
block is then used ta exchange encoded video with other parties.




preferably as software, hardware or a conbination of the two. The coding
and decoding nethods of the invention are particularly well suited to be

i npl enented as conputer software conprising conmputer- readabl e commands for
carrying out the functional steps of the invention. The encoder and
decoder can preferably be inplenmented as a software code stored on storage
nmeans and executable by a conputer-Ilike device, such as a personal
conputer (PC) or a nobile station (NED for achi eving the codi ng/ decodi ng
functionalities with said device. 1 exanpl es of electronic devices, to
whi ch such &d@lireg/ detbdi nghowact i omwéotlomnmamda@loﬁpp' is@Giengr e p@osonal
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Radi o Freque PUBIOr@EWS Read Only Menmory ROM vi deo codec CODEC and a
User Interface U . The wuser interface conprises a keyboard KB, a display

DP, a speake VE. The MCU m croprocessor, or in
alternative L %E)Uﬁ[b% ?gﬂe@éﬂ@ B}?epr%% 'BYe’H!%b&é‘QF limitgd sQlghpioe a
Digital Sigihg ab@&@semnteddembndgmus,l but itheaw sy anddified eithibctheons  of

the MCU havep of i y in the ROM nenory. |In accordance wth
its |nstruct|é§§£(| bgmgiggﬁgﬁ?gyﬁ%rogran) the MCU uses the RF bl ock for
transmtting and receiving data over a radio path via an antenna AER The
vi deo codec may be either hardware based or fully or partly software
based, in which case the CODEC conprises conputer progranms for controlling
the MCU to perform video encoding and decoding functions as required. The
MCU uses the RAM as its working nenory. The nobile comuni cation device
can capture notion video by the video canera, encode and packetize the
nmotion video using the MCU, the RAM and CODEC based software. The RF




bl ock is then used to exchange encoded video with other parties. 16 Figure
10 shows video communi cation system 100 conprising a plurality of nobile
comuni cation devices M5, a nobile telecomunications network 110, the
Internet 120, a video server 130 and a fixed PC connected to the Internet.
The video server has a video encoder and can provide on-denmand vi deo
streans such as weather forecasts or news. It should be evident that the
present invention is not limted solely to the above-presented

enbodi ments, but it can be nodified within the scope of the appended
claims. Il 17 dains: 1. A nethod of encoding a scal able video data stream
conprising g .l ayer and at |east one enhancenent |ayer, the nethod
conprising: encoding a scalable data stream which includes at |east one
non-required picture in a tenporal |ocation of a |ayer wherein decoding of

pictures in an upperq| aygheMoctt ENESHARE1 A9sédIBbRANHed YRR Sthed@Cation in
decodi ng order dpes not and .signalling

require said n-r.equired I cture;
i nf or mat i on COMAMSING 2 |RasG lf@f'?é’ ABA- F‘Eaﬁﬁte “%PBPG$ emﬁn{eﬁﬁyesrcéﬁﬁbl e video
dat a streamm@hodloomgriding: according to claim 1, wherein the one or nore

enhancement |ayers cgapy '-Egﬁi;&a}?éblﬂnﬂﬁasﬁféérﬁl ’wmgﬁl ihENide" aff 128t _
granul arity scalabilrty - enhancenent 1l ayefs. 3., The nmethod according
to claiml, ORGepenieauied sPIGHERI M@ tePEE!f étcﬁﬁﬁnmﬁ)ft 4 Ea%?rpW?‘Ff%ﬂ of said

scal abl e datdacstiingant plctufée ineahogopercrydr gt hndctacceatiingttbe esaidsai d
signal 11ng b koBRII 186 I dBootRG' GHIEP tRks T ARGEIE Kaid MoR ERLIrea (SEI)

nmessage. .
picture; and
signalling information of the at least one non-required

picture in the scalable video data stream.

2. The method according to claim 1, wherein the one or
more enhancement layers comprise one or more spatial, quality, or fine
granularity scalability (FGS) enhancement layers.

3. The method according to claim 1, wherein said signalling
is performed within a portion of said scalable data stream.

4. The method according to claim 3, wherein said signalling
is performed in a Supplemental Enhancement Information (SEl)
message.

5. A method of decoding a scalable video data stream
comprising a base layer and at least one enhancement layer, the
method comprising:

decoding signalling information received with a scalable
data stream, said signalling information including information about at
least one non-required picture in a temporal location of a layer; and

decoding pictures in a layer above the non-required picture
at and succeeding the said temporal location in decoding order without
decoding said non-required picture.




5. A nethod of decoding a scal able video data stream conprising a base

| ayer and at | east one enhancenent |ayer, the nmethod conprising: decoding
signalling information received with a scalable data stream said
signalling information including information about at |east one
non-required picture in a tenporal |ocation of a |ayer; and decodi ng
pictures in a |layer above the non-required picture at and succeeding the
said tenporal |ocation in decoding order. without decoding said
non-required picture. 18 6. The netho&aaccording to claim5, wherein the
one or nore enhancendght | ajbes compthiczk meoMngC%Q:l@'pﬁBi, gther@iwaihiet y,  or

accor di ng-t oont O Thgehhadderh Bty B BARBAES onoiThire featal Bl ved
within a por®f hﬂe Sraduantysscalabiliy @ﬁé’) ghhangament lapersret hod according to

claim7, wherein said signalling information is received in a Suppl enental

Enhancenent | nformati .vi deo encoder. .for encodi ng a
scal abl e videg data fﬁ@ﬁ?&%ﬁ%@%ﬁ%&@ﬁ y\é’Pe&HB sgid s iNghe
enhancenent ling%'ﬂé}ﬂort Igsdregeyed withio depodionfi sdid gcalablsmdafastreammodi ng a
scal abl e data stream which includes at |east one non-required picture in

a tenporal |ocation gf I r wherein decodi 0 l,ctures, i n an upper

| ayer at and succe,edlghaﬂeh@%ﬁl%ﬁ gt g?caéﬂf'a i Wi\e'l%m 8igngegder does
not require iBfrmation is seceived ipi at Supplearantak Emhahoeniont | ln€ragationf or mat i on
of the at | ) pitssB@B: required. picture in the scalable video data
stream 10. The video encoder according to claim9, wherein information of
the at | east one non-required picture is arranged to be signalled within a
portion of said scal 8blA \ddea enceden fdrlentbding deecalabisiefidés ca4tdi ng to

claim 10, Whgfedi comprising a base layer and at least one enhancement layer,

the video encoder comprising:

means for encoding a scalable data stream, which includes
at least one non-required picture in a temporal location of a layer
wherein decoding of pictures in an upper layer at and succeeding the
said temporal location in decoding order does not require said non-
required picture; and

means for including information of the at least one non-
required picture in the scalable video data stream.

10. The video encoder according to claim 9, wherein
information of the at least one non-required picture is arranged to be
signalled within a portion of said scalable data stream.

11. The video encoder according to claim 10, wherein
information of the at least one non-required picture is arranged to be
signalled in a Supplemental Enhancement Information (SEIl) message.

12. A video decoder for decoding a scalable video data
stream comprising a base layer and at least one enhancement layer,
the video decoder comprising: .

means for decoding signalling information received with a
scalable data stream, said signalling information including information
about at least one non-required picture in a temporal_location of a
layer; and




information of the at |east one non-required picture is arranged to be
signalled in a Supplenental Enhancenent Information (SElI) nessage. 12. A
vi deo. decoder. for decoding a scal able video data stream conprising a
base | ayer and at | east one enhancenent |ayer, the video decoder
conprising: neans for decoding signalling information received with a
scal abl e data stream said signalling information including information
about at | east one non-required picture in a tenporal. |ocation of a

| ayer; and 19 neans for decoding pictyges in a | ayer above the non

r dor v thout _decodi G308 fOfo AR oAGflupE e Riel J68YS Me stopcocor’ M
accor di ng t sequisgdn pituranhat end sslicteedingalhei $gid rtesesgli decatiPrarinanged t o

be decoded HRRYMgPOer Wttt BRELINGCSAidNch-ARjuRreatfigre. 14. The video
decoder according"to claim13, wheréin said signalling information is

arranged to be decoded from a Suppl enental Enhancenent |nfornation (SEl)
message. 15. An el ect3.ofiie vilao decoder aacoutiimg) ta chairil 3B wherelssaidt a

stream conpi}.5i ; : 5 I ig the
devi ce i ncl %@ﬂgg&@g@dﬁﬁ%gﬁ%@g%rt??@%gze%rﬂrggﬁg@gfae ncg’gi%&gdscal abl e

dat a streanﬁcﬁh@% YRA®- at | east one non-required picture in a
tenporal location of a |ayer wherein decoding of pictures in an upper

| ayer at and sycceed{Lp.gm@%idez)ahgc{)ggpaégé@ﬁ% icPe{?mi p&d\«;,’:lg iR pgder does
not require said non- ‘required prcture; an ans for 1ncluding 1 nformation
of the at | signalling:infermatienyis AF@ngee iorlbe idecodeddfn b pp%gnzﬂg\ta

stream 16. EpRafkefricn®Mmiormanbn ¢SEY) méesageng a scal abl e video data stream
conprising a base |ayer and at | east one enhancenent |ayer, the device

i ncl uding a video decoder conpri sing: _ )
15. An electronic device for encoding a scalable video data

stream comprising a base layer and at least one enhancement layer,
the device including a video encoder comprising:

means for encoding a scalable data stream, which includes
at least one non-required picture in a temporal location of a layer
wherein decoding of pictures in an upper layer at and succeeding the
said temporal location in decoding order does not require said non-
required picture; and

means for including information of the at least one non-
required picture in the scalable video data stream.

16. An electronic device for decoding a scalable video data
. stream comprising a base layer and at least one enhancement layer,
the device including a video decoder comprising:

means for decoding signalling information received with a
scalable data stream, said signalling information including information
about at least one non-required picture in a temporal location of a
layer; and

means for decoding pictures in a layer above the non-
required picture at and succeeding the said temporal location in
decoding order without decoding said non-required picture.

17. The electronic device according to claim 15, wherein
said electronic device is one of the following: a mobile phone, a




means for.decoding signalling information received with a scal able data
stream said signalling information including informati on about at |east
one non-required picture in a tenporal location of a |ayer; and neans for
decoding pictures in a | ayer above the non- required picture at and
succeeding the said tenporal |ocation in decoding order w thout decoding
said non-required picture. 17. The el ectronic device according to claim15,
wherein said electronic device is one of the followi ng: a nobile phone, a
20 conputer, a PDA device, a set-top20ox for a digital television system
a gam ng console, a nedia player or a television. 18. A conputer readable

medi um ha recor reon and he conput er
bt ogr am p¥éﬁﬁ%@fe§e5pﬁb%9§&fﬁ%ﬁ$"ge?ﬁ8§“%@f Asblie] RgeiRpBeystah cncodi ng
a scal abl 8 GRER9 COASPI8 A &aRTED M%ﬂ@i’gaée igionayer “and at | east one
enhancenment |ayer, the conputer program product conpri si ng a conput er

program code segt 'AO'a:ofn%ufé?Cl%delé Frdiah hawidy %%{%{ﬁ%@ drﬂC' udes
@

Sherern, déﬁﬁ%ﬁfﬁé‘?gm F thBtondnd | %&“ﬁ’@@éﬁ et 5%3 "Bhe said
temporal FEEGH ahieiin @ Aikfgcesamg deyice, fet encedling a aral am red
pi cture; dath streamucem prising sanbasde [ayart and abfeastcd)mellm@’lamrb@mmttl on of

the at | ersferoftite Wnp@ﬂéﬂpﬁr@@rﬁhﬁb%@ut@cé abI e video data stream

Lher on_and. ¢ he 2ccanieEbradafy ?ﬂé% R Ao, B RedRlpipoCor oo
processi na atf ?E%amﬁ OWEH%&%&ngaS g ?ﬁﬁt @ﬂﬁ 'rﬁgyﬁeﬁit PQH’(Qdﬁpﬁl sing a
base | ayeleraparal locedion oha laykavketein déeyding ofpictangsitire@rupgeam

product clayerist a0d susesadlhgrther QQT@t@rﬁ@@ﬁiaERﬁatRﬂw frPd rgeirgnal | i ng
| nfor mat | 9gek G5t reRflitd S8iPndRdRifedBi@urdr A sai d signalTing
a computer program code section for including information of
the at least one non-required picture in the scalable video data
stream. :

19. A computer readable medium having a computer program
product recorded thereon and the computer program product being
executable in a data processing device, for decoding a scalable video
data stream comprising a base layer and at least one enhancement
layer, the computer program product comprising:

a computer program code section for decoding signalling
information received with a scalable data stream, said signalling
information including information about at least one non-required
picture in a temporal location of a layer; and

a computer program code section for decoding pictures in a
layer above the non-required picture at and succeeding the said
temporal location in decoding order without decoding said non-
required picture.

20. A data structure implementing a scalable video data stream
comprising:
a base layer of video data;
at least one enhancement layer of video data;
at least one non-required picture in a temporal location of a
layer, which non-required picture is not required for decoding of target




information including information about at |east one non-required picture
in a tenporal location of a |ayer; and a conputer program code section for
decoding pictures in a |ayer above the non-required picture at and
succeeding the said tenporal location in decoding order w thout decoding
said non- required picture. 20. A data structure inplenenting a scal able
video data stream conprising: a base |ayer of video data; at |east. one
enhancenent | ayer of video data; at |east one non-required picture in a
tenporal |ocation of a Iayer whi ch n@mh-required picture is not required

for dec°d' X |81fu]ré§‘ Heén aﬁﬁe r&Sand a@ué&é%gfrg_#]aﬁé %ﬂl&‘”%@?%‘?&led' ng the

said tenp odi ng or der i ndi I on
i dent i fy| ng logatien 'rl G%%Q 'Bgé)rﬂ%rnainé'qw red picture. 21. A data structure

according to claim2@n indigagion datadidentifiinptheatdetst onemorseguired i r st

i ndi cation f)é @ | east one target picture; a second indication of at |east
one non-req g ‘picture for said target picture; and a third indication
of a quality level of the at |east one non- required picture. 22. A data

structure according po, ¢ & 28rucier ecBorimd tol BRirmago Owhéaéia said
associ at ed W|th ﬁwﬁﬁra on _of. said scal able data stream as a Suppl enent al

Enhancenent PWFS‘ ¢ g@r eﬁessage 23. The el ectronic device according
to claim16, whereina fgsl mdmonmratd;eam\arwetairgetomettme, the follow ng: a

mobi | e phone, a CO”RLEé%bndama%tlQﬁVdfCﬁ Ie%sﬁ%het ﬁ@nJPé’(EUIFéH fetdiedidral
tel evision ssysé? {a ﬂ_. ﬂ consol e, a pl ayer eI evi si on.
aid target picture; and
a third indication of a quality level of the at least one non-
required picture.

22. A data structure according to claim 20, wherein said
indication data is associated with a portion of said scalable data stream
as a Supplemental Enhancement Information (SEI) message.

23. The electronic device according to claim 16, wherein
said electronic device is one of the following: a mobile phone, a
computer, a PDA device, a set-top box for a dgital television system, a

- gaming console, a media player or a television. '




