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(57) Abstract: The invention relates to a method of coding a video content in the form of a temporally scalable stream. This content
&= is represented by a first group of interlaced pictures formed by a first field interlaced with a second field and by a second group of
& progressive pictures, each picture of the second group coinciding with a field of the first group. The method comprises the following
steps: - coding the fields of the first group on M temporal levels according to a first predefined coding order, with M an integer
strictly greater than 1, such that the second field of a low resolution picture is coded immediately after the first field, and - coding
the pictures of the second group of pictures on M temporal levels in a second predefined coding order. According to an essential
characteristic of the invention, the second coding order equals the first coding order.
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DEVICE AND METHOD FOR CODING A VIDEO CONTENT IN THE
FORM OF A SCALABLE STREAM

1. Scope of the invention

The invention relates to the general domain of the coding of a video
content in the form a temporally scalable stream.

The invention relates more particularly to a device and a method for
coding a video content in the form of a temporally scalable stream, said
content being represented by a first group of interlaced pictures formed by a
first field interlaced with a second field and a second group of progressive

pictures.

2. Prior art

Multi-layer coding methods are known that are suitable to code a
video content in the form of a scalable stream of coded data. Scalability
represents the capacity to scale the information to make it decodable at
several levels of resolution and/or quality and/or temporal frequency. A coded
data stream generated by this type of coding method is generally divided into
several layers, particularly a base layer and one or more enhancement layers.
Such a coding procedure enables the video content to be coded in the form of
a single stream that can adapt for example to the varied capacities (in terms
of CPU, characteristics of the display device, etc.) of the reception devices. A
first reception device can only decode the part of the stream relative to the
base layer whereas a second more effective device can decode the entire
stream. Such a coding method is particularly interesting to code a video
content in the form of a single stream, the base layer being relative to a first
version of the content, e.g. to the HD 1080i 30 Hz version, and the
enhancement layer being relative to the a second version of the same video
content, e.g. to the HD 1080p 60 Hz version. Such a coded data stream can
advantageously be decoded by the current decoding platforms that are
capable of reconstructing contents in the HD 1080i 30Hz format. This same
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content will also in the future be able to be decoded by future decoding
platforms capable of reconstructing contents in the HD 1080p 60Hz format.
The current platforms only decode the part of the stream relative to the base
layer and the future platforms will decode the entire stream.

Such a coding method is suitable to code pictures or parts of pictures
(e.g. blocks or macroblocks) of the enhancement layer from picture parts of
the base layer by means of tools known under the name of inter-layer
prediction. Such tools are defined in the document JVT-V201 of the ISO/IEC
MPEG and the ITU-T VCEG published in January 2007 and entitled "Joint
Draft 9 of SVC amendment". This document describes the SVC extension of
MPEG-4 AVC relating to scalability. More precisely, a picture data block of a
picture of the enhancement layer is predicted spatially (intra coding mode) or
temporally (inter coding mode). In this last case, it is predicted either
according to a standard prediction mode from picture blocks of the
enhancement layer (for example bidirectional prediction mode, direct
prediction mode, anticipated prediction mode, etc.) or else is predicted
according to an inter-layer prediction mode from picture blocks of the base
layer. In this last case, motion data (for example, a partitioning of the
macroblock into blocks, possibly motion vectors and reference picture indices)
and possibly picture data associated with a picture block of the enhancement
layer are deduced or inherited from motion data respectively of the picture
data associated with picture blocks of the base layer.

Moreover, coding methods are known that are suitable to code a
video content per GOP (Group Of Pictures) according to a hierarchical GOP
structure such as shown in figure 1 for progressive pictures. In this figure, a
GOP is coded according to a dyadic inter-picture temporal dependence
structure (M. Flierl and B. Girod, “Generalized B Pictures and the Draft
JVT/H.264 Video Compression standard”, IEEE Trans. on Circuits and
Systems for Video Technology, vol. 13, pp. 587-597, July 2003). The temporal
dependences between pictures are shown by a dotted line. Picture 2
temporally depends on pictures 0 and 4, i.e. picture 2 or part of picture 2 can
be coded by temporal prediction with reference to pictures 0 and 4. According
to such a structure, the pictures are coded on several temporal levels, a
picture of a given temporal level only being able to be coded with reference to
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the pictures of lower or equal temporal level, themselves previously coded.
The structure is known as dyadic to the extent that the pictures of a given
temporal level being at a frequency F, if the pictures of the next temporal level
are added, a sequence at a frequency twice the previous one is obtained,
namely 2F. Such a structure advantageously enables a temporally scalable
data stream to be generated by providing a high compression rate. Indeed, by
ignoring the higher temporal levels, i.e. by not decoding the coded data
stream part relating to these levels, the temporal frequency of the video is
thus reduced with respect to the temporal frequency of the video that would
have been reconstructed by decoding the entire coded data stream. To
achieve this, an item of temporal level information is inserted into the stream.
This information is particularly used by a decoding method to identify the
coded data packets relating to a given temporal level and consequently to
identify the coded data packets to ignore to reconstruct a video content at a
given frequency. According to the SVC standard, this temporal level
information is coded in the header of each NAL (Network Adaptation Layer)
type packet.

In the case of an interlaced video, each picture is formed by a first
field interlaced with a second field. When the interlaced video is coded in
picture mode, the two fields of the picture are coded simultaneously. When
the interlaced video is coded in field mode, both fields of a picture are coded
consecutively, i.e. the second field is coded immediately after the first field.
This type of coding advantageously enables the memory space requirements
of the decoder to be reduced. Indeed, if the two fields of a same picture are
not coded consecutively, it is necessary, on the decoder side, to store the first
reconstructed field in memory until this second field is itself reconstructed, so
as to be able to restore the whole picture. Such an approach requires more
memory space.

If the first field is the field known as the upper or TOP field then the
second field is the lower field or BOTTOM field and vice versa. The
hierarchical GOP structure illustrated by figure 1 in the case of a progressive
video is applied, in the case of an interlaced video coded in field mode, by
replacing a picture by the two fields that compose it, as illustrated in figure 2.
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In this figure, the TOP field is shown by a solid line and the BOTTOM field is
shown by a dotted line. In figure 2, an interlaced picture of index k is
composed of a TOP field referenced kT and a BOTTOM field referenced kB.
In such a diagram, the two fields 2T and 2B of the picture 2 are coded
consecutively, i.e. the second field of the picture 2 is coded immediately after
the first field of the picture 2. This makes it possible not to introduce any time
for the coding of the picture 2 and consequently for a future decoding of said
picture. In such a diagram, all or part of the field 2T can be coded with
reference to the previously coded fields OT, OB, 4T and 4B. Note that this field
can also be fully or partly coded in intra mode, i.e. independently from any
other picture of the sequence. As for the field 2B, it can be fully or partly
coded with reference to the previously coded fields OT, OB, 4T and 4B and
also with reference to the field 2T. This structure has the same advantages in
the interlaced case as in the progressive case (i.e. high compression rate and

temporal scalability).

Furthermore, multi-layer coding methods are known in which the base
layer and the enhancement layer are coded according to the hierarchical GOP
structure as illustrated by the figures 1 and 2. Such a two-layer hierarchical
GOP structure, an interlaced base layer and a progressive enhancement
layer, is shown in figure 3. In this figure, the progressive pictures of the
enhancement layer are referenced by their index k. A timestamp is associated
with each picture of the enhancement layer and with each field of the base
layer. In figure 3, a picture of the enhancement layer and a field of the base
layer having the same timestamp coincide vertically. The pictures of the
enhancement layer can be coded with reference to the corresponding field,
i.e. with the same timestamp, in the base layer using inter-layer prediction
tools or with reference to one or more previously coded pictures of the
enhancement layer or even independently from the other pictures of the
sequence (intra-coding). For instance, picture 2 of the enhancement layer can
be fully or partly coded from data of the field 1T of the base layer by means of
inter-layer prediction methods. However, when such a structure is used within
the context of the SVC standard, some pictures of the enhancement layer
cannot use the inter-layer prediction. This is the case of temporal level 3
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pictures. Indeed, the SVC standard only allows inter-layer prediction between
pictures of identical temporal levels. However, namely picture 1 is at the
temporal level 3 whereas the field of the same timestamp, i.e. the field 0B, is
at the temporal level 0. Moreover, the SVC standard, through the definition of
profiles, limits the size of the memory suitable to store the reference pictures.
Owing to this limitation in memory size, the picture 0B is no longer present in
said reference picture memory during the coding of picture 1 of the
enhancement layer. Indeed, the pictures and frames are coded in the
following order: OT, OB, 0, 4B, 4T, 8, 2T, 2B, 4, 1T, 1B, 2, 3T, 3B, 6, 1, 3, 5, 7,
9. Hence, supposing that the reference picture memory has the capability of
storing 4 reference pictures, the pictures 0T, OB and 0 are therefore no longer
available during the coding of the picture 1 for it to use as reference. To be
able to make the inter-layer prediction level between picture 1 and the
corresponding field 0B, 15 reference pictures must be stored in memory. The
fact of not being able to code some pictures of the enhancement layer by

inter-layer prediction has a negative effect on the coding performances.

3. Summary of the invention

The purpose of the invention is to compensate for at least one
disadvantage of the prior art.

The invention relates to a method of coding a video content in the form
of a temporally scalable stream. This content is represented by a first group of
interlaced pictures formed by a first field interlaced with a second field and by
a second group of progressive pictures, each picture of the second group
coinciding with a field of the first group. The method comprises the following
steps:

- coding the fields of the first group on M temporal levels according to a first
predefined coding order, with M an integer strictly greater than 1, such that the
second field of an interlaced picture is coded immediately after the first field of
this interlaced picture, and

- coding the pictures of the second group of pictures on M temporal levels in a
second predefined coding order.

According to an essential characteristic of the invention, the second coding

order equals the first coding order.
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Advantageously, the method enables each picture of the enhancement
layer to be coded fully or partly with reference to a field of the base layer by
inter-layer prediction.

According to another aspect, the second field of a picture of the first
group of pictures is coded at a temporal level strictly higher than the temporal
level at which the first field of the picture is coded and the picture of the
second group that coincides with the second field is coded at a temporal level
strictly higher than the temporal level at which the picture of the second group
that coincides with the first field is coded.

According to a particular characteristic of the invention, a field coded at
a given temporal level is coded fully or partly with reference to a previously
coded field at a level lower than or equal to the given temporal level.

The invention also relates to a device for coding a video content in the
form of a temporally scalable stream. This content is represented by a first
group of interlaced pictures formed by a first field interlaced with a second
field and by a second group of progressive pictures, each picture of the
second group coinciding with a field of the first group. The device comprises:

- first coding means for coding the fields of the first group on M temporal
levels according to a first predefined coding order, with M an integer strictly
greater than 1, such that the second field of an interlaced picture is coded
immediately after the first field of this interlaced picture, and

- second coding means for coding the pictures of the second group of pictures
on M temporal levels in a second predefined coding order.

According to an essential characteristic of the invention, the second

coding order equals the first coding order.

4. List of figures
The invention will be better understood and illustrated by means of

embodiments and implementations, by no means limiting, with reference to

the figures attached in the appendix, wherein:

— figure 1 illustrates a hierarchical structure of a group of progressive
pictures according to the prior art,
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— figure 2 illustrates a hierarchical structure of a group of interlaced pictures
according to the prior art,

— figure 3 illustrates a multi-layer structure of a group of pictures according to
the prior art,

— figure 4 illustrates a multi-layer structure of a group of pictures according to
a first embodiment of the invention,

— figure 5 illustrates a multi-layer structure of a group of pictures according to
a second embodiment of the invention,

— figure 6 shows a coding method according to the invention,

— figure 7 illustrates a coding device according to the invention, and

— figure 8 illustrates a coding device according to a variant of the invention.

5. Detailed description of the invention

The invention relates to a method and a device for coding a video
content in the form of a temporally scalable stream. The video content is
represented by a first group of interlaced pictures, i.e. formed by a first field
interlaced with a second field, and a second group of progressive pictures,
each picture of the second group temporally coinciding with a field of the first
group, i.e. having the same timestamp. The pictures of the first group, called
pictures of the base layer, are coded in the form of a base layer and the
pictures of the second group, called pictures of enhancement layer, are coded
in the form of an enhancement layer.

With reference to figures 4 and 6, a first embodiment of the invention is
described for a first group of M/2 interlaced pictures, i.e. M fields, and a
second group of M progressive pictures, where M is a positive whole number.
In figures 4 and 6, M=10. The 10 pictures or fields are coded on 3 temporal
levels referenced level 0, level 1 and level 2 according to a dyadic structure of
hierarchical GOP. The invention comprises a coding step 10 in field mode of
the interlaced pictures of the base layer. The pictures of the base layer are
coded, for example, according to the standard MPEG-4 AVC defined in the
ISO/IEC document 14496 -10:2005, the temporal dependences being
determined by the GOP structure defined with reference to figure 2. The

frames of the base layer are coded according to a predefined coding order. In
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this example, the fields of the level 0 are coded before the fields of the higher
levels in the following order: OT, OB, 4T and 4B. The fields of level 1 are then
coded in the following order: 2T and 2B possibly with reference to the fields of
the level 0. The field 2B can also be coded fully or partly with reference to the
field 2T. Then, the fields of level 2 are coded in the following order: 1T, 1B,
3T, 3B. The field 1T is coded fully or partly with reference to the frames of the
lower layers previously coded and still stored in memory at the moment of its
coding. Likewise, the field 1B, the field 3T and the field 3B are coded with
reference to the fields of the lower levels or with reference to the fields of the
same previously coded temporal level. The step 10 of the invention is identical
to the coding step of the base layer according to the method of the prior art
described herein with reference to figure 2.

According to an essential characteristic of the invention, in step 20, the
pictures of the enhancement layer are coded according to a standard
hierarchical GOP structure as defined in the prior art with reference to figures
1 and 3. For this purpose, the structure of the GOP illustrated in figure 3 is
modified in such a manner that the pictures of the enhancement layer are
coded in the same coding order as the fields of the base layer. The two
pictures of the enhancement layer that coincide temporally with two fields of a
same picture of the base layer are coded consecutively, the second picture
being coded immediately after the first picture which was not the case in the
standard structure. For example, with the standard hierarchical GOP
structure, the picture 1 is not coded immediately after the picture 0. Indeed,
the pictures 8, 4, 2 and 6 are coded between the two.

The new hierarchical GOP structure enables the pictures of the
enhancement layer to be coded per pair in the same coding order as the fields
of the base layer, namely that the picture of the enhancement layer having the
same timestamp as the second field of a picture of the base layer is coded
immediately after the picture of the enhancement layer having the same
timestamp as the first field of said picture of the base layer. In this
embodiment, the pictures and frames are coded in the following order: 0T, 0B,
0, 1, 4T, 4B, 8, 9, 2T, 2B, 4, 5, 1T, 1B, 2, 3, 3T, 3B, 6, 7. The pictures of the
base layer are therefore coded in the following order: 0,1, 8,9, 4,5, 2,3,6, 7,
which is the same coding order as the fields of the base layer, i.e. OT, OB, 4T,
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4B, 2T, 2B, 1T, 1B, 3T, 3B. Consequently, supposing that the reference
picture memory has the capacity for storing 4 reference pictures, the pictures
0T, OB and 0 are therefore available during the coding of picture 1 to be used
for reference, which was not the case with the dyadic GOP structure defined
with reference to figure 3. Note that in the latter case, it is necessary to store
15 reference pictures so that the picture 1 will benefit from the inter-layer
prediction. Hence, a picture of the enhancement layer of index 2k benefits
from inter-layer prediction from the kTOP field, whereas the picture 2k+1
benefits from the inter-layer prediction from the k BOTTOM field. As the
pictures 2k and 2k+1 are coded consecutively, i.e. in the same coding order
as the fields of the base layer, the problem of unavailability of the k BOTTOM
field no longer arises. All the pictures with odd indices can therefore benefit
from the inter-layer prediction from their corresponding BOTTOM field (as
shown by the grey rectangles in figure 4), which enables the coding efficiency
of the video content to be increased. Such a GOP structure gives priority to
the inter-layer prediction for all the pictures of the enhancement layer.

However, although it enables the temporal scalability to be obtained by
shedding the pictures of higher temporal levels, namely level 2, this temporal
scalability is less fine than the scalability obtained with a GOP structure as
defined with reference to figure 3, because two consecutive pictures are
necessarily removed, e.g. the pictures 2 and 3, and 6 and 7.

According to another aspect of the invention, described with
reference to figure 5, the temporal levels associated with the pictures and
fields are modified in relation to the levels associated with the pictures and
fields of figure 4. Note that within the framework of the SVC standard, the
temporal levels are coded in the headers of each NAL unit as described
above. According to the invention, for each picture of the base layer, a
temporal level is associated with the second field of the said picture, i.e. with
the BOTTOM field, which is strictly higher than the one associated with the
first field of the said picture, i.e. with the TOP field. For example, the temporal
level O is associated with the field OT and the temporal level 3 with the field
0B, the temporal level 1 is associated with the field 2T and the temporal level
4 with the field 2B. Likewise, for each picture pair of the enhancement layer, a
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temporal level is associated with the said pair that coincides with the second
field of a picture of the base layer, namely a BOTTOM field in figure 5, which
is strictly higher than the temporal level associated with the picture of the said
pair that coincides with the first field of a picture of the base layer, namely a
TOP field in figure 5. More generally, temporal levels higher than those of the
TOP fields of the base layer and respectively than those of the pictures with
an even index of the enhancement layer are assigned to all the BOTTOM
fields of the base layer and to all the pictures with an odd index of the
enhancement layer. Generally, the temporal levels are thus associated with

the pictures and frames in the following manner:

For i=0 to N-1, where N is a positive integer defined in such a manner
that 2+2=M, i.e. N= log(M-2)/log2

For the base layer,
For any k such that k*2"" lies between 0 and 2"-1:
- the level i is associated with the TOP fields of index k*2"
- the level i+N assigned to the BOTTOM fields of index k*2""
For the enhancement layer,
For any k such that k*2V*'" lies between 0 and 2"*'-1:
- the level i is associated with the pictures of index k*2N*"
- the level 1+N is associated with the pictures of index 1+k*2N*"

Moreover, to comply with the constraints imposed by the SVC coding
standard, a field or picture of a given temporal level cannot be coded with
reference to a picture of a level strictly higher or to a picture not previously
coded. For example, according to the invention, the picture 1 with which the
temporal level 3 is associated cannot be used as temporal reference for the
picture 2 with which the temporal level 2 is associated. Advantageously, it is
thus possible by not decoding the NAL units corresponding to the highest
temporal levels, namely the temporal levels 3, 4 and 5, to obtain the same
temporal scalability as the one obtained with a dyadic GOP structure as
defined in figure 3. Hence, by associating the temporal levels with the pictures

and fields, all the pictures of the enhancement layer can be coded by using
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the inter-layer prediction from the corresponding fields of the base layer while
keeping a temporal scalability with a fine granularity.

With reference to figure 7, the invention relates to a coding
device 6. Only the essential elements of the invention are shown in this figure.
The elements that are well known by those skilled in the art of video coders
are not shown, e.g. motion estimation module, motion compensation module,
etc. The modules shown are functional units that may or may not correspond
to physically distinguishable units. For example, these modules or some of
them can be grouped together in a single component, or constitute functions
of the same software. On the contrary, some modules may be composed of
separate physical entities. It comprises a first input 60, a second input 62, a
first coding module 64, a first memory 66, a second memory 67, a second
coding module 68, a multiplexing module 70 and an output 72.

The first input 60 is suitable to receive a first group 11 of interlaced pictures
representative of a video content, called pictures of the base layer. The
second input 62 is suitable to receive a second group I1 of progressive
pictures representative of the same video content, called pictures of the
enhancement layer. The first coding module 64 is suitable to receive, from the
first input 60, the interlaced pictures of the base layer and to code, in the form
of a first stream S1, the said pictures in field mode. The pictures of the base
layer are coded for example in the video coding standard MPEG-4 AVC, the
temporal dependences between fields being determined by the hierarchical
GOP structure defined with reference to figure 2. For this purpose, the fields
are therefore coded according to a predefined coding order. A field is possibly
coded fully or partly with reference to another previously coded field, and
reconstructed and stored in the first memory 66. Once coded and
reconstructed, the fields are possibly stored in the first memory 66 and in the
second memory 67. The first coding module implements step 10 of the
method according to the invention.

According to an essential characteristic of the invention, the second coding
module 68 is suitable to receive from the second input 62 the progressive
pictures of the enhancement layer and to code, in the form of a second
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stream, S2, said pictures according to the same coding order as the fields of
the base layer. The two pictures of the enhancement layer that coincide
temporally with two fields of a same picture of the base layer are coded
consecutively, the second picture being coded immediately after the first
picture which was not the case in the standard structure. For example, with
the standard hierarchical GOP structure, the picture 1 is not coded
immediately after the picture 0. Indeed, the pictures 8, 4, 2 and 6 are coded
between the two. Once coded and reconstructed, the pictures are stored in
the second memory 66. The second coding module implements the step 20 of
the method according to the invention.
A multiplexing module 70 receives the streams S1 and S2 of the first coding
module 64 respectively of the second coding module 68 and multiplexes S1
and S2 into a single stream S that is sent to the output 72.

According to a variant shown in figure 8, the coding device 7 comprises
a single input 80 that is suitable to receive the second group of pictures. The
coding device 7 furthermore comprises a processing module 82 suitable to
generate the second group of pictures 12 from the first group of pictures.

According to another aspect of the invention, the coding device 6 is
suitable to associate temporal levels with the fields of the base layer and with
the pictures of the enhancement layer according to the method described

herein.

Of course, the invention is not limited to the embodiment examples
mentioned above. In particular, the person skilled in the art may apply any
variant to the stated embodiments and combine them to benefit from their
various advantages. Notably, the invention described within the framework of
the SVC video coding standard, is in no way restricted to said standard. The
invention described with two layers, a base layer of interlaced pictures and an
enhancement layer of progressive pictures, can be extended to several
enhancement layers. Furthermore, the invention described within the
framework of a coding of pictures of the base layer into field mode in which
the TOP pictures are coded before the BOTTOM pictures ("top field first"
mode) can be applied in the same manner to the case of a coding of the
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pictures of the base layer into field mode in which the BOTTOM pictures are
coded before the TOP pictures ("bottom field first" mode).
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Claims

1. Method for coding a video content in the form of a temporally scalable
stream comprising a base layer and an enhancement, said content being
represented by a first group of interlaced pictures formed by a first field
interlaced with a second field and by a second group of progressive pictures,
each picture of the second group coinciding with a field of the first group, said
method comprising the following steps:

- coding, as the base layer, the fields of the first group on M temporal levels
(10) according to a first predefined coding order, with M an integer strictly
greater than 1, such that the second field of an interlaced picture is coded
immediately after the first field of said interlaced picture,

- coding, as the enhancement layer, the pictures of the second group of
pictures on M temporal levels (20) in a second predefined coding order,

the method being characterized in that said second coding order is equal to
the first coding order.

2. Method according to claim 1, wherein the second field of a picture of said
first group of pictures is coded at a temporal level strictly higher than the
temporal level at which the first field of said picture is coded and wherein the
picture of said second group that coincides with said second field is coded at
a temporal level strictly higher than the temporal level at which the picture of
said second group that coincides with said first field is coded.

3. Method according to claim 1 or 2, wherein a field coded at a given temporal
level is coded fully or partly with reference to a previously coded field at a

level lower than or equal to said given temporal level.

4. Device for coding a video content in the form of a temporally scalable
stream comprising a base layer and an enhancement layer, said content
being represented by a first group of interlaced pictures formed by a first field
interlaced with a second field and by a second group of progressive pictures,
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each picture of the second group coinciding with a field of the first group, said
device comprising:

- first coding means (64) for coding, as the base layer, the fields of the first
group on M temporal levels according to a first predefined coding order, with
M an integer strictly greater than 1, such that the second field of an interlaced
picture is coded immediately after the first field of said interlaced picture,

- second coding means (68) for coding, as the enhancement layer, the
pictures of the second group of pictures on M temporal levels in a second
predefined coding order,

the device being characterized in that said second coding order is equal to the
first coding order.
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