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HYBRID SCALABLE DECODER AND METHOD FOR STANDARD-DEFINITION
AND HIGH-DEFINITION VIDEO FORMATS ON A SINGLE-DISC

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application Serial
No. 60/430,558, entitled “Hybrid Scalable CODEC For Single-Disc SD/HD-DVD” and
filed December 3, 2002, which is incorporated by reference herein in its entirety.

Field of the Invention

The present invention is directed towards video CODECS, and in patrticular,
towards video CODECS for integrating standard-definition and high-definition

versions of video data on a single digital video disc.

Background of the Invention

Video data is generally processed in the form of bit streams by video encoders
and decoders (collectively “CODECSs”), and stored on digital video disc (“DVD”)
media. There is a substantial installed user base of red laser DVD players using
MPEG-2 decoders. Red laser devices used with MPEG-2 encoding result in storage
capacities sufficient to support standard-definition (“SD”) versions of typical movies,
while there is great interest in supporting high-definition (“HD”) versions of these
movies on the same disc. Unfortunately, the installed user base of red laser players
used with MPEG-2 support a storage capacity insufficient for holding both SD and HD
versions of typical movies.

Red laser and blue laser technologies have both been considered for reaching
storage capacities sufficient to support high-definition recordings (“HD-DVD”). The
blue laser technology has the advantage of providing sufficient storage to hold
multiple high-quality HD movies on one disc using MPEG-2, but it is not yet
economically feasible to use blue lasers to supplant the installed user base of red
laser devices. Hence, there is a need for a coding scheme usable for HD-DVD that
can also support SD-DVD on the same disc readable by current red laser devices
using MPEG-2 decoders.

Thus, with red laser HD-DVD, it is desirable to store on a single disc, in

addition to the HD version, an SD version of a movie that can be read by a current
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player having an MPEG-2 decoder. This would mean that content creators would not
need to make a separate HD-DVD disc in addition to the SD disc, and retailers wouid
need to stock only one disc per movie, using just one stock keeping unit (“SKU”).
This may avoid problems such as those encountered with broadcast high-definition
television (*HDTV"”), where broadcasters did not want to transmit HD until more HD
sets were sold, but consumers did not want to buy HD sets until there was more HD
content available.

The present invention assumes the use of single-sided storage media. While
double-sided discs are an option for obtaining more storage, there is some resistance
to using both sides of the disc. This is due in part to the disadvantages of increased
cost and of the fact that storing content on both sides interferes with the labeling that
is normally put on one side of a disc. Accordingly, the approaches for HD-DVD of (i)
blue laser technology; (ii) double-sided red laser discs; and (iii) separate red laser
discs for HD and SD versions of a movie; each have significant drawbacks and

disadvantages.

Summary of the Invention

These and other drawbacks and disadvantages of the prior art are addressed
by a hybrid scalable decoder and method for processing video signal data as a
plurality of block transform coefficients for each of a base layer and an enhancement
layer included on a dual standard-definition and high-definition disc. The hybrid
scalable decoder is comprised of a standard-definition decoder for decoding the
standard-definition data from a base layer bitstream embodying a standard-definition
data sequence, and a high-definition decoder coupled to the standard-definition
decoder for decoding the difference between the high-definition data and the
standard-definition data from an enhancement layer bitstream embodying a high-
definition data sequence, and a two-layer composition unit for composing a high-
definition signal data sequence from the standard-definition data and the difference
between the high-definition data and the standard-definition data.

These and other aspects, features and advantages of the present invention
will become apparent from the following description of exemplary embodiments,

which is to be read in connection with the accompanying drawings.
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Brief Description of the Drawings
The invention utilizes hybrid scalable video CODECs for integrating standard-

definition (“SD”) with high-definition (“HD”) on a single digital video disc (“DVD") in
accordance with the following exemplary figures, in which:

Figure 1 shows a block diagram for a hybrid scalable encoder, in accordance
with the principles of the present invention;

Figure 2 shows a block diagram for a down-sampling algorithm usable with the
encoder of Figure 1, and in accordance with the principles of the present invention;

Figure 3 shows a block diagram for transform coefficients usable with the
encoder of Figure 1, and in accordance with the principles of the present invention;

Figure 4 shows a block diagram for an interpolation algorithm usable with the
encoder of Figure 1, and in accordance with the principles of the present invention;

Figure 5 shows a block diagram for motion compensation filtering usable with
the encoder of Figure 1, and in accordance with the principles of the present
invention;

Figure 6 shows a block diagram for another embodiment of a hybrid scalable
encoder in accordance with the principles of the present invention; and

Figure 7 shows a block diagram for a hybrid scalable decoder in accordance
with the principles of the present invention.

Detailed Description of Preferred Embodiments
We have recognized the need for and contemplated the use of at least two

approaches for providing standard-definition (“SD”) and high-definition (“HD")
versions of a movie on a single red-laser disc. A first approach is that of providing
single-disc SD and HD using red laser with simulcast MPEG-2 for SD and H.26L for
HD. A second approach is that of providing single-disc SD and HD using red laser
with a hybrid scalable approach using MPEG-2 for the base layer and a modified
H.26L for the enhancement layer.

For storing SD and HD on one disc, the two options of simulcast and
scalability are now considered. Due to storage capacity constraints with red laser
DVD, MPEG-2 may not be sufficient for the HD layer. The simulcast approach
records independent MPEG-2 SD and H.26L HD streams on the disc, and the



10

WO 2004/052003 PCT/US2003/036377

4

scalable approach uses MPEG-2 for the base layer and a modified H.26L for the
enhancement layer.

For comparison purposes, total bitrates of 7, 8, and 9 Mbps are considered.
For each of these total bitrates, Tables 1 and 2 presents the estimated performance
of the disclosed hybrid scalable ahd the simulcast approaches, respectively, for
several different cases. The performance is estimated in terms of equivalent MPEG-
2 HD bitrate. Equivalent MPEG-2 HD bitrate for a particular case is the MPEG-2
bitrate that would be required to achieve similar quality to the HD layer for that case.

Table 1. Estimated Hybrid Scalability Performance

H.26L Equivalent
SD HD
. ) Improvement | MPEG-2
Bitrate | Bitrate )
Factor HD Bitrate

Table 2. Estimated Simulcast Performance

H.26L Equivalent
SD HD
. i Improvement | MPEG-2
Bitrate | Bitrate )
Factor HD Bitrate
3 4 2 8
4 25 10
2 10
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For each total bitrate, two different SD bitrates are listed: 3 and 4 Mbps. In
addition, two different improvement factors are used for H.26L over MPEG-2: 2 and
2.5. This means that MPEG-2 at either 2 times or 2.5 times the bitrate is considered
to provide similar quality to H.26L at 1- times the bitrate.

The performance for the simulcast case of Table 2 is obtained by multiplying
the HD bitrate by the H.26L improvement factor. The estimated performance for the
hybrid scalability approach of Table 1 is obtained by multiplying the HD bitrate by the
H.26L improvement factor, adding the SD bitrate, and multiplying by a factor of 0.9 to
compensate for the loss in coding efficiency due to scalability. The 0.9 factor is an
estimate based on previous experience.

The shaded rows in Tables 1 and 2 indicate cases that may be expected to
provide sufficient quality for HD-DVD. Comparing the tables, more rows in Table 1
are shaded. Looking at Table 2, it can be seen that for the simulcast approach to
provide acceptable quality, either 1) H.26L must provide 2.5X improvement over
MPEG-2 and 3 Mbps must be sufficient for the SD layer, or 2) 9 Mbps must be used
for the total video bitrate and 3 Mbps must be sufficient for the SD layer, or 3) 9 Mbps
must be used for the total video bitrate and H.26L must provide 2.5X improvement
over MPEG-2.

For the scalability case, the performance would not be sufficient for borderline
cases where 1) the formula used to compute the equivalent MPEG-2 HD bitrate is too
optimistic, or 2) oniy 7 Mbps is allowed for the total bitrate and the modified H.26L
does not provide 2.5X improvement over MPEG-2, or 3) 4 Mbps must be used for the
SD layer, a total video bitrate of 9 Mbps is not allowed, and H.26L does not provide

2.5X improvement.
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Thus, embodiments of the present invention allow two versions of a movie,
one standard-definition (“SD") and one high-definition (“HD”), to be read from a dual-
layer, single-sided, red laser DVD disc without the need to store the information
included in the SD version a second time as part of the HD version. The coding is
done using a hybrid MPEG-2 and modified H.26L scalability. The use of MPEG-2 for
the base layer provides an SD bitstream that can be played by a current SD DVD
player. The enhancement layer is coded using a modified H.26L (also known as JVT
or MPEG-4 Part 10 or AVC) scheme to provide the coding efficiency needed to put
both the SD and HD movies on a single disc. The present invention may also be
applied to streaming and/or volatile content, such as, for example, streaming Internet
video, in addition to DVD media. | |

The following description merely illustrates the principles of the invention. It
will thus be appreciated that those skilled in the art will be able to devise various
arrangements, which, although not explicitly described or shown herein, embody the
principles of the invention, and are included within its spirit and scope. Furthermore,
all examples and conditional language recited herein are principally intended
expressly to be only for pedagogical purposes to aid the reader in understanding the
principles of the invention and the concepts contributed by the inventor(s) to
furthering the art, and are to be construed as being without limitation to such
specifically recited examples and conditions. Moreover, all statements herein reciting
principles, aspects, and embodiments of the invention, as well as specific examples
thereof, are intended to encompass both structural and functional equivalents thereof.
Additionally, it is intended that such equivalents include both currently known
equivalents as well as equivalents developed in the future, i.e., any elements
developed that perform the same function, regardless of structure.

Thus, for example, it will be appreciated by those skilled in the art that the
block diagrams herein represent conceptual views of illustrative circuitry embodying
the principles of the invention. Similarly, it will be appreciated that any flow charts,
flow diagrams, state transition diagrams, pseudocode, and the like represent various
processes which may be substantially represented in computer readable media and
so executed by a computer or processor, whether or not such computer or processor

is explicitly shown.
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The functions of the various elements shown in the figures may be provided
through the use of dedicated hardware as well as hardware capable of executing
software in association with appropriate software. When provided by a processor,
the functions may be provided by a single dedicated processor, by a single shared
processor, or by a plurality of individual processors, some of which may be shared.
Moreover, explicit use of the term “processor” or “controller” should not be construed
to refer exclusively to hardware capable of executing software, and may implicitly
include, without limitation, digital signal processor (“DSP”) hardware, read-only
memory (“ROM”) for storing software, random access memory (“RAM”), and
non-volatile storage. Other hardware, conventional and/or custom, may also be
included. Similarly, any switches shown in the figures are conceptual only. Their
function may be carried out through the operation of program logic, through dedicated
logic, through the interaction of program control and dedicated logic, or even
manually where the particular technique being selectable by the implementer is more
specifically understood from the context.

In the claims herebf, any element expressed as a means for performing a
specified function is intended to encompass any way of performing that function
including, for example, a) a combination of circuit elements which performs that
function or b) software in any form, including, therefore, firmware, microcode or the
like, combined with appropriate circuitry for executing that software to perform the
function. The invention as defined by such claims resides in the fact that the
functionalities provided by the various recited means are combined and brought
together in the manner which the claims call for. Applicant thus regards any means
that can provide those functionalities as equivalent to those shown herein.

As shown in Figure 1, a hybrid scalable encoder is indicated generally by the
reference numeral 100. The encoder 100 includes a two-layer decomposition unit
110 for receiving an original HD sequence. The decomposition unit 110 is coupled in
signal communication with an MPEG-2 encoder 112 that receives the Base layer
pixels from the decomposition unit and provides a Base layer bitstream output. The
MPEG-2 encoder 112 is coupled to an SD frame buffer 114 and provides
reconstructed base pixels to the buffer. The buffer 114 is coupled in feedback signal
communication with the encoder 112, and is further coupled to an interpolator 116.
The interpolator 116 is coupled to a first input of a summing block 118, which has its
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output coupled to a clipper 120. The clipper 120, in turn, is coupled to an HD frame
buffer 122, which is coupled to a modified H.26L encoder 124. The encoder 124 has
an input coupled to the decomposition unit 110 and an output coupled to a second
input of the summing block 118 for providing reconstructed Enhancement layer pixels
to the summing block. The encoder 124 provides an Enhancement layer bitstream
output.

Turning to Figure 2, a down-sampling algorithm is indicated generally by the
reference numeral 200. Schematically, an original HD block 210 is Ayexie but is
divided into four 8x8 sub-blocks 220, 230, 240 and 250, respectively. An 8x8 integer
transform is applied in parallel to each of the sub-blocks by the 8x8 integer
transformers 221, 231, 241 and 251, respectively. Next, low-pass filtering is
performed on each of the transformed sub-blocks by low-frequency sub-block
extractors 222, 232, 242 and 252, respectively. The low-pass filtered sub-blocks are
then zero-padded to 5x4 sub-blocks, if needed, by the zero-padding blocks 223, 233,
243 and 253, respectively. Inverse transforms are then applied to each of the zero-
padded sub-blocks by 5x4 inverse transformers 224, 234, 244 and 254, respectively,
to provide new sub-blocks 225, 235, 245 and 255, respectively, that make up a new
block 212. An integer transform is applied to the new block 212 by a 10x8 integer
transformer 214, which is coupled to an 11x9 zero-padder 216. The zero-padder 216
is coupled, in turn, to an 11x9 inverse transformer 218 that provides the base layer
pixels B11xg. An advantage of the downsampling method shown in Figure 2, as
compared to simply operating independently on 8x8 blocks, is more flexibility in the
sample rate conversion ratio. For the particular embodiment shown in Figure 2, the
horizontal resolution of the SD layer is 9/16 of the HD horizontal resolution, and the
vertical resolution of the SD layer is 11/16 of the HD vertical resolution. These ratios
are not possible if 8x8 blocks are processed independently, since the conversion
ratios would then be of the form P/8 for some integer P between 1 and 7.

Turning now to figure 3, an 8x8 sub-block is indicated generally by the
reference numeral 300. The sub-block 300 corresponds to the sub-blocks 220, 230,
240 and 250 of Figure 2. The sub-block 300 includes base layer 310 and
enhancement layer 312 transform coefficients, where, for the base layer, a subset of
the 5x4 sub-block of coefficients 310 in the upper left corner of each 8x8 coefficient
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block is extracted. The remaining coefficients 312 in the 8x8 block are enhancement
layer coefficients.

As shown in Figure 4, an interpolation algorithm is indicated generally by the
reference numeral 400. The algorithm 400 includes an 11x9 integer transformer 410
for transforming the reconstructed version of B11xe, denoted B'y1xs. The block 410
leads to a 10x8 truncation block 412, which leads to a 10x8 inverse transform block
414 that outputs an intermediate block 416. The block 416 includes four sub-divided
sub-blocks 460, 470, 480 and 490, respectively. An integer transform is applied to
each of these sub-blocks by 5x4 integer transformers 462, 472, 482 and 492,
respectively. Next, the transformed sub-blocks are zero-padded by 8x8 zero-padders
464, 474, 484 and 494, respectively. The zero-padded transformed sub-blocks are
then treated to an inverse transform by 8x8 inverse transformers 466, 476, 486 and
496, respectively, to form corresponding new sub-blocks 468, 478, 488 and 498,
which collectively make-up the B’1gx16 block 418.

Tuming to Figure 5, a motion compensation filter is indicated generally by the
reference numeral 500. The filter 500 includes an 8x8 integer transformer 510 for
transforming the input, Pgxs. The transformer 510 is coupled to an assignment unit
512 for setting the base layer coefficients to zero. The assignment unit 512, in turn,
is coupled to an 8x8 inverse transformer 514 for providing the output, P’gys.

Turning now to Figure 6, another embodiment of a hybrid scalable encoder is
indicated generally by the reference numeral 600. The encoder 600 is similar to the
encoder 100 of Figure 1, but has a downsampling unit for completing the
decomposition. Thus, the encoder includes a downsampling unit 610 for receiving an
original HD sequence and downsampling to provide Base layer pixels. The encoder
600 also includes a first summing block 611 for receiving the original HD sequence at
a non-inverting input. The downsampling unit 610 is coupled in signal communication
with an MPEG-2 encoder 612 that receives the Base layer pixels from the
downsampling unit and provides a Base layer bitstream output. The MPEG-2
encoder 612 is coupled to an SD frame buffer 614 and provides reconstructed base
pixels to the buffer. The buffer 614 is coupled in feedback signal communication with
the encoder 612, and is further coupled to an interpolator 616. The interpolator 616
is coupled to an inverting input of the first summing block 611. The interpolator 616 is

further coupled to a first input of a second summing block 618, which has its output
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coupled to a clipper 620. The clipper 620, in turn, is coupled to an HD frame buffer
622, which is coupled to a modified H.26L encoder 624. The encoder 624 has an
input coupled to the output of the first summing block 611 for receiving Enhancement
layer pixels, and an output coupled to a second input of the second summing block
618 for providing reconstructed Enhancement layer pixels to the second summing
block 618. The encoder 624 provides an Enhancement layer bitstream output.

As shown in Figure 7, a hybrid scalable decoder is indicated generally by the

" reference numeral 700. The decoder 700 includes an MPEG-2 decoder 710 for

receiving a Base layer bitstream. The MPEG-2 decoder is coupled to an SD frame
buffer 712 for buffering the standard-definition frames. The SD frame buffer 712
provides an output suitable for an SD display, and is coupled back to the MPEG-2
decoder 710. The MPEG-2 decoder is further coupled to an interpolator 714, which
is coupled, in turn, to a non-inverting input of a two-layer composition unit or summing
block 718. The hybrid scalable decoder 700 further includes a modified JVT decoder
716 for receiving an Enhancement layer bitstream. The modified JVT decoder is
coupled to a second non-inverting input of the summing block 718. The output of the
summing block 718 is coupled to a clipping unit 720, which is coupled, in turn, to an
HD frame buffer 722. The HD frame buffer 722 provides an output suitable for an HD
display, and is also coupled back to the modified JVT decoder 716. In operation, the
exemplary hybrid scalable scheme uses MPEG-2 encoding for the base layer and
modified H.26L encoding for the enhancement layer. In the exemplary system, the
resolution for the HD layer is 1280x720, and the SD layer is 704x480. Figure 1
shows a high-level block diagram of an exemplary hybrid scalable encoder. First, the
original HD material is decomposed into a base layer containing the low frequency
content and an enhancement layer containing the high frequency content of the
original sequence. The base layer is encoded using MPEG-2 (or other suitable SD
scheme) and the enhancement layer is encoded using a modified version of H.26L
(or other suitable HD scheme). In an exemplary embodiment of the present
invention, the base and enhancement bitstreams are recorded on the disc in an
interleaved fashion. The reconstructed HD frames are obtained by interpolating the
reconstructed base layer pixels and adding the result to the reconstructed

enhancement layer pixels.
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An exemplary embodiment of the hybrid scalable decoder includes an MPEG-
2 decoder, a modified H.26L decoder, and an interpolator for the base layer. The
output of the interpolator and the H.26L decoder are summed to form the
reconstructed HD frames.

To provide two-layer decomposition, Figure 2 shows the algorithm for down-
sampling the input HD block Asexie to obtain the base layer pixel block B11xg. The
amount of processing shown in Figure 2 would be quite large, except that each step
in the diagram can be written as a matrix transformation, so it is possible to
implement the entire procedure as a post-multiplication by a matrix (D) for horizontal
down-sampling followed by a pre-multiplication by a matrix (D) for vertical down-
sampling.

In general, the transform-based down-sampling used to create the SD frames
might be preferred, but there may be applications where alternate embodiment
spatial-domain FIR filtering should be used to avoid artifacts that might arise from the
transform type of filtering and/or down-sampling.

Referring back to Figure 2, the first part of the down-sampling operates on 8x8
blocks. Forthe base layer, a subset of the 5x4 sub-block (or possibly the entire 5x4
sub-block) of coefficients in the upper left corner of each 8x8 coefficient block is
extracted, as was shown in Figure 3. The remaining coefficients in the 8x8 block,
represented by the gray area in Figure 3, are enhancement layer coefficients.

By putting a set of coefficients smaller than the 5x4 upper-left block into the
base layer and then zero padding to 5x4, low-pass filtering of the base layer is
accomplished. In terms of overall coding efficiency of the scalability scheme, putting
a smaller number of coefficients into the base layer serves two purposes. First, more
of the data is then encoded using the more efficient H.26L enhancement layer
coding. Second, the smaller number of base layer coefficients can be coded to better
accuracy in the base layer for a given base layer bitrate, and hence no refinement of
these coefficients is needed in the enhancement layer. This is key to achieving the
90% efficiency used to compute the estimated performance numbers given in Table
1. The selection of coefficients for the base layer can be either pre-determined or
adaptive in alternative embodiments. The down-sampling transformation matrices

(D4) and (D2) depend on which coefficients are used in the base layer, so if the
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selection is adaptive either multiple versions of (D) and (D,) are stored, or the
processing in Figure 2 is performed in two steps instead of one.

For base layer processing, the block B;xg forms part of the SD frame. That
SD frame is encoded using MPEG-2, and the reconstructed frame is stored in an SD
frame buffer. The reconstructed version of By1xg, denoted B'y1xg, is interpolated to
form a 16x16 block B'yexis. The interpolation algorithm is shown in Figure 4. As in
the case of down-sampling, the interpolation can be implemented using two matrix
multiplications. First a pre-multiplication by matrix (Ds4) interpolates vertically, then a
post-multiplication by (Dg) interpolates horizontally. The interpolated block B’1exi6 is
subtracted from the original data to form the enhancement layer block (Eexis).

The block (E1ex16) is encoded using a modified version of H.26L for
enhancement layer coding. The two modifications made to H.26L to encode the
enhancement layer include:

a) An extra filtering step is used in the motion compensation unit. After the
sub-pixel interpolation is performed, the low frequency content is removed from the
prediction. The process used to perform this task is illustrated in Figure 5. It can be
implemented as a pre-multiplication by a matrix (Ds) and a post-multiplication by a
matrix (Dg). The matrices (Ds) and (De) depend on which coefficients are coded in
the base layer, so if the selection of base layer coefficients in the encoder is done
adaptively, then that selection must be signaled to the decoder. This parameter
could be changed only at the picture layer, in which case the overhead would not be
significant.

b) The transform coefficients are scanned in a different order from non-
scalable H.26L. The new scan order puts all of the base layer coefficients at the
beginning, followed by the enhancement layer coefficients.

In addition to the two modifications made to the H.26L encoder, some
restrictions are made on coding modes. First, the 4x4, 4x8, and 8x4 motion
compensation modes of H.26L are not allowed in the enhancement layer.
Experiments have indicated that these modes are not very useful at HD resolutions,
so this constraint on the encoder shall not affect coding efficiency very much. The
second restriction that is made is that only the 8x8 transform, which is part of the

adaptive block transform feature of H.26L, is used for the luma.
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Referring back to Figure 1, the enhancement layer pixels are reconstructed
and added to the interpolated reconstructed base layer pixels to form the
reconstructed HD frames. These reconstructed HD frames are used as reference
frames for coding of future enhancement layer data.

Interleaving of bitstreams on disc may be accomplished by one of two
alternatives for storing the two layers on the disc. These are:

1) Using the multiple-angle/seamless-branching feature of DVD. The base
stream would be stored as angle one, and the enhancement layer as other angles.
Only angle one would be playable by the current DVD player. The current DVD
standard specifies constraints for multiple angles and seamless branching (for
example, maximum jump sectors, minimum buffer sectors) that, if met, should ensure
seamless playback.

2) Using other stream IDs for the enhancement layer. Because current DVD
only uses stream ID OxEO to store video streams, other stream IDs can be used to
store the enhancement layer.

The present invention provides the ability to decode two bitstreams from a
single disc at the same time to obtain the HD version, or to decode a single bitstream
to obtain the SD version. Content providers may still have the option of releasing two
separate discs for SD and HD in cases where they want to charge a premium for the
HD version of a movie, for example. The new players will play a disc with a non-
scalable H.26L stream, in addition to the scalable streams. Embodiments of the
present invention may encourage content creators, video stores and consumers to
build up stocks of HD material before the new HD players have reached an installed
quantity that would justify creating, selling and buying HD-only discs.

Thus, preferred embodiments of the disclosed CODEC include two features:
(i) a new method for downsampling that puts low frequency transform coefficients in
the base layer and high frequency transform coefficients in the enhancement layer,
with more flexibility in the sampling rate conversion ratio than previous methods; and
(i) a method for reducing the base layer bitrate that does not require refinement of
the base layer coefficients in the enhancement layer.

These and other features and advantages of the present invention may be
readily ascertained by one of ordinary skill in the pertinent art based on the teachings
herein. Itis to be understood that the teachings of the present invention may be
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implemented in various forms of hardware, software, firmware, special purpose
processors, or combinations thereof.

Most preferably, the teachings of the present invention are implemented as a
combination of hardware and software. Moreover, the software is preferably
implemented as an application prdgram tangibly embodied on a program storage
unit. The application program may be uploaded to, and executed by, a machine
comprising any suitable architecture. Preferably, the machine is implemented on a
computer platform having hardware such as one or more central processing units
(“CPU”), a random access memory (“RAM”), and input/output (“I/O”) interfaces. The
computer platform may also include an operating system and microinstruction code.
The various processes and functions described herein may be either part of the
microinstruction code or part of the application program, or any combination thereof,
which may be executed by a CPU. In addition, various other peripheral units may be
connected to the computer platform such as an additional data storage unit and a
printing unit.

It is to be further understood that, because some of the constituent system
components and methods depicted in the accompanying drawings are preferably
implemented in software, the actual connections between the system components or
the process function blocks may differ depending upon the manner in which the
present invention is programmed. Given the teachings herein, one of ordinary skill in
the pertinent art will be able to contemplate these and similar implementations or
configurations of the present invention. '

Although the illustrative embodiments have been described herein with
reference to the accompanying drawings, it is to be understood that the present
invention is not limited to those precise embodiments, and that various changes and
modifications may be effected therein by one of ordinary skill in the pertinent art
without departing from the scope or spirit of the present invention. All such changes
and modifications are intended to be included within the scope of the present

invention as set forth in the appended claims.
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CLAIMS

1. A decoder (700) for decoding encoded signal data from a plurality of
block transform coefficients for each of a base layer and an enhancement layer, the
decoder comprising:

a standard-definition decoder (710) for decoding the standard-definition data
from a base layer bitstream embodying a standard-definition data sequence;

a high-definition decoder (716) coupled to the standard-definition decoder for
decoding the difference between the high-definition data and the standard-definition
data from an enhancement layer bitstream embodying a high-definition data
sequence; and

a two-layer composition unit (718) for composing a high-definition signal data
sequence from the standard-definition data and the difference between the high-
definition data and the standard-definition data.

2. A decoder as defined in Claim 1 wherein the signal data comprises

video pixel data.

3. A decoder as defined in Claim 1 wherein the standard-definition
decoder meets an MPEG-2 standard.

4.  Adecoder as defined in Claim 1 wherein the high?definition decoder
meets a modified H.26L standard.

5. A decoder for decoding signal data from a plurality of block transform
coefficients for each of a base layer and an enhancement layer, the decoder
comprising: '

first receiver means for receiving an encoded base layer bitstream;

first decoder means for decoding standard-definition data from the base layer
bitstream;

second receiver means for receiving an encoded enhancement layer

bitstream;
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second decoder means for decoding the difference between high-definition
data and the standard-definition data from the enhancement layer bitstream; and

composition means for composing a high-definition signal data sequence from
the decoded standard-definition data and the decoded difference between high-

definition data and the standard-definition data.

6. A method for decoding signal data from a plurality of block transform
coefficients for each of a base layer and an enhancement layer, the method
comprising:

receiving an encoded base layer bitstream;

decoding standard-definition data from the base layer bitstream;

receiving an encoded enhancement layer bitstream;

decoding the difference between high-definition data and the standard-
definition data from the enhancement layer bitstream; and

composing a high-definition signal data sequence from the decoded standard-
definition data and the decoded difference between high-definition data and the

standard-definition data.



PCT/US2003/036377

WO 2004/052003

L "OId

WYIHLSLIg ISVE <
e CES %%%;z_\m_ ~——211
h d3LONYLSNOO3H X
- « | H3ddng
oLl NOILY1OdHILNI JWVHL aS
viv
ONIddITO [¢ +)—8i
L ga— 4_~
S1aXid
H344ng INIWIONVHNI $13XId
INVH4 QH a310NHLSNOO3IY Isve
mm_\
NYIHLISLIE 300ONI192H | S13xid NOILISOdWN093a|,  FONIND3IS
INJWIONVHN3 d3131d0N LNIWIONVHNI HIAVTOML [ grvnioio

vm?\

001

oE\



PCT/US2003/036377

WO 2004/052003

6Xlig WHOASNVHL N WHO4SNYHL ¢ Old
sTaXid <«—] 3sHIANI b EFHOL L1 yaoqINt |— 12
H3IAY1 3SVd 6X11 dvd Od3Z 8x0|
giz—’ okg—’ H
IWHO4SNYHL (eE[eEENEN) ¥0079-9ns IWHO4SNYHL
ISHIANI k]  #S0L  le]AONTNOFHIMOT ] HIDILINI |
pXG avd O3z 10VHIX3 8xg 012
bz ez 22— 15z - /<
v
WHO4ASNVHL (@3gaan ) ¥2079-ans INHO4SNvVHL
T2 3sHIN ] GOL  [{AONINOIHIMOT ] HIDILNI .
© | =T ¥Xg avd OH3z 10VHIX3 8xg — | —
N Gve | 99¢ k \ \ \ 02 | 0S¢
be eve e v
m@frm.ml wdodsnvdl| | (a3azan 1) M0019-anS WHO4SNYHL 0ez | ozz
x| ] 3SHIANI ] #XS0L |ledAONINOIHI-MOT ] HIDILINI — |
PXG avd O43z 10VHIX3 gxg & S an
212 vmm\ mmmL Nmmk _.mm\ IVYNIDIHO
Wdo4snvdl| | (@3a3an ) M0078-9ns NHO4SNVHL
ISHIANI PXSOL ] AONINOIHI-MOT HIDILNI
¥Xg avd OH3z 10VHIX3 gxg
vmmk mmwK NNN\ FNNk

00¢ I\



WO 2004/052003 PCT/US2003/036377

3/6

/500
F510 f512- /514

SET BASE LAYER
P 8x8 INTEGER | 8x8 INVERSE .
8x8—> TRANSFORM COECF)FZ'E'F%'TS ! TRANSFORM [>T 8x8

FIG. 5



PCT/US2003/036377

WO 2004/052003

4/6

v "Old

WHOJSNVHL ) WHO4SNVHL
3SHAANI 8X8OL ¢ 1 y3o3INI
oxg avd OH3z bXS
_J _J _J
vl g 98 8y 28y
WHOASNVHL WHO4SNVHL
y ex80L |
P A BN avdouzz [ FEN T~ >
861 | 881 06y | 08t
96—’ veyr—" 26— ALl
8/74- 897 WHOJSNVHL WHO4SNVHL 0L | 09v
X | | 3suaw ew“wowwN | HaoaINl e %
8xg §XG
L» oip-’ vy’ 2 1
8lv- NHOASNYHL 8 0L NHOASNVHL
ISHIANI 1 y3aoaIN
o Qvd 043z o
oo’ voy—’ movk
WHOASNYHL 01 oL WHOJSNVHL
m_w%w\wz_ <— 20voNneL €T mm%wm.z_ «— 6Xllg
— —
A iy 2Ly o:\



PCT/US2003/036377

WO 2004/052003

Y/ C Wy3H1SLIg 3SYa < 3009N3
S13XId 3Sve =53any | o+
G3LONHLSNOO3Y -
| H3idng
919 — | NOILY1OdH3LNI JNVHA aS
o/
ONIddITO [¢ (+—819
A -
© 5 ONITdINYS- NMOd
W 029
S73XId \ ﬁ
INIWIONVHN3
ng
mw,_wﬁ aH Q3.1ONHLSNOO3H 019
229 ~/ _
300ON3 192 H S$13xId JON3NO3S
WYIHLSLIE ¢ PA
ININIFONVHNS d31d1a0N INGWZONVHNT aH TYNIDIHO

44" K

009

8



PCT/US2003/036377

WO 2004/052003

©

RS

00 \

N -G\l ><4n_m_DAI| Y344ng
asol AWvH4 as
L= H
Wy3uLsllg
300030 | '
. ﬁ Z-03dW ISve
piL NOILYTOdHILNI
oﬁk
AV1dSId H344N9g
aHoL 7 3wy aH ONIddITO 814
N&k 021~ 30093d WY3H1SLig
I —
IN3IWIONYHN
- a3IH1I00W
912 ﬁ



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US03/36377

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(7) HO4N 7/12
USsCL 375/240.25

B.  FIELDS SEARCHED

According to International Patent Classification (IPC) or to both national classification and IPC

Minimum documentation searched (classification system followed by classification symbols)
U.S. : 375/240.25, 15, 16, 26; 348/384.1, 390.3, 401.1, 409.1

None

Documentation searched other than minimmm documentation to the extent that such documents are included in the fields searched

None

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. _ DOCUMENTS CONSIDERED TO BE RELEVANT

“A*  dociment defining the general state of the art which is not considered to be
of particular relevance

“B" earlier appli

ion or patent published cn or after the international filing date

“L”  document which may throw doubts an priority claim(s) or which is cited to
establish the publication date of another citation or other special reasan (a8
specified)

“O"  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the intemational filing date but later than the
priority date claimed

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5,973,739 A (NILSSON) 26 October 1999 (26.10.1999), figure 1, columm 1, lines 22- 1-6
32.
X US 6,057,884 A (CHEN et al) 02 May 2000 (02.05.2000), figure 2, column 6, line 1 - 1-6
column 10, line 33.
X US 5,852,565 A (DEMOS) 22 December 1998 (22.12.1998), column 11, lines 18-28. 1-6
D Further documents are listed in the continuation of Box C. D See patent family annex.
. Special categories of cited documents: “” later d published after the inter | filing date or priority

date and not in canflict with the application but cited to understand the
principle or theory underlying the inventian

X" document of particular relevance; the claimed invention cannot be
cansidered novel or cannot be cansidered to involve an inventive step
when the document is taken alone

“y”» document of particular relevance; the claimed invention cannot be
cansidered to involve an inventive step when the document is
cambined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search
25 March 2004 (25.03.2004)

Date of mailing of 6} gwﬁaﬁo&ﬂ 7ﬁﬁ] eport

Name and mailing address of the ISA/US
Miail Stop PCT, Attn: ISA/US
Commissioner for Patents

P.O. Box 1450
Alexandria, Virginia 22313-1450

Facsimile No. (703)305-3230

Authorized officer
Nhon T Diep
Telephone No. 703 305-26

ad

Form PCT/ISA/210 (second sheet) (July 1998)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

