
transform  coefficient data which have been decompressed to produce a
transform  representation of the moving image.           



- 15 -                        BRIEF DESCRIPTION OF THE DRAWINGS     Figures
1 - 4 illustrate layers of compressed data within the video compression
layer of the   MPEG-1 data stream, i.e., Figure 1 depicts the Groups of
Frames or Pictures (GOP's),   Figure 2 depicts the Macroblock (MB)
subdivision of a picture, Figure 3 depicts an  exemplary Slice subdivision
of a frame, and Figure 4 depicts the Block subdivision of a   Macroblock.
Figure 5 illustrates the two-level motion compensation among pictures in a
GOP employed 



in the MPEG-I standard.     Figure 6 illustrates how macroblocks are scaled
at various resolution scales according to  the present invention. Note that
macroblocks can also be scaled to resolutions higher than the full
resolution shown in the Figure.    Figure 7 illustrates the hierarchical
prediction of DCT coefficients corresponding to the  scales shown in Figure
6.    Figure 8 is a block diagram of a decoder that can decode three of the
four resolution scales 



of Figures 6 and 7. Note that several of the blocks could be discarded if
only one resol-  ution scale is desired as an output.    Figure 9 is a
block diagram of a decoder with bit-stream scalability.     Figure 10 is a
block diagram of an hierarchical decoder with dequantization prior to pre-
diction.               YO 991 178       



- 16 -    Figure 11 is a block diagram of a flexible scalable video
compression encoder implemen-   tation that can be used with the present
invention.    Figure 12a is a block diagram of one version of Transform
Unit that can be used in the   flexible scalable video compression encoder
implementation of Figure 11.    Figure 12b is a block diagram of another
version of Transform Unit that can be used in   the flexible scalable video
compression encoder implementation of Figure 11. 



Figure 13a is a block diagram of one version of a Hierarchical Prediction
Unit that can   be used in the flexible scalable video compression encoder
implementation of Figure 11.    Figure 12b is a block diagram of another
version of a Hierarchical Prediction Unit that   can be used in the
flexible scalable video compression encoder implementation of Figure
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS     Before presenting a
description of the particular implementations of the present invention, 



it should be explained that the wide range of applications in which digital
video is expected  to play a role, imposes many conflicting requirements
for video compression algorithms.  These conflicts are manifested in terms
of standards compatibility, encoder and decoder  implementation complexity,
functionality, image quality, etc. It is believed that these
YO 991 178   



- 17 -   conflicting requirements cannot be satisfied by a single coding
algorithm, but instead re-  quire a flexible architecture of algorithms
which can be matched to the requirements of the  specific application. Such
flexibility may be used to satisfy many of these conflicting re-
quirements, while still preserving a great deal of compatibility amongst
the different man-  



ifestations of the architecture. It is believed, for example, that while
different encoder  implementations may be needed for different
applications, it should be possible to imple-  ment a single decoding
device which can decode all bitstreams that conform to the flexible
architecture. It is also believed that such a generic decoder should not be
excessively  complex. One object of this invention is to provide such a
generic decoder.    Several applications will benefit from resolution and
bitstream scalability features as de- scribed above. The methods and
apparatus of the invention support resolution and  bitstream scaling by
hierardhical coding of 8x8 DCT components. Although DCTs of  other sizes
could be used, the preferred embodiment starts with 8x8 DCTs because that
is  



the choice of several standard compression algorithms.    For resolution
scaling, the invention may be used to provide, for example, up to four
levels  of resolution. The lowest possible resolution is attained by coding
the equivalent of the  upper left component of an 8x8 DCT block; this
resolution is 1/64 of the original resol-  ution. Next a resolution of 1/16
of the original resolution may be obtained by coding of  the equivalent of
the upper left 2x2 coefficients of the DCT block. Coding of the equiv-
alent of the upper left 4x4 coefficients leads to a resolution of 1/4 of
the original resol-  ution. Finally, the coding of all 8x8 coefficients
leads to the full resolution video.   



Given a fixed resolution, the invention supports bitstream scaling by
coding multiple hi-  erarchical layers at the same resolution. But, with
progressively finer quantization factors,  these layers would result in
video of the same spatial resolution and of incresing quality.
YO 991 178                                                            -18-



In this case, the first and lowest layer of the hierarchy is coded with
coarse quantization    and the higher layers are coded with quantization of
increased precision.     The architecture is flexible: one or more of these
hierarchical layers can be stacked up in    order of increasing resolution
or precision, such that the reconstructed coefficients at one    level of
resolution are used to predict the corresponding coefficients at the next
level of    resolution. Except for the lowest hierarchical layer, transform
coefficients in any layer are    coded differentially with respect to their
prediction. An encoder might be chosen, for ex-    ample, to generate a
bitstream that only contains data for the full and the 1/16 resolution
scales. In such case, the coefficients at the 1/16 resolution layer would
be used to predict  



the coefficients at the full resolution layer. Alternatively, for bitstream
scalability, a    coarsely quantized set of 8x8 DCT coefficients in one
layer can serve as prediction for the    corresponding set of 8x8
coefficients in the next layer, which are more finely quantized.     The
basic characteristic of the architecture of the invention is that the
identity of the  MacroBlock (MB) structure of MPEG-1 is preserved across
all resolution and precision layers. Figure 6 shows this feature for the
case of coding with four levels of resolution. It  is important to preserve
this identity because, as noted in the description of the MPEG-1
algorithm, an MB is associated with a series of attributes which contribute
to the amount  of overhead data incorporated in a compressed data stream.
Preserving the MB identity  permits the reuse of this overhead data for all
hierarchical layers. For example, the motion 



vector data corresponding to any resolution scale can be derived from the
highest resol-  ution motion vector data by appropriate scaling.
Multiplexing of scaling layers       Although not the subject of this
invention, it is important to note that, before trans-   mission or
storage, the data for the various scales must be multiplexed by an encoding
YO 991 178     



-19-  device. There are many options for implementing this multiplexing.
For example, the data   for a full picture at each level of hierarchy could
be catenated in the order of increased   resolution and precision. It will
be understood that the data contains signals representative   of
information related to the picture elements or pixels of the video images
being handled.   These signals are typically electrical signals that are
processed in appropriate electronic   devices, such as video cameras,
computers, and ancilliary equipment as will be thoroughly 



familiar to and understood by those of skill in the art.    Quantization of
resolution and bitstream scales    In the preferred embodiment, the
quantization of each hierarchical layer uses the same  matrices specified
in MPEG-1. Thus, the DCT data for the various resolution scales is
derived from the full resolution 8x8 DCT matrix. If the MPEG-I quantization
matrix    of weights is denoted by Q8, the matrix of weights for lower
resolution DCTs are derived    as follows:   



Quantizer    DCT       Factor                     Q1        1x1         1/8
Q8                     Q2      2x2         1/4 Q8                     Q4
4x4         1/2 Q8       It should be noted that the present invention also
covers the case where generic    quantization matrices are used at each
scale, but this only makes the decoding device more    complex.
Hierachical prediction of resolution and bitstream scales  



In the preferred embodiment, DCT coefficients in a hierarchical layer are
used to predict    the corresponding coefficients in the next layer of the
hierarchy. An example is illustrated             YO 991 178             in
Figure 7 wherein a hierarchy of 4 resolution layers is shown. The
prediction algorithm 



is a simple one-to-one mapping of the properly scaled coefficients.
However, it should be  noted that other prediction algorithms could be used
again at the cost of increased com-  plexity.    Provisions for rate
control of hierarchical layers      In the preferred embodimient the
quantization parameter of M PEG-1, QP, is used at the   lowest layer of the
hierarchy. QP parameters at other layers of the hierarchy are specified
with reference to this lower layer QP. For example, a high layer QP
parameter could be   specified to be twice the lower layer QP. 



Scalable decoder implementations     The invention involves an architecture
with a flexible number of hierarchical layers.  However, for ease of
explanation, two three-layer decoders that exemplify the resolution  and
bitstream scalability features will be described. The decoder apparatus,
which is shown  in Figure 8, supports 2x2 (low), 4x4 (medium), and 8x8
(high) resolution scales. Decoders  with only one target resolution scale
can be implemented by eliminating the boxes in Fig-  ure 8 that are not
necessary to achieve the target. After entropy decoding and demulti-
plexing the compressed data for the three resolution scales, there will be
for every 8x8  



block data, corresponding 2x2 and 4x4 block data, all of which are
necessary to build the  final 8x8 matrix of DCT coefficients.    In the
preferred embodiment, the following steps are followed to arrive at the
full resol- ution 8x8 DCT coefficients. After dequantizing by the qp[err]
quantization parameter of the  2x2 layer, the low resolution 2x2 blocks are
used as a prediction to the four lowest order  coefficients of the
corresponding 4x4 blocks. These predictions are summed to the de-
YO 991 178       



-21-   quantized 4x4 coefficients, where dequatization of the 4x4
coefficients is performed by the   qp[err] quantization parameter. The
results of the previous sum are similarly used as predic-   tion to the 16
lowest order coefficients of the corresponding 8x8 blocks. These
predictions   are summed to the dequantized 8x8 coefficients, where
dequantization of the 8x8 coeffi-  cients is performed by the qp[err]
quantization parameter.    Note that the DCT coefficients are only
dequantized by quantization parameters as the  



final matrix of coefficients is rebuilt. Dequantization by the quantization
matrix of  weights is only needed once the final resolution is reached.
This feature is possible be-  cause, in the preferred embodiment, the
matrix of weights at the various scales are pro-  portionally related as
explained above.    The final 8x8 matrix of coefficients can now be used to
reconstruct the full resolution  picture using MPEG-I techniques, including
motion compensated prediction. Referring  to Figure 8 in this regard, it
will be appreciated that at the full resolution level the 16x16  MCP unit
represents a generic MPEG-I Motion Compensation Prediction unit operating
on an MB; the IDCT box is a unit for performing a standard MPEG-I 8x8
inverse 



transformation; and the Q8-1 box represents a unit for performing inverse
quantization  by the corresponding MPEG-1 matrix of weights.    To decode
video pictures at other resolution scales a similar procedure is followed,
except  that the process of summing predictions to dequantized coefficient
data stops at the resol-  ution at which it is desired to decode. The
operation of dequantization by a matrix of  weights, represented by
Q4[err], and Q2[err], uses the scaled matrices of the preferred em-
bodiment. The operation of inverse transformation is performed by using a
transform of  the appropriate size. Thus for decoding at 1/4 resolution a
4x4 inverse DCT should be  



used. The one-dimensional DCT matrices appropriate for decoding at the
three "scaled"             YO 991 178
-22- resolutions supported are:         DCT(1 x 1)= 1  



[err]      [err]  Both the DCT(1xl) and the DCT(2x2) are trivial and should
be easy to implement, even     It should be noted that MCP units at other
resolutions share the same motion vector data,  MV to generate motion
compensated predictions for the scaled MBs at the various resol- 



ution scales. Of special note is that when using motion compensation
techniques, the full  resolution motion vector should be scaled
appropriately to match the decoder resolution.  This has been described
previously.   A decoder that implements bitstream scalability is shown in
Figure 9. The operation of  this decoder is very similar to that of Figure
8, except that only 8x8 operations are used  to produce outputpictures of
increasing levels of quality. For this reason the various units  (e.g-,
Q8[err], IDCTs, and MCP, etc), can be physically implemented by single
hardware and shared by the various hierarchical layers.    



Finally, an alternative decoder implementation that is not part of the
preferred embod-  iment, but in keeping with the invention, is shown in
Figure 10. This decoder operates in  the same manner as that in Figure 8.
However, it permits any quantization weight matri-  ces to be used in the
various hierarchical layers. It also implements generic means of pre-
dicting DCT coefficients from a lower hierarchical layer. In this.sense P2
is used to             YO 991 178          



- 23 -     predict 4x4 coefficients from 2x2 coefficients, and P4 is used
to predict 8x8 coefficients     from 4x4 coefficients. There are many
prediction algorithms that may be used, including     the one-to-one
mapping of the preferred embodiment.       Encoder implementations
There are many possible implementations of encoders compatible with the
decoders of the     present invention described above, however, by way of
example, two such encoders, each  of which is only designed for resolution
scaling, will be described. The general structure  of a three resolution
layer encoder is shown in Figure 11. The encoder is divided into three 



parts. The first part is a transform unit which takes the digital video
input and outputs   DCT data for the three resolution layers: d(8x8),
d(4x4), and d(2x2). The second part is   an hierarchical prediction unit
which takes the tranform unit's DCT output, and outputs   quantized
differential DCT data at all resolution layers: q(8x8), q(4x4), and q(2x2).
This   output is multiplexed and entropy coded in the third unit to
genererate the final com-   pressed video. The prediction unit also
generates reconstructed DCT data: b(8x8), b(4x4),     and b(2x2), which is
fed back to the transform unit to complete the loop of typical hybrid
transform codecs.      Figure 12a shows a simple implementation of the
transform unit. In this implementation     the 8x8 layer contains elements
which are also part of MPEG-1 encoders and more ge- 



nerically, part of motion compensated hybrid transform encoders. The upper
branch con-     tains: a summer  [err] to generate a motion compensated
prediction difference; a forward     8x8 DCT transform to generate the 8x8
transform coefficients of said prediction differ-     ence; and a unit for
quantization by a matrix of weights (Q8). The output is a set of
partially quantized DCT coefficients, d(8x8). The return or feedback branch
receives a     set of partially reconstructed DCT coefficients, b(8x8), and
then processes them with the     following units: an inverse quanfizer for
the matrix of weights (QS[err]) and inverse DCT               YO 991 178



-24-  transformer (IDCT 8x8) that reconstructs the prediction differences;
a summer to add the  reconstructed prediction differences to the motion
compensated prediction thus recon-  structing the original picture data;
and finally, a Motion Compensation Prediction (MCP)  unit to generate a
prediction for the next picture. In MPEG-1 this MCP unit operates  on 16x
16 MBs as shown in the Figure, but other block sizes could be used. In this
im- plementation of the transform unit, the d(2x2) and d(4x4) coefficients
are simply extracted  



from the corresponding 8x8 coefficients. It should be noted that it is also
possible to derive  the d(2x2) and d(4x4) coefficients through other
reduction or weighting algorithms applied  to the 8x8 coefficients.    Note
that because there is no feedback loop in the lower resolution scales, this
encoder will  result in accumulation of quantization and motion
compensation errors at these resolution  scales. The error, however, will
be naturally reset back to zero whenever a new Group of  Pictures starts.
While the quality of the lower resolution layers will be limited by this
ac-  cumulation of errors, the simplicity of the encoder makes this
approach attractive. In  particular, if what is required is only bitstream
scalability, this approach is all that is 



needed.    Another implementation of the transform unit is shown in Figure
12b. This version is  similar to the one in Figure 1 2a, however, d(2x2)
and d(4x4) are generated by similar, but  completely independent loops
operating at each resolution scale. In this sense, the H[err] and  H[err]
units are used to filter and reduce the resolution of the input video by a
factor of 1/4  in each case. In this manner each layer takes an input of
the appropriate resolution. All  operations such as DCT, quantization, and
MCP are also scaled according to the resol- ution of the layer.    



At a cost of increased complexity, this version would generally produce
better quality  low-resolution pictures than those produced by the unit in
Figure 12a. In this case, coding           YO 991 178
- 25 -     errors will not accumulate more than one picture period. Note,
however, that the results     of the 16x 16 motion estimation can be shared
by all resolution loops since, in the invention, 



motion vectors are one of the attributes shared by MBs at all scales. This
implementation     is more appropriate for applications where the quality
of the low resolution video is im-        Figure 13a shows one
implementation of the hierarchical prediction unit. First the hierar-
chical prediction differences for the 4x4 and 8x8 layers are generated in
the summers.   All layers are then quantized by their respective quantizer
parameters and the results are    output as q(2x2), q(4x4), and q(8x8).
These results are also inverse quantized by the   corresponding quantizer
parameters and then added in the two other summers to generate    the
partially reconstructed b(2x2), b(4x4), and b(8x8) data, which is fed back
to the    transform unit. Figure l3b shows a rearrangement of the same
elements which can be used 



as an alternative implementation for the hierarchical prediction unit.
It should be noted that one skilled in the art can design further encoding
alternatives that  are compatible with the decoding methodology and
architecture of the present invention.             
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CLAIMS  1.   A method of decoding a moving image at a target spatial
resolution scale from  compressed video information containing data for a
hierarchy of spatial resolution scales,  comprising the steps of       (a)
decompressing macroblock attributes and transform coefficient data from a
base spatial resolution scale;       (b) decompressing refinements to the
macroblock attributes and additional  transform coefficient data for the
next higher spatial resolution scale in the hierarchy;       (c)  repeating
step (b) for progressively higher spatial resolution scales in the
hierarchy until the target spatial resolution scale is reached; and, 



(d) combining the transform coefficient data which have been decompressed
to  produce a transform representation of the moving image.  2.   A method
as in claim  1 wherein said macroblock attributes are appropriately
modifiable to conform to the spatial resolution scale of said target
spatial resolution  scale.  3.   A method as in claim 1 further comprising
the step of omitting at least a portion of  the compressed under
information in the macroblock when found in error.  4.   A method of
producing a compressed video data representation of a moving image,  the
representation including a hierarchy of picture spatial resolution scales,
comprising  



the steps of:       providing compressed video data representative of the
moving image for a base  spatial resolution scale, the data comprising
macroblock attributes common to the  hierarchy and associated base
resolution transform data;       providing additional data for at least one
higher spatial resolution scale, the  additional data including associated
higher resolution transform data;       wherein the transform data for each
spatial resolution scale in the hierarchy is used  to predictably generate
the higher resolution transform data for the next higher spatial
resolution scale in the hierarchy.   



27  5.   The method of claim 4 wherein the additional data for higher
spatial resolution  scales includes refinements of the macroblock
attributes at the base resolution scale.  6.   A method of producing a
compressed video data representation of a moving image,  the representation
including a hierarchy of picture quality scales at the same spatial
resolution, comprising the steps of:        providing compressed video data
representative of the moving image for a base  



picture quality scale, the data comprising macroblock attributes and
associated base  bitstream transform data; and,        providing additional
data for at least one higher picture quality scale, the additional  data
including refinement data to increase the precision of the transform data;
wherein the transform data for each picture quality scale in the hierarchy
is used to  predictably generate higher precision transform data for the
next picture quality scale in  the hierarchy.  7.   The method of claim 6
comprising the further steps of:        providing base data for a base
resolution scale, the base data comprising the  macroblock attributes and
associated base resolution transform data; 



8.   providing higher resolution scale data for at least one additional
higher resolution  scale, the higher resolution scale data including
refinements of the macroblock attributes  at the base resolution scale and
associated higher resolution transform data;        wherein the base
resolution transform data is used to predictably generate the  higher
resolution transform data.        The method of claim 6 wherein the
additional data for higher precision picture  quality scales includes
refines of the macroblock attributes at the base picture quality  scale.  9
A method of producing a compressed video data representation of a moving
image,  



the representation including a hierarchy of spatial resolution scales,
comprising the steps  of:
28       providing compressed video data representative of the moving image
for a base  spatial resolution scale, the compressed video data comprising
macroblock attributes  common to the hierarchy and associated base
resolution transform data; and,  



starting with the base spatial resolution scale, using the transform data
for each of  the spatial resolution scales to predictably generate higher
resolution transform data for a  next higher spatial resolution scale until
the transform data has been generated for each  spatial resolution scale in
the hierarchy.  10. A method of decoding a moving image at a target quality
level scale from  compressed video information containing data for a
hierarchy of quality level scales,  comprising the steps of:       (a)
decompressing macroblock attributes and transform coefficient data from a
base quality level scale;       (b)  decompressing refinements to the
macroblock attributes and additional 



transform coefficient data for the next higher quality level scale in the
hierarchy;       (c) repeating step (b) for progressively higher quality
resolution scales in the  hierarchy until the target quality resolution
scale is reached; and       (d) combining the transform coefficient data
which have been decompressed to  produce a transform representation of the
moving image.    


