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Abstract

This proposal describes a flexible video compression architecture,
and non-interlaced video, which fucilitates scveral ty

is based on cxtensions to the MPEG-I algorithm an syntax in a manncr that minimizes
decoder complexity, and supports resolution and hit-stream scalabilitics, as well as the
picture-rate scalability alrcady inhcrent in the MPEG-1 algorithm. Becausc of the wide
scope of potential a{:plications of the MPIi(G-2 algorithm, this proposal emphasizes
flexibility m the number and nature of the scales present in a bit-strecam. [t includes the

casc of a single layer of high quality, which is fully compatible with MPEG-I syntax and
decoding procedures.

_suitable for interlaced
cs of scalability. The architecture

Abstract

|G| =D/



)
INTERNATIONAL ORGANIZATION FOR STANDARDIZATION
ORGANISATION INTERNATIONAL DE NORMALISATION
ISOAEC JTCI1SC2YWG 1T
CODED REPRESENTATION OF PICTURE AND AUDIO INFORMATION

ISO-H:C/I T;/I [SC2/WGILI N
MPEG I Z/2 , d1/2
November 8, l991} i

Title: A Proposal for MPEG-1 Coding with Scalable Extensions
Source: C. Gonzales and E. Viscito (IBM)



I8N Proposal Description .

1. INTRODUCTION

There are several conflicting requircments for the MPEG-2 video algorithm from the
diverse MPLEG-2 community. The main reason for these conflicts is the great varicty
of applications for which MPEG-2 is intended, all of which have diffcrent rcquirements
i terms  of compatibility, encoder and decoder  implementation complexity,
functionality, and image quality, among other things. We belicve that these conflicting
requirements cannot be satisficd by a single coding algorithm, but instead require a
fexible architecture of algorithms which can be matched to the requirements of the
specific application. A properly designed architecture will satisfy many of these con-
flicting requirements, while still prescrving a great deal of compatibility among the dif-
ferent manifestations of the architecture. We belicve, for example, that whereas different
encoder implementations may be needed for different applications, it should be possible
to implement a single decoding device which can decode all bit-streams that conform to
the flexible architecture. Such a gencric decoder should not be excessively complex.

This document describes a proposal for such an architecture. Because the MPEG-1 al-
gorithm [1, 2] operating at MPEG-2 bit-rates provides very good quality vidco, and
because of our desire to retain a degree of compatibility with MPEG-1, we have built the
architecture by extending the MPPEG-1 syntax and dccoding methodology. The cxten- |
sions permit the encoding of video that is scalable, By scalability, we mean the ability ‘
to have more than onc image resolution and/or quality level readily available in the bit-
stream. At its simplcst the architecture supports an MPEG-1 compatible, non-scalable,
bit-stream for progressive vidco. A slight extension, which is compatible with MPLG-1
syntax, permits the coding of non-scalable interlaced video. Finally, in its most devel-
oped manifestation, the architecture supports up to four bit-stream or resolution scales
in a manncr that rctains a great deal of commonality with MPEG-1 syntax and core
technology. A device capable of decoding any of the manifestations of the architecture
is just slightly more complex than an equivalent MPEG-1 decoder.

T A s ——— e p s e e w s -

2. ARCHITECTURE OPTIONS

2.1 NON-SCALABLE PROGRESSIVE VIDEO

In this case the bit-strcam is fully compatible with MPEG-1 syntax, semantics, and
decoding methodology.

2.2 NON-SCALABLE INTERLACED VIDEO

In this case the bit-strcam is fully compatible with MPEG-| syntax. There is, how- ‘
cver, a different interpretation for motion compensation vector information, Coding ‘
takes place by combining the two ficlds together as a single picture; however, motion
compcensation is field-bascd. Motion vectors that arc common to both fields are coded
using MPEG-1 syntax and coding tables. Thesc vectors are then scparately applicd to
both ficlds. Further, whercas the horizontal component of motion vectors can be coded
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Y‘lith 1/2 pixel resolution, as in MPEG-1, the vertical component is always coded with
Integer pixel resolution.  With this vertical component resblution, motion compensation
can also be implemented in the full picturc domain by’ simply doubling the vertical
components of the motion vectors, interpreting them as intcger pixel components, and

applying them to the full picture. Other than this, the decoding mcthodology is the same
as non-corc MPEG-I,

2.3 SCALABLE INTERLACED OR PROGRESSIVE VIDEO

We summarize our understanding of three different modalitics of scalability which are
desirable for the MPEG-2 algorithm:

I. Resolution Scaling: By this we refer to the ability to gencrate a bit-stream that can
be decoded at a multiplicity of spatial resolutions. This feature is desirable in some
applications where multiple video windows must be displayed in a full resolution
screen. It is also desirable bhecause it permits the implementation of decoders of
varying degrees of complexity, such that very simple decoders may be possible that
decode only the lower spatial resolutions.

2. Bit-stream Scaling: By this we rcfer to the ability to gencratce a bit-strcam in which
some coded bits can be disrcgarded and a usable image still results.  Bit-strcam
scalability is often associated with resolution scalability; however, we interpret it
differently here. By bit-stream scalability we mcan two or morc layers of compressed
data associated with a single spatial resolution. This is a uscful feature for graccful
degradation of the quality of dccompressed video when some of the compresscd
bit-strcam data arc corrupted by noise.

3. Rate Scaling: By this we refer to the ability of generating a bit-strcam that can be
playcd at a multiplicity of temporal resolutions. This feature is inhcrent to the
MPEG-1 algorithm, and therefore to the proposed architecture. By proper choice
of the MPEG-1 M-parameter, and by sclectively skipping over one or more of the
B-pictures, the MPEG-1 syntax permits decoding at a multiplicity of temporal re-
solutions. Thus rate sculing is not discussed any further in this document.

The architecture supports all of these types of scaling by extending the MPIEG-1 syntax
and decoding mcthods, while retaining a great degree of commonality with MPLG-1|
core technology. The architecture supports resolution and bit-stream scaling by hicrar-
chical coding of the 8x8 DCT componcnts in a manner that resembles progressive
spectral selection. We support up to four levels of resolution scales although, in princi-
ple, cight levels are possible with the 8x8 DCT. The lowest possiblc resolution is at-
tained by coding the cquivalent of the DC component of an 8x8 DCT block; this
resolution is 1/64 the original resolution. Next we support a resolution of 1/16 the ori-
ginal resolution by coding of the cquivalent of the upper lelt 2x2 cocflicients of the DCT
block. Coding of the cquivalent of the upper Icft 4x4 cocfficicnts leads to a resolution
of 1/4 the original resolution. Finally, coding of all 8x8 cocfYicients Icads to the full re-
solution vidco.
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The architecture is flexible: one or more of these resolution scalcs can be stacked up in
order of increasing resolution, such that the reconstructed cocflicients at one level of
resolution are used to predict the corresponding cocfTicichts at the next level of resol-
ution. Thus, transform coeflicients are coded difTerentially with respect to a prediction
from lower resolution coeflicients. Note that we support complete flexibility in the
choice of resolution scales. An encoder might choosc, for example, to generate a bit-
stream that only contains data for the full and the 1/16 resolution scales.

A fundamental characteristic of the architecture is that the identity of the MacroBlock
(MB) structure of MPLG-1 is preserved across all resolution scales. Figure | shows how
the MB identity is prescrved by scaling across four levels of resolution. It is important
to preserve this identity becausc a MB is associated with a serics of attributes which
contribute to the amount of overhead data incorporated in an MPLEG-1 compressed data
strcam.  [ixamples of these attributes are the MB address, type, and motion vectors.
By prescrving the MB identity across multiple levels of resolutions, all resolution levels
can sharc these attributcs, thus requiring their inclusion only once in the data stream,
Preserving the MB identity also significantly simplifics the derivation of motion esti-
mation vector data for all resolution scales other than the highest resolution. Lissentially
the motion vector data corresponding to any resolution scale can be derived from the
highest resolution motion vector data by appropriate scaling. For example, the x- and
y-motion-vector components at 1/4 resolution are 1/2 the corresponding full resolution
componcents. '

2.3.1 Implementation of resolution scaling

In MPEG-1 a MB is subdivided into six 8x8 blocks of luminance and chrominance
information, cach block being coded using the 8x8 Discrete Cosine Transform (DCT).
In our architecture, cach scaled MB is also divided into six blocks of luminance and
chrominance information, cach block also corresponding to a smaller DCT.  The
small-DCT cocflicients can be derived from the 8x8 full resolution coelTicients or, alter-
natively, they can be derived by dircct computation. Thus for the 1/4 resolution MB in
I'ig. 1, we could use a DCT of size 4x4. These alternatives, which are encoder options,

are discussed in more detail in scction S.

IFor decoding at a scaled resolution, however, we propose that a DCT of the appropriatc
size be used. 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” re-
solutions we support arc:

1DCT, = 1
L
IDCT;-TL _‘]

1.00 1.31 1.00 0.54
1.006  0.54 -1.00 -1.3)
1.00 -0.54 -1.00 1.31
1.60 -1.31 1.00 -9.54
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Both IDCT, and IDCT, are trivial transforms and should be cas
cven by "so!lwarc only” decoders. The IDCT, which gives
CCIR 601, is not trivial but it is stili relatively simple.

Y to implement, perhaps
SIV resolution from an 8x8

2.3.2 Implementation of hit-stream scaling

The lower resolution DCTs of the previous scction can be interpreted as a subset of
8x8 DCT coeflicients. Thus full resolution images of lower quality can be reconstructed
by applying the inverse 8x8 DCT to the cocflicient data of less than (ull resolution scales.

There is an alternative, however, for implementing bit-stream scalability which is fully
supported by the syntax of the architecture we describe here. By specifying multiple
layers at the same resolution level, but with progressively fincr quantization factors;
these layers would represent video of the same spatial resolution, but of increasing
quality.

3. DESCRIPTION OF MPEG-1 EXTENSIONS

3.1 MULTIPLEXING OF SCALING LAYERS

We multiplex data for the various scales at the level of the slice layer. A slice, in this
casc, is always a row of 44 macroblocks. To facilitate demultiplexing and decading at
the various resolution scales, data from the various scales is scparated by byte aligned
start codes. We define a macroslice layer to replace the normal slice layer of MPIIG-1

[1]. The macroslice layer is defined as follows:

macros lice() {
slice()
do {
slave_slice()
} white (nextbits()==slave_slice_start_code)

The slice layer is as in MPEG-1, except that the imbedded macroblocks contain coefTi-
cicnt data for the lowest resolution scale only. The resolution of this lowest scale is
passed as extra_information_slice, with a valuc of |, 2, 4, or 8 for the Ix1, 2x2, 4x4, and
8x8 DCT sizes, respectively. The default, when no extra_information_slice is prescnt, is
a non-scalable 8x8 slice layer. DCT cocflicients of the imbedded macroblocks are coded
in the zig-zag order of the corresponding DCT size.

The slave_slices contain DCT cocflicient data only for the blocks in the slice layer
marked to contain data as specificd by the coded block pattern (blocks in intra macro-
blocks arc always assumed marked.) ‘T'he slave_slice layer is defined as follows:
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slave_slice() {

slave_slice_start_code /* 32 bits */
slave_slice_vertical_position /* 8 bits */
quantizer_delta /* S bits */
dct_size /* 5 bits */

for (s=0; s<slice_size; s++) (
for (i=0; i<6; i++) {
if (pattern_code[s]li]) (
while (more_coefs) {
while (nextbits() |= eob_code) {

iIf (lower_scale) (
dct_coef_differential

) else {
next_dct_coef

)
}
)
)
)

next_start_code()

)

The following terms are additional to those of [1]:

slave_slice_start_code: the X'000001B0 is used.

slave_slice_vertical_position: thc samec vertical position of the corresponding
slicc_layer,

quantizer_delta: spccifics a dclta that should be added to all macroblocks’
quantizer_scale factors in thc lowest layer, in order to arrive to the appropriate
quantizer scaling factor of the slave_slice macroblock.

dct_size: 2, 4, or 8.

slice_size: the total number of macroblocks in the slice layer.

” o

pattern_code(s)(i): the index “s” has been added to the normal definition of
pattern_codc in MPEG-1, to identify a specific macroblock in the slice layer.

more_coefs: more_coc(s is true if we have not rcached the last cocfficient in the block
of DCT coeflicients. Ior the 8x8 slave_slice, more_coefs is always truc.

eob_code An end_of_block Iluffman codc that depends on the specific resolution
scale.

lower_scale: is true if the DCT coeflicient is predicted from the next lower resolution
scale.

dct_coef_differential: DCT prediction diflerence coded by runfamplitude or run/size
VLC.

next_dct_coef: DCT coefTicient coded by run/amplitude or run/size VLC.

3.2 QUANTIZATION OF RESOLUTION AND BIT-STREAM SCALES

Except for fixed scaling factors, we proposc to use the same quantization matrices for

all resolution scales. If the DCT data for the various resolution scales is derived from
the full resolution 8x8 DCT, then quantization is just as with MPEG-1. On the other
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hand if these data are derived from DCT implementations of smaller sizes, then the ap-

propriate cl.cmcnts of the full resolution quantizer matrices, Q8, should be scaled. The
correct scaling factors are as follows: '

Quantizer DCT Factor
Q! 1x1 1/8 Q8
Q2 2x2 1/4 Q8
Q4 bxly 1/2 Q8

At less than full resolution, the precision of the quantization proccss will not affect
dccodability of a bitstrcam. Neverthcless, we recommend that small-DCT cocfMicients

be quantized by first scaling them up by the appropriate factor and then quantizing them
using Q8.

On the other hand, the precision and process of dequantization at less than full resol-
ution needs to be clearly specificd. The method we have implemented is as follows:

* Decquantize using MPEG-1 rules and the full resolution quantizer matrix Q8

¢ Inverse transform with an IDCT of the appropriate size that incorporates a scale
down of the results. In other words, il we cxpress a two dimensional inverse-DCT
in matrix notation by using the Kronecker product, ®, by

IDCTIN x N) = (IDCTy @ IDCT)y)
then we propose to use the following "unnormalized”, IDCT#* dcfinitions:

IDCTH(1 x 1) = (IDCT, ® IDCT,)/8
IDCTM2 x 2) = (IDCT, ® IDCT,)/4
IDCT"A x Q) = (IDCT, ® IDCT)[2

There are obviously other equivalent ways of implementing dequantization.

3.3 HIERARCHICAL PREDICTION OF RESOLUTION AND BIT-STREAM
SCALES

DCT coeflicients in a low resolution layer are used to predict the corresponding cocf-
ficicnts in the next (higher) resolution layer. An example is shown in Figurc 2 where a
hicrarchy of 4 resolution layers is shown. The prediction algorithm, at this point, is a
simple one-to-one mapping of the properly scaled cocllicients. FFurther details are given
in scctions 4 and S.

Bit-stream laycrs of the same resolution are predicted by one-to-one mapping of corre-
sponding cocfTicients.

3.4 VLC CODING OF RESOLUTION SCALES

If a Ix1 layer is present, intra cocfficients are coded with the dc-VLCs of MPEG-I.
Non-intra cocflicients arc coded with another VLC similar to MPEG-1’s dc-VLCs (sce

Annex.) Note that no cob_code is nccded in this case.
|
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Il a 2x2 laycr is present, we distinguish between two cases. I the layer follows a 1x1
layer, cocflicients arc coded in all cases by using a JPEG-like VLC of run/sizes [4],
where the maximum run is 3 and the maximum logarithmic size is 8 (see Anncx.) If the
2x2 layer is the first resolution layer, intra DC coclTicicnts are treated as in MPLG-1, the
rest of cocflicients are coded with the same JPLG-like VLC.

I a 4x4 layer is present, we distinguish between two cases. I the layer follows a lower
resolution layer, coeflicients arc coded in all cascs by using a JPLEG-like VL.C of
run/sizes, where the maximum run is 15 and the maximum logarithmic size is 8 (sce
Anncx.) If the 4x4 layer is the first resolution layer, intra DC coeflicients are treated
as in MPEG-1, the rest of cocflicients are coded with the same JPEG-like VLLC.

Vinally, if an 8x8 layer follows a lower resolution layer, cocflicicnts are coded in all cascs
(intra macroblocks included) by using the standard MIPEG-1 tables 2-B.5¢-g, without the
spectal-casc treatment of the first runfamplitude event.

3.5 PROVISIONS FOR RESOLUTION AND BIT-STREAM SCALE RATE CON-
TROL

The slave_slice layer specification includes the quantizer_dclta parameter. This delta
is always specificd with reference to the corresponding quantizer scale factor used in the
slicc layer. The delta is added to the corresponding quantizer_scale in the slice_layer, in
order to produce a quantizer_scale factor appropriate to the corresponding slave_slice
MB.

4. DECODER IMPLEMENTATIONS

4.1 NON-SCALABLE PROGRESSIVE/INTERLACED VIDEO AT CCIR 601 RE-
SOLUTION

The decoder is essentially an MPEG-1 decoder used at CCIR 601 resolution. A minor
difference relates to the interpretation of the vertical component of motion compen-
sation vectors for interlaced video as explained in scction 2.2.

As with MPIiG-1, the vertical chrominance resolution is half the luminance resolution.
We obtain CCIR 601 resolution by simply line replicating the chrominance data.

4.2 SCALABLE PROGRESSIVE/INTERLACED VIDEO

We stress that we favor a flexiblc architecture. [lowever, for the purposcs of illus-
tration we describe here a three layer decoder that we will demonstrate at the Kurihama
meeting. ‘The decoder, which is shown in IFigure 3a, supports 2x2 (low), 4x4 (medium),
and 8x8 (high) resolution scalcs. Decoders supporting only one target rcsolution scale
can be implemented by climinating the boxes in Figure 3a that are not nceded to achicve
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this target. 'Aﬂcr demultiplexing and entropy decoding, there will be for cvery 8x8 block
cqrrcsponc!lf\g 2x2 and 4x4 blocks, all of which are necessary to build the final 8x8 ma-'
trix of DCT cocflicicnts. The low resolution 2x2 blocks dre used as a prediction to the
four lowest order cocflicients of their corresponding 4x4 blocks. Similarly, the 4x4

blocks arc used as prediction to the 16 lowest order cocflicients of their corresponding
8x8 blocks.

Note that the DCT cocflicicnts arc only dequantized by the corresponding quantizer
scale_factor as we rcbuild the target matrix of coefficicnts (sce scction 3.5.)
Dequantization by the corresponding quantization matrix is only needed once we reach
the target resolution.  This simplifying feature is possible because we use a common
quantization matrix as described in section 3.2.

In summary to rebuild the 8x8 DCT cocflicients, we take the following stcps:
I.  multiply the quantized 2x2 cocflicients by gp,

2. multiply the quantized 4x4 cocflicicnts by gp.. Where appropriate, add the cocfli-
cients of the previous step

3. multiply the quantized 8x8 cocflicicnts by gp.  Where appropriate, add the cocfli-
cients of the previous step

4. dcquantize the 8x8 coceflicients using the appropriate quantization matrix

The final 8x8 matrix of cocllicicnts can now be uscd to reconstruct the full resolution
picture using MPLEG-1 techniques, including motion compensated prediction. In this
regard, the 16x16 MCP unit in Figure 3a, represents a gencric MPLG-1 Motion Com-
pensation Prediction unit.

Notc that similar MCP units at other resolutions share the samec motion vector data,
MYV, to gencrate motion compensated predictions for the scalecd MBs at the various re-
solution scales. A decoder operating at a lower than 8x8 resolution would only rebuild
the DCT coeflicients up to the required level, it would then apply the same MPLEG-1
tcchniques referred to above. Of special note is that when using motion compensation
techniques, the full resolution motion vector should be scaled appropriately to match the
decoder resolution.

A full resolution decoder, which receives partially corrupted data, can still produce a
degraded reconstruction by utilizing the uncorrupted DCT laycrs as long as the lowest
resolution DCT layer--which contains the MB attributcs--is not corrupted. I the lowest
layer is corrupted, other conccalment technigues arc required.

An alternative implementation for bit-stream scalability is shown in I'igure 3b. Only 8x8
IDCTs arc used here and the various layers arc representative of data at increasing levels
of amplitude resolution.
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5. ENCODER IMPLEMENTATIONS

5.1 NON-SCALABLE PROGRESSIVE/INTERLACED 1’IDEO AT CCIR 601 RE-
SOLUTION

The encoder is cssentially an MPIG-1 encoder used at CCIR 601 resolution. A minor
dilference relates to the generation of the vertical component of motion compensation
vectors for interlaced video as explained in section 2.2.

As with MPIEG-1, the vertical chrominance resolution is half the luminance resolution.
We have averaged the chrominance data in the two ficlds of the CCIR 601 data,

5.2 SCALABLE PROGRESSIVE/INTERLACED VIDEO

There are many possible implementations of encoders compatible with the decoders
described above.  We anly describe encoders for resolution scaling here. The general
structure of a three resolution layer cncoder is shown in Figure 4. We divide the encoder
into three parts. ‘The first part is a transform unit which takes the digital video input
and outputs partially quantized DCT data for the three resolution layers: d(8x8), d(4x4),
and d(2x2). The sccond part is a hicrarchical prediction unit which takes the transform
unit’s DCT output, and outputs quantized differential DCT data at all resolution layers.
This output is multiplexcd and entropy coded in the third unit to generate the final
compresscd video. The prediction unit also generates partially 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 codccs.

I'igure 5a shows a simple implcmentation of the transform unit. In this implementation
the 8x8 layer contains all the elements nceded for an MPEG-1 encoder. We derive the
2x2 and 4x4 coclficients by simply extracting them from the corresponding 8x8 coefTi-
cicnts. Obviously one could gencralize this version of the transform unit by deriving the
2x2 and 4x4 cocflicicnts through a reduction formula or a weighting of 8x8 coefTicients.

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 re-
solution scales. ‘The crror, however will be naturally reset back to zero whenever a new
Group of Pictures stirts.  Whercas the quality of the lower resolution layers will be
limited by this accamulation of errors, the simplicity of the encoder makes this approach
attractive. In particular, if what is rcquired is only bit-stream scalability, this approach
is all that is nceded.  Simulation results will be shown at Kurihama.

Another implementation of the transform unit is shown in Figure 5b. At a cost of in-
creased complexity, this version would generally produce better quality low-resolution
pictures than thoso from the unit in Figure Sa. Iissentially, every resolution layer is a
sell-contained motion compensated loop taking its input from an appropriately
decimated version of the original videco. The I/ and I{; boxes perform the decimation

—-__—'-——————“_
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function on the input video. Because there is a fecdback loop at every resolution scale
coding errors will not accumulate more than one picture period. Note, however, that thc'
results of motion estimation can be shared by all resolutibn loops since motion vectors
are one of the attributes shared by MBs at all scales. This implementation may be more
appropriate for applications where the quality of the low resolution vidco is important.

Regardless of which transform unit is implemented, there are at least two possiblc im-
plementations for the prediction unit. Iigure 6a shows one of them. In this implemen-
tation the differential DCT cocfMicicnts arc generated, followed by quantization by the
appropriate quantizer_scale factors. The front end of the decoder of figurc 3 is then
replicated to gencrate the DCT data fed back to the transform unit. Iigure 6b shows
another implementation, which should result in somewhat lower quantization noise,

6. ADDITIONAL FEATURES AND PERFORMANCES

6.1 COMPATIBILITY WITH MPEG-1
The system we propose is in all cases upward and forward compatible with MPEG-1.

It is also downward compatible with non MPEG-1 decoders which could, nevertheless,
be considered part of the DCT standards family.

6.2 RANDOM ACCESS

The size of the Group of Pictures for all the test and demonstration material we pre-
pared is 12. The maximum random access time is then about 2/5 sccond.

6.3 CODING/DECODING DELAY

The coding/decoding delay for all the material we prepared for Kurihama is less than
150 ms. We used the VBY criteria of MPEG-1 with the following bufTer sizes:

e 4 Mbit/s: 589824 bits
¢ 9 Mbit/s: 1359872 bits

6.4 FAST FORWARD/REVERSE

Achieved by accessing the intrapicture in a GOP.

7. FUTURE EXPERIMENTS

The codcc described here can be modified in many ways.

. Arithmetic coding could be uscd instcad of fixed VLCs. This method results in
compression improvements in the MPEG-1 algorithm of the order of 8-17%. Fur-

10
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thermore, it also reduces the table storage requirements. A relevant reprint is being
contributed scparately to this mecting [5].

2. Genceric quantization matrices could be added for each resolution scale. Such ma-
trices would be inserted in the scquence layer.  This would generally result in in-
crcascd complexity for decoders and encoders.

3. A 16x16 resolution scale could be added for even higher resolutions.

4. Morc sophisticated predictions could be incorporated when rebuilding higher resol-
ution layers.

5. For better rate control, the quantizer_scale factor for cach resolution scale could be
generated by a proportional factor instead of a delta.

6. Motion vectors can be coded hierarchically (at the present time we transmit the full
resolution vectors together with the lowest hicrarchical scale.)
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