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ABSTRACT

A new method is proposed for efficient SNR scalability
in predictive video coding. It is of low complexity, and
it is applicable to standard DCT-based video compres-
sion with motion compensation. Information that is
only available to the enhancement layers is exploited to
improve the quality of their frame prediction without
compromising the usefulness of the compressed data
provided by the base layer(s). More specifically, the
next frame prediction for use by an enhancement-layer
decoder 1s obtained by combining, or switching between
transform coefficients from: i) the reconstructed base-
layer frame; and ii) the predicted enhancement-layer
frame. The combining rule depends on the compressed
residual of the base layer, and on the parameters used
for this compression. The method 1s applied to stan-
dard DCT-based predictive video coding, and prelimi-
nary simulation shows consistent, substantial improve-
ment in the performance of enhancement layers. The
proposed method may be easily combined with known
temporal scalability methods to provide further im-
provement of the performance of enhancement layers
over a wide range of bit rates.

1. INTRODUCTION

Scalable signal compression algorithms are a major re-
quirement of the rapidly evolving global network which
involves a variety of channels with widely differing ca-
pacities, and even more so due to the recent trend to-
ward incremental capacity and bandwidth reservation
channels. Many applications require data to be simul-
taneously decodable at a variety of rates. Examples
include applications such as multicast in a heteroge-
nous network, where the channels dictate the feasible
bit rates for each user. Similarly it is motivated by the
co-existence of receivers of differing complexity (and
cost). A compression technique is scalable! if it offers

1Tn this work we are concerned with SNR scalability. The
term “scalable” should be understood as “SNR scalable” unless
otherwise stated.

a variety of decoding rates using the same basic algo-
rithm, and where the lower rate information streams
are embedded within the higher rate bit-streams in a
manner that minimizes redundancy.

There are two main approaches to scalable video
compression: (i) three dimensional coding, and (ii) pre-
dictive coding. Three dimensional coding schemes [1]
buffer up a set of consecutive video frames and ap-
ply a 3-D transform (or subband decomposition) to
decorrelate the pixels. The resulting coefficients are
encoded by a hierarchical quantization strategy which
provides a scalable bit-stream. However, three dimen-
sional schemes suffer from two major drawbacks: (i)
buffering multiple frames causes a substantial delay and
requires much memory, and (ii) motion compensation
is not incorporated in this framework and the compres-
sion efficiency is compromised.

Predictive coders have low delay and small mem-
ory requirements and allow straightforward incorpora-
tion of motion compensation. Thus, standards such
as H.26x and MPEG use DCT-based predictive com-
pression. But there is a well-known, important perfor-
mance penalty for incorporating scalability in a predic-
tive coding framework. The main difficulty is how to
improve the enhancement layer prediction of the cur-
rent frame by using the additional previous frame in-
formation which is only available to the enhancement
layer, without undermining the usefulness of the cur-
rent frame information sent for the base layer. We pro-
pose a novel method of generating the enhancement
layer current frame prediction by efficiently combining
transform domain coefficients from: (i) motion com-
pensated, previous enhancement layer reconstruction ,
and (ii) current base-layer reconstruction.

The organization of this paper is as follows: We
summarize conventional approaches to scalable predic-
tive compression of video in section 2. The new switched
prediction approach 1s described in section 3. Section
4 presents preliminary simulation results on video se-
quences which demonstrate the feasibility and potential
of our approach.
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Figure 1: A simplified sketch of a two-layer scalable predictive coding system. The predictors are included to show
the relation of the next frame prediction to the reconstructed current frame. In fact, they are implemented within

the encoders and the decoders.

2. CONVENTIONAL SCALABLE
PREDICTIVE VIDEO CODING

To appreciate the fundamental difficulties in conven-
tional predictive coding, let us consider Figure 1 which
depicts a two-layer scalable coder. The input frame
z(n) is compressed by the base encoder (BE) which pro-
duces the base bit-stream. The enhancement encoder
(EE) has access to the input frame and to any infor-
mation produced by, or available to BE. It uses all this
to generate the enhancement bit-stream. A base de-
coder (BD) receives the base bit-stream and produces
a reconstruction Z(n), while the enhancement decoder
(ED) has access to both bit-streams and produces an
enhanced reconstruction #.(n). The base and enhance-
ment reconstructed frames are motion compensated to
form #mi(n) and Zme(n), respectively. The motion
compensated frames are used to generate a prediction
for the next frame: Z3(n + 1) or Z.(n + 1). Note that
while BE, EE and ED can compute both predictions,
BD can only produce Zy(n + 1).

The prediction loop poses severe difficulties on the
design of scalable coding. There are several well known
approaches to scalable predictive coding, depending on
how this prediction is handled at the base and enhance-
ment layers.

2.1. Approaches with “drift”

This class of approaches (A) allows a decoder to use
a prediction different from the one used by the cor-
responding encoder. FEach decoder employs the best
available prediction. Hence, BD uses the prediction

Zy(n + 1), while ED which has access to the enhance-
ment bit stream uses the prediction Z.(n+ 1). On the
other hand, both the encoders, BE and EE, use the
same prediction. In this case, “drift” is unavoidable.
The term “drift” refers to a form of mismatch where
the decoder uses a different prediction than the one as-
sumed by the encoder. This mismatch tends to grow
as the “corrections” provided by the encoder are mis-
guiding, and hence, the decoder “drifts away” (similar
to the use of open-loop prediction). At the encoder
a choice must be made: If the encoder uses the base
layer prediction, Z3(n + 1), then there is drift of the
enhancement decoder. Use of the enhancement layer
prediction, &.(n + 1), at the encoder results in drift of
the base decoder. See [2] for more about this approach
and 1ts shortcomings.

2.2. Approaches without “drift”

A second class of approaches (B) constrain each en-
coder/decoder pair to use the same prediction. There-
fore BE and BD must use the base prediction #3(n+1),
while EE and ED may use the enhanced prediction
Ze(n+1). Thus the encoder and decoder are always in
step and the “drift” is eliminated.

The base-layer prediction #3(n + 1) is easily ob-
tained as the motion compensated previous base-layer
reconstruction Zmp(n). BE compresses the residual
rp(n) = x(n) — 3(n) and produces #3(n). BD produces
the reconstruction Z3(n) = #p(n) + #4(n).

However, an efficient way to generate the enhance-

ment layer prediction #.(n+1) is a more difficult prob-
lem. The two main methods used in practice to produce



Z.(n+1) are:

B1: Use the base-layer reconstruction of the next
frame as the prediction, Z.(n + 1) = Z3(n + 1). Thus,
EE, in effect, compresses the base-layer’s reconstruc-
tion error of the next frame z(n 4+ 1) — Z(n + 1) =
z(n+ 1) —&(n+ 1) — fp(n+1). See, e.g., [3] for fur-
ther details. While this method takes advantage of the
base-layer compressed residual, it suffers from an obvi-
ous shortcoming: No advantage is taken of the superior
quality motion compensated reconstruction of the cur-
rent frame &p,.(n) which is available to ED.

B2: Generate enhancement-layer prediction from
the enhancement-layer reconstruction of previous frame
after motion compensation, #.(n + 1) = Zp.(n). Note
that here EE does not exploit the knowledge of #;(n+1)
which is available to the enhancement layer. The rea-
son 1s that due to the use of different prediction in
the layers, the residuals are not necessarily correlated,
and hence, the usefulness of the compressed base-layer
residual to the enhancement-layer is largely compro-
mised. The two layers are, in fact, separately encoded
except for savings on unrepeated overhead information
(such as motion vectors) [4].

In this paper we propose ways to exploit informa-
tion available only to the enhancement layer, while tak-
ing full advantage of the base-layer reconstructed resid-
ual.

3. THE SWITCHED PREDICTION
APPROACH

The objective is to upgrade the next frame prediction
of the enhancement layer as much as possible by ju-
diciously using information from #p.(n), with mini-
mal conflict with the base-layer reconstructed frame
23(n + 1), whose information may be largely exploited
by the enhancement-layer. EE computes a new pre-
dicted frame by combining transform coefficients from
2p(n + 1) and from Zm,e(n), as depicted in Figure 2.
The combining rule may depend on the reconstructed
residual, 73(n + 1), and compression parameters of the
base-layer (such as quantization step and threshold).
The exact definition of the combination rule depends on
the level of complexity allowed for the module. In this
section we describe a low complexity option which con-
sists of switching between transform coefficients from
the two sources.

A major feature of DCT-based video coding is that
the residual is quantized in the transform domain, where
a large number of coefficients are typically quantized
to zero (thresholded). The information on the po-

sitions of thresholded coefficients in the compressed
base-layer residual (where #3(n + 1) = 0), is avail-
able to the enhancement-layer. At these positions, the
transform coefficient of the base-layer reconstruction,
zy(n 4+ 1) = Zmp(n). However, we know that Zpe(n)
is typically a better estimate than #,3(n). We can,
therefore, improve the prediction at these positions by
substituting Z3(n+1) with Z,,.(n).The switching rule is
summarized as follows: If the reconstructed base resid-
ual #p(n + 1) is zero in this position, select the coef-
ficient from Zme(n). FElse, select the coefficient from
i‘b(n =+ 1)

This switching rule provides an improved prediction
to the enhancement layer without sacrificing any infor-
mation available from the base-layer residual. No con-
flict with the base-layer reconstructed residual is possi-
ble because base-layer prediction is used wherever the
reconstructed residual does not vanish. On the other
hand, wherever the base-layer residual is quantized to
zero, we can only gain by using the enhancement-layer
coefficient.

This simple basic idea provides substantial gains
over the known approaches to SNR scalability. Rather
than discard the additional information available to the
enhancement decoder, we judiciously exploit it wher-
ever 1t does not interfere with the data provided through
the compressed residual of the base-layer. It is easy to
see that the proposed approach captures the advan-
tages of both methods B1 and B2. Preliminary simula-
tion results in the section 4 demonstrate the potential
for gains from this approach.

The approach can be easily extended to more than
two layers. The prediction at any layer is obtained
by switching between the transform coefficients of the
(motion compensated) previous frame reconstruction of
that layer and the current reconstructed frame of the
layer immediately below it. The gains in performance
increase with the number of layers due to improved
prediction at every layer.

4. SIMULATION RESULTS

We applied the proposed technique to scalable com-
pression of a benchmark video sequence at various bit
rates. The results are compared to those obtained by
existing methods (B1) [3] and (B2) which was extracted
from [4] (without the elements irrelevant to SNR scala-
bility). The PSNR results are given in Table 1. These
preliminary results are for two layer scalable coding and
for various enhancement/base rate ratios. One should
expect Bl to outperform B2 at low rate ratios, and the
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Figure 2: The improved enhancement-layer prediction is obtained by combining information from both layers. The
combining rule depends on the reconstructed base residual and the compression parameters.

Rate Conventional | Switched
(in Kbps) Bl | B2 | Prediction
64 30.66 | 30.47 31.44
128 32.46 | 33.99 34.61
256 35.22 | 37.84 38.27
512 39.17 | 42.09 42.49

Table 1: Performance of different predictive scalable
coding techniques on the sequence Carphone. The en-
tries provide the average PSNR of reconstructed en-
hancement layer frames (in dB) for different enhance-
ment layer rates. The base layer rate was fized at 32
Kbps for all cases and the corresponding base layer

PSNR was 29.62 dB (for all methods).

opposite at high ratios (where the enhancement layer
had much higher rate than the base layer). This is
because at high ratios, the loss incurred by B2 for ne-
glecting the base layer information becomes negligible.

However, the main observation is that the new scal-
able method outperforms both competitors at all ra-
tios, and the gains vary from 0.4 dB to 3.4 dB in aver-
age PSNR of the reconstructed frames. The gains over
the conventional approaches are expected to grow when
scalability over a sequence of layers is implemented.
Unfortunately, these results are not yet ready at the
time of submission.

5. EXTENSIONS AND FUTURE WORK

Returning to Figure 2, we re-emphasize that it is pos-
sible to use more sophisticated combination rules than
the simple switching rule we described above. In par-
ticular, a linear prediction of the current enhancement
layer frame can be obtained from the current base layer

reconstruction and the previous enhancement layer mo-
tion compensated reconstruction, given the compressed
residual and the compression parameters. Such an ex-
tension increases the complexity, though it seems easily
manageable, and allows us to soften the previous rule.
We no longer restrict ourselves not to compromise the
usefulness of the reconstructed residual, but instead we
trade gains from enhancement layer prediction for gains
from the base layer compressed residual, in an optimal
way. This direction is currently under investigation,
and we expect to publish performance results in a fu-
ture paper.
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