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Abstract

In this work, we propose a novel scheme to minimize
drift in scalable wavel et based video coding, which gives
a balanced performance between compression efficiency
and quality. Our drift control mechanism maintains two
frame buffers in the encoder and decoder; one for the
base layer and the other for the enhancement layer. Drift
control is achieved by switching between these two
buffers for motion compensation and prediction. In the
encoder, the residues are coded using the embedded
zerotree wavelet (EZW) algorithm. Our prediction is
based on the enhancement layer, which inherently
introduces drift in the system, if part of the enhancement
layer is not available at the receiver. A measure of drift
is computed based on channel information, and a
threshold is set. When the measure exceeds the threshold,
i.e. when drift becomes significant, we switch the
prediction to be based on the base layer, which is always
available to the receiver.

The proposed coder determines the threshold and the
buffer switching instance based on given channel
conditions and the rate. Our coder offers high
compression efficiency and acceptable video quality for
different bit rate conditions. This proves that we need not
completely eliminate drift and decrease compression
efficiency to get better video quality.
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1. INTRODUCTION

The popularity of multimedia applications demands
support for different receivers that operate at different bit
rates, resolution and complexity. This mandates the need
for a scalable video coder with high compression
efficiency. Wavelet based image coding has the very best
coding efficiency and provides SNR scalability, besides
resolution scalability. This has kindled the minds of
many researches to explore the possbilities to use
wavelets in video coding. Initial research in this area had
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to face challenges like aliasing caused by decimation in
wavelet decomposition. This led to the use of over-
complete wavelet decomposition to overcome the
aliasing problem. Severa works have been recently
proposed for motion estimation and compensation in the
over-complete wavelet domain [1]-[3]. Using an
embedded coder [4] [5], the residues are compressed to
produce a bitstream.

The embedded bitstream can be partitioned into
layers. The base layer also includes the mation vectors.
One or more enhancement layers are used to achieve
further refinements to the base layer. Layered coding
together with error protection techniques, offers high
error resilience to channd induced errors.

Traditional coders base motion estimation/motion
compensation (ME/MC) on the base layer, thus ignoring
all enhancement layer information. This is done because
the enhancement layers are not aways available at the
receiver. Hence they lose in compression efficiency and a
loss of 0.5-1.5 dB for every layer [6] [7]. Basing ME/MC
on the enhancement layer introduces drift, defined as the
propagation of errors due to partial reception of
enhancement information. Drift when left unchecked
results in poor video quality. Base layer prediction using
enhancement layersin the prediction loop is of particular
importance because it offers very good compression
efficiency though it suffers from drift in a lossy network.
Fine granularity Scalability (FGS) coders are designed in
such a way it offers zero tolerance to drift [8]. Recent
work has shown that drift need not be completely
eliminated, but it can be controlled [6] [9] [10].

Ancther way to completely diminate drift is to use
three dimensional (3-D) subband coding methods [11].
ME/MC introduces a predictive feedback loop, which
hinders in achieving a high degree of scalability. Thisis
due to the fact that scalable coding introduces drift in the
predictive coders. In 3-D subband coding, a group of
frames is processed at a time and predictive feedback
loop is not required, thus eiminating drift. The encoder
and decoder must buffer the required number of frames
before they can apply wavelet transform. This introduces



a delay, which makes it unsuitable for real time video
applicationslike tele- conferencing.

Our work is an attempt to control drift in ME/MC
wavelet based video coders where enhancement layer
information is used to predict the base layer information.
The proposed coder eiminates the need to transmit an
intra frame at regular intervals to completely eliminate
drift. Section 2 explains our coder architecture and
Section 3 deals with the drift estimation and channel
modeling. In Section 4, we present the simulation results
for different bit rate conditions.

2. DRIFT CONTROLLED SCALABLE
VIDEO CODER

The proposed encoder is shown in Figure 1. The
previous frame is transformed in the over-complete
wavelet domain and the current frame is transformed
using discrete wavelet transform (DWT). Mation vectors

The encoder maintains two frame buffers: one for
base layer prediction and other for base plus
enhancement layer prediction. Without loss of generality,
we assume that the base layer is always available at the
decoder. Hence we will be using this base layer
information to control drift. Given the approximate
channel conditions and the rate, the encoder computes
measure of drift for enhancement (MDE). When MDE
exceeds an enhancement threshold (ET), the prediction is
switched to use base buffer information. It is to be noted
that the use of enhancement layer in the base layer
prediction introduces a drift in the base buffer. Thus the
quality of the base buffer will decrease with time.
However both the encoder and decoder have exactly the
same base layer buffer frames. Therefore, the base layer
buffer can be used to diminate drift.
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Fig.1. Proposed encoder

are estimated using the low band shift method [1]. The
prediction error is encoded using the embedded zerotree
wavelet coder (EZW) [4]. The bitstream is partitioned
into chunks of data such that there is one chunk per layer
per frame. A portion of the embedded bitstream that
contains the most significant information together with
the motion vectors forms the base layer. The remaining
bitstream is used to form one or more enhancement
layers. Our prediction is normally based on the
enhancement layer, which inherently introduces drift in
the system if part of the enhancement layer is not
received by the system.

IDWT- Inverse Discrete Wavelet Transform
En ... E1 — Enhancement layers
Mot. Comp — Motion Compensation

The drift in the base buffer is due to use of the
enhancement layer prediction information in the base
buffer motion compensation. The base buffer drift should
also be maintained below a base threshold (BT). Thisisa
precautionary measure to reduce the amount of bits
required to control drift in the enhancement layer. The
switching decisions are done in the drift control box
based on the threshold settings and measure of drift both
in base and enhancement buffers. The switching instance
is conveyed to the decoder as control information.

The decoder also maintains two buffers and a drift
control box. The prediction is based on ether the



enhancement or the base buffer. The drift control box in
the decoder examines the received information and does
the switching between the buffers at exactly the same
instance as in the encoder.

3. DRIFT ESTIMATION AND CHANNEL
MODELLING

In atypical video transmission scenario, the bit rate R
of the channe will not be constant during transmission,
but the approximate minimum Ry, and a maximum R
bit rate of the channel will be known. If the encoder is
optimized to perform over this range, RuinER £ Ry
the decoder can reconstruct the video with acceptable
quality. In [12] [13], different optimization criteria are
used to minimize distortion for channd rates. We
consider the following rate constraints for our channd:
Riese £ Riin 8Nd Ruaerenh £ Rmax Where Ruae 1S the base
layer bit rate and Rpaeer enn 1S the base plus enhancement
bit rate. Ryase IS chosen to be a constant satisfying the rate
criterion. Encoding is done at arate R, so asto produce a
base layer with rate Ry, and one or more enhancement
layers. At the decoder a fixed portion of the enhancement
layer istruncated to match the channd rate.

The encoder assumes all hits are received by the
decoder for given rate R and it computes the measure of
drift. The encoder calculates the mean square error for
base buffer, enhancement buffer, measure of drift for
base (MDB) and measure of drift for enhancement
(MDE) buffer cases. The switching between base and
enhancement buffers occurs when the following
conditions are met:

MDE > ET and MDB > BT (1)

If this switching is done very often or less frequently,
we need more bits to encode. If we choose a large BT,
the drift in the base layer will become significant and we
require more bits to maintain the quality for the
successive frames. If ET is small, then switching occurs
frequently and is also not desirable. Therefore setting the
threshold value is very important. Here, threshold ET and
BT are chosen based on simple heuristic methods.

4. EXPERIMENTAL RESULTS

A wavelet based video coder is implemented using
low band shift method [1] for our simulation purpose. A
Daubechies (9,7) filter with a three level decomposition
is used to compute wavelet coefficients. The mation
estimation is performed in the over complete domain
using block matching techniques. A 16 X16 block is
matched in a search window of [-16, 16]. The residues
are encoded using the EZW coder [4]. A frame rate of

30 frame/sec is maintained. Only one intra frame is used
in al the simulations. The base layer bit rate is set to 75
Kbps. The hitstream is encoded for a channel rate 500
Kbps for all cases and the same bitstream is used decode
at various bit rate conditions. We use “Foreman”,
“Susie€’ and “Carphon€’ video sequences to analyze the
performance of the proposed coder.

Two bitstreams are generated, one with the prediction
based on base layer (base bitstream) and the other in
which the prediction is based on the enhancement layer
(enhancement bit stream) for comparison studies. The
average PSNR of the received frames at different bit rate
isplotted in Figure 3 and 4. When the enhance bitstream
is decoded at a rate lower than the encoded rate, the
quality at the decoder drops drastically which is denoted
by the line ‘Drift’. The upper bound case denoted by
‘Enhancement’ line is obtained, when encoding and
decoding are done at the same rate and the prediction is
based on the enhancement layer. The decoding of the
base bitstream at different rates eliminates drift but the
quality islower by 2-2.5 dB when compared to the upper
bound case. With the proposed coder we get a
performance improvement over the base prediction case
of the order of 1.5 dB at higher bit rates. At low bit rates,
we get a marginal improvement of 0.1-0.15dB when
compared to the no drift base case. The switching
decision will have different effects on the performance,
for different sequences. Figure 5 shows the performance
of PSNR vs. frame number for “Carphone’ sequence
decoded at 300 Kbps. When there is no drift control, we
can see that the quality degrades with each successive
frame. Thisis because the reference frame at the decoder
is not exactly the same as in the encoder. With the
proposed buffer switching action, we control drift
without using an intra frame.

5. CONCLUSIONS

Drift problem in traditional motion compensated
predictive coders can be completely eiminated by using
the base layer prediction only as in FGS case. Also a
periodic introduction of intra frames will erase drift. But
in both the cases, we need more hits to diminate drift. In
wavelet based video coders using 3-D subband coding
methods, drift is diminated and it also achieves high
compression efficiency. But, the 3-D scheme has to
process a group of frames to take wavelet transforms, it
introduces unacceptable coding delays in transmission.
So we proposed a novel scheme that gives a performance
better than the traditional ME/MC coders and without
any delays in transmission. Our proposed coder controls
drift without significant loss in compression efficiency.
More sophisticated models can be created for the
proposed scheme and this will further help in increasing
the performance.
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