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ABSTRACT

It has been asserted that temporal subband coding (TSB)
is inferior to predictive coding for regionally motion com-
pensated (e.g. block-based MC) temporally scalable com-
pressed video [1]. There are two major disadvantages of
TSB coding: temporal �ltering distortions, and `open-loop'
predictive coding of covered and uncovered regions. The
`open-loop' structure of TSB coding, however, a�ords two
major advantages not enjoyed by MCP coding: simple opti-
mal bit-allocation, non-existence of quantization error feed-
back. A new adaptive temporal subband (TSB) motion
compensated predictive (MCP) coder is proposed. Hierar-
chical variable-sized block-matched regions with low predic-
tive error are TSB coded, while poorly predicted regions are
`open-loop' MCP coded. Simulation results demonstrate
that the adaptive coder substantially improves the temporal
scalability of TSB coding, retains an advantageous `open-
loop' structure and provides comparable or superior PSNR
to both MCP and TSB coding at MPEG-1 quality bitrates.

Indexing terms: video compression, motion compen-
sation, temporal subband coding, scalable

1. INTRODUCTION

Multimedia communications methods designed for shared
and distributed systems must be scalable. To robustly
support many simultaneous independent video conferences
and video retrieval sessions, scalable video compression is
required. Scalable video compression permits extraction
of coded video sequences at varying rates from one sin-
gle compressed video-data bitstream, enabling variable net-
work rate-control mechanisms. Two techniques exist for
interframe coding for temporally scalable (variable frame
rate) video: motion compensated predictive (MCP) coding,
and temporal subband (TSB) coding [2], [3].

`Closed loop' predictive coding and subband coding have
similar theoretical coding gains [4]. However, theory ne-
glects the presence of quantization error feedback in a `closed
loop' coder, leading to reduced low-rate prediction e�ciency,
as well as the practical di�culty of calculating `closed loop'
optimal bit allocation. Despite this proviso, `closed loop'
MCP coders are still preferred to the `open loop', which
su�ers from predictor divergence. Seemingly, subband cod-
ing may o�er superior performance, as it does not su�er
from predictor ine�ciency. Indeed, subband and transform
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Figure 2: MC Temporal Analysis for TSB and TSB-MCP

coding have been very successful for spatial coding. How-
ever, TSB coding su�ers from two disadvantages: temporal
�ltering distortions, and `open-loop' coding of covered and
uncovered regions if regional motion compensation is em-
ployed (`Unlinked' regions in Figure 1 and `inserted' and
`open-loop' pixels in Figure 2).

For 2-tap Haar �lter TSB coding, both MCP and TSB
coding relate video frames in a similar fashion. However,
while MCP coding transforms two related frames into one
original (reference) frame and a second prediction error
frame, 2-tap TSB coding produces a high frequency (Fig-
ure 1's `Di�erence') and a low frequency frame (Figure 1's
`Sum') each containing components of the original two video
frames. A `telescoping' structure is a popular framework
for relating frames of a video sequence to achieve temporal
scalability at half, quarter, and sixteenth rates.

Lossless temporal scalability is not achievable with a
TSB structure. To reduce the temporal rate high frequency
frames must be dropped; however, in contrast to telescoping
MCP, this may not be done without reducing the PSNR of
the frames which are to be retained.

Adaptive TSB-MCP coding is motivated by the fol-
lowing rationale: temporal distortions may be reduced by
`open-loop' MCP coding regions with high prediction er-
ror, and coding gain is improved by utilizing TSB for other
regions.

In this paper we demonstrate that an adaptive TSB-



Table 1: PSNR Comparison of HVSBM temporally scalable hybrid TSB-MCP with TSB and MCP for test
video sequences at 1.2 Mbps at full, half (Y@.5) , and quarter (Y@.25) temporal rates.

Video YUV rsMR adaptive adaptive open-loop
Sequence band MCP MCP TSB TSB-MCP MR TSB-MCP MCP

Flower Y 26.11 26.47 26.68 26.55 26.70 26.25
Garden combo 1 26.62 26.97 27.16 27.04 27.26 26.79

Y @.5 26.83 27.12 27.06 27.49 27.64
Y @.25 26.73 27.94 27.36 27.96 28.03

Table Y 32.18 32.90 32.68 32.72 32.95 32.39
Tennis combo 32.70 33.39 33.19 33.24 33.46 32.89

Y @.5 32.94 33.57 32.26 32.89 33.39
Y @.25 33.68 34.24 32.53 33.08 33.57

Football Y 27.70 28.54 27.82 27.81 28.13 28.10
combo 28.73 29.07 28.37 28.37 28.72 28.69
Y @.5 28.99 29.64 27.61 28.63 29.19
Y @.25 30.42 30.90 28.11 29.37 29.90

Mobile Y 25.49 25.66 25.68 25.61 25.55 25.83
Calendar combo 25.87 26.03 26.17 26.10 26.09 26.23

Y @.5 26.08 26.23 26.15 26.54 26.52
Y @.25 26.52 26.63 26.29 26.74 26.74
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Figure 3: Expanded Scope of Applications of Adaptive
MCP-TSB

MCP video coder is capable of producing a compressed
video stream that is `practically' scalable. That is, adaptive
subband-predictive error frames may be dropped from the
compressed video stream without signi�cantly a�ecting the
PSNR or visual quality of the reconstructed sub-rate video
sequence. Most importantly, the adaptive framework pro-
vides competitive performance to `closed-loop' MCP alone,
while retaining the major advantage of TSB coding { simple
optimal bit-allocation. As the Venn diagram in Figure 3 il-
lustrates, applications requiring temporal scalability (such
as videoconferencing) that are not feasible with 3D-SBC
will be practical with an adaptive hybrid structure that im-
proves scalability.

2. TEMPORAL SCALABILITY

In the following, input frames have Gaussian distribution
with variance �2 and the variances of temporal subbands
are �2SBk

, k = 0; : : : ; K�1. The coding gain for TSB coding
over intraframe coding for full-framerate is well-known as

GTSB=intra =
�2�QK�1

k=0
�2k
� 1

K

:

1Combo denotes the weighted average PSNR of all image
YUV color bands.

A similar coding gain equation can be derived for 1=L-
framerate video, L = 2k; k 2 Z+, extracted from TSB cod-
ing [1]
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where Ravg is the average rate used to code subband co-
e�cients, subbands numbered i = 0; : : : ; Ks � 1 are those
needed to synthesize the lower-framerate sequence, and Fx;y;z
is the original-frame pixel after motion-compensation that
is located at spatial location (x; y) and time index n. The
second term in the denominator is a function of bitrate
and comes from temporal �ltering distortions in the lower-
framerate video. At very high rates total distortion in
a frame asymptotically approaches the level of distortion
caused strictly by temporal �ltering. That is, temporally
subsampled TSB cannot be a perfect reconstruction system
unless the discarded subbands are zero energy (temporal �l-
tering distortions do not exist).

Temporal �lter distortions severely limit temporal scal-
ability. For predictive coding at high rates, distortion of
subrate video approaches zero. For MC-TSB coded video at
less than full rate, the distortion approaches a lower bound
determined strictly by the distortion due to temporal �lter-
ing. If the motion compensation of the video is imperfect,
the temporal distortion may be large. The only method to
improve the temporal scalability of the MC-TSB method is
to reduce the magnitude of the introduced distortion.

While `closed-loop' predictive coding uses compressed
reconstructed frames for temporal prediction, `open-loop'
predictive coding employs original frames. The predictive
frames employed by the encoder and decoder are identical
for the `closed-loop' method, but di�er for the `open-loop'
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Figure 4: MCP, TSB, and Adaptive TSB-MCP

method (the original frames are not available at the de-
coder). This disparity causes `open-loop' predictive coding
to su�er from predictor divergence { each iteration increases
the di�erence between the predictive frame in the encoder
and that in the decoder.

If a sequence is to be locally motion compensated (an
e�ective practical method for reducing video redundancy),
not all image regions may be linked with a region in each
other frame. In particular, uncovered and covered regions
possess no corresponding region in some adjacent frames.
For a MC-TSB coder, such regions must be `open-loop'
predictive coded { single pass `closed-loop' coding is not
possible.

To bene�t from the advantages of MC-TSB coding, while
maintaining high scalability, a method for limiting the max-
imum regional MC-TSB temporal distortion is proposed.
At low and medium rates predictor divergence in a small
number of regions is not a major impediment to achieving
high performance. With the new adaptive method (at low
and medium bitrates), the superior performance of MC-
TSB for some sequences may be exploited without sacri�c-
ing temporal scalability.

3. METHOD

MC-TSB coding is usually combined with spatial subband
coding (SBC) to unify the coding structure as completely
subband based. This is the approach that is adopted for ex-
perimental results in this paper. The resulting structure is
called three-dimensional subband coding (3D-SBC). As dis-
cussed above, MC-TSB is successful (superior to standard
MCP) only at full temporal rate (with no temporal scala-
bility) and at low-bitrate. Block motion-compensation ar-
tifacts (discontinuity at block-boundaries) decrease the e�-
ciency of SBC for video interframes (versus block-transform

coders). Combining MC-TSB with spatial SBC additionally
limits success to smooth motion sequences that are more
successfully motion-compensated than sequences with large
abrupt motion and therefore contain less high-frequency en-
ergy at block-boundaries.

The cross-hatched area at the intersection of the Venn
Diagram of Figure 3 indicates the current scope of applica-
tions that are appropriate for motion-compensated three-
dimensional subband coding. MC-TSB is successful (su-
perior to standard MCP) only at full temporal rate (with
no temporal scalability) and at low-bitrate. Block motion-
compensation artifacts (discontinuity at block-boundaries)
decrease the e�ciency of SBC for video interframes (versus
block-transform coders). Combining MC-TSB with spatial
SBC additionally limits success to smooth motion sequences
that are more successfully motion-compensated than se-
quences with large abrupt motion and therefore contain less
high-frequency energy at block-boundaries. The motivation
for adaptive MCP-TSB is to expand the scope of applica-
tions to include applications that require temporal scala-
bility (e.g., videoconferencing over the Internet or wireless
channels). The expanded area labeled `HYBRID' indicates
that the desired structure is superior to standard MCP for
smooth motion sequences at low bitrates.

The TSB structure of Choi and Woods [5] (Figure 2) is
used because the `open-loop' covered, uncovered and newly
introduced regions are e�ciently integrated with the tempo-
ral subbands. TSB blocks are HAAR �ltered into high-pass
and low-pass bands, prediction error from MCP blocks and
pixels from covered/uncovered areas are scaled and placed
in the high-pass temporal band, while unmatched pixels in
the reference frame are scaled and placed in the low-pass
band.

As the time delay between successive frames increases
with each level of temporal decomposition, TSB distortions



are increased due to inaccurate motion compensation. For
this reason, TSB is used only for the �rst level of temporal
processing. Further temporal decomposition employs MCP.
The new adaptive encoder `open-loop' codes all blocks with
large mean absolute distance (MAD) from their predictors.
If the MAD threshold is raised high enough the coder be-
comes `open-loop' MCP, if it is lowered enough the coder
becomes a somewhat scalable version of Choi and Wood's
hierarchical variable size block matching motion compen-
sated temporal subband coder [5].

In addition to the new TSB-MCP method, an enhance-
ment is introduced { multiresolution block matching (MR
BM) [6]. MR BM is a technique which improves the pre-
dictive capability of standard BM by adaptively choosing
an optimal half-pixel interpolation �lter for each motion
compensated block. Although TSB cannot bene�t from a
multiresolution approach (a wide bandwidth half-pixel in-
terpolation �lter such as the MPEG 8-tap uniformly applied
is best [7]), the `open-loop' coded pixels which are a neces-
sary part of regionally motion compensated TSB coding do
bene�t from MR compensation.

4. RESULTS

A MAD threshold of 15 gray levels is chosen for the adap-
tive TSB-MCP coder to satisfy the subjective criteria of re-
ducing temporal distortion in the adaptive coder to a level
consistent with the loss introduced through the coding pro-
cess. Higher thresholds yield improved full rate PSNR at
the expense of reduced sub-rate PSNR.

Although simple optimal bit allocation is a key advan-
tage of adaptive TSB-MCP coding, all methods are com-
pared with identical bit allocation to better enable compar-
ison of relative coding gain performance of the methods.
In practical applications, `open-loop' MCP bit-allocation is
often su�cient for `closed-loop' MCP coding { the two con-
verge at high bit rates, but for low bit rates `closed-loop'
MCP bit allocation may be far from optimal.

Ninety-six frames of the MPEG test sequences Flower
Garden, Table Tennis, Football, and Mobile Calendar are
coded at 1.2 Mbps, 30 fps, SIF resolution (352x240 pix-
els, 4:2:0 chrominance subsampled). The hierarchical vari-
able sized block matching (HVSBM) uses a three level mul-
tiresolution quad-tree pyramid with largest block size 64x64
and smallest block size 4x4 pixels. Wavelet transform spa-
tial coding follows temporal processing with a three level
(10 subband octave) decomposition employing Daubechies'
9/7 bi-orthogonal wavelet pair, and is followed by adaptive
arithmetic coding of quantized coe�cient symbols, DPCM
motion vectors, and the quad-tree map.

Five coding methods were examined experimentally, namely:
motion compensated prediction (MCP) with wavelet pre-
diction frame coding, reduced search multiresolution MCP
(rsMR-MCP), temporal subband coding (TSB), adaptive
TSB-MCP, and adaptive multiresolution TSB-MCP.

The primary observation in Table 1 is that while TSB of-
fers a poorly scalable bit stream adaptive TSB o�ers equiva-
lent scalability to MCP. For TSB, at half and quarter frame
rate average PSNR relative to MCP is reduced .9 dB and
1.7 dB respectively, while for adaptive TSB average rela-
tive PSNRs are reduced less than .1 dB and .3 dB at both

respective sub rates.
Also, while multiresolution processing improves MCP

by .5 dB, it improves adaptive TSB-MCP by only .2 dB,
{ an e�ect due to the fact that only the MCP portion of
TSB-MCP's blocks can take advantage of multiresolution
prediction.

Overall, multiresolution adaptive TSB-MCP o�ers the
best scalable compression for the Flower Garden and Mobile
Calendar sequences. For the Table Tennis and high motion
Football sequences rsMR-MCP is best. The same division
is observed for the non-multiresolution variants of the TSB-
MCP and MCP coders.

5. CONCLUSIONS

This paper presents a new category of inter-frame coding
technique { adaptive TSB-MCP { designed to improve the
temporal scalability of TSB coding while making its high
coding gain available when possible.

Unfortunately, MC-TSB and MC-TSP-MCP both re-
quire `two-pass' decoding. This added complexity in the
decoder is a handicap for multicast, broadcast, database re-
trieval and other important asymmetric applications. Point-
to-point communications (such as software-based videocon-
ferencing) for which block-matching algorithms in the en-
coder dominate overall system complexity are, however, still
viable applications for MC-TSB-MCP.

This new coder demonstrates temporally scalable per-
formance which rivals and (for certain sequences) surpasses
that of the ubiquitous MCP video coding structure at MPEG-
I bit rates. It is advantageous for some sequences at low
and medium bitrates, and may prove superior for advanced
coders that o�er superior motion compensation.
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