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ABSTRACT

Nowadays standard technologies for spatially scalable video coding
use Gaussian pyramidal approaches, that naturally lead to redundant
descriptions after the temporal analysis. However solutions have
been proposed to preserve the critical sampling criterion within a
multi-resolution framework. That research area is highly worth the
interest since the redundancy suppression potentially improves com-
pression efficiency. We focus here on two different solutions, with
a special focus on the spectral composition of the transmitted infor-
mation. Last some results are presented and discussed.

Index Terms— Video coding, Wavelet transforms

1. INTRODUCTION

A number of video coding schemes that use (t+2D) sub-band ap-
proach have been proposed so far [1, 2, 3, 4, 5]. These schemes
present state-of-the-art compression performances, but suffer from
strong limitations concerning spatial scalability. Indeed spatio-temporal
low-frequency frames present poor quality, even at maximalbit-rate.

Besides, numerous other schemes [6, 7, 8] have explored a dif-
ferent track : (2D+t) wavelet coding. As far as scalability is con-
cerned, that architecture is very well designed, but unfortunately,
compression expectations are not met, especially at high resolution.

Considering the relative failure of these wavelet-based solutions
to supply a spatially scalable bit-stream on e. g. three scales of reso-
lution while keeping competitive, the video compression community
turned its efforts toward multi-resolution techniques (Cf. [9]). These
simulcast-like solutions take as source’s input Gaussian pyramids,
and deliver therefore redundant descriptions. The only feature that
distinguishes them from pure-simulcast techniques is the possibil-
ity to use inter-layer prediction. Yet the resulting bit-stream remains
redundant, harming the potential compression efficiency.

In this paper we investigate the issue of redundancy and crit-
ical sampling within that particular framework of multi-resolution
scalable video coding. Solutions have already been proposed to de-
sign critically-sampled video codecs while keeping multi-resolution
approaches advantages. After having defined some notations, we’ll
focus in section 3 on theLBC (Low-Band Correction) method, pro-
posed by Han in [10], then in section 4 on the(2D+t+2D) scheme of
Mehrseresht & Taubman [11, 12], pointing out differences and sim-
ilarities. Last results are shown in comparison with state-of-the-art
video coding schemes.

2. NOTATIONS

Information relative to spatial resolutions will figure in superscript,
whereas information relative to temporal levels and instants will fig-

ure in subscript. Conventionally, the zero index refers to the origi-
nal source’s characteristics. Last bold face will denote sequences :
fpt = {fp

t,k}k∈K .

Temporal analysis and synthesis will be denoteda =
` al

ah

´
and

s = ( sl sh ) . At a given temporal levelt, the fpt sequence is trans-
formed into its high- and low-frequency half-signals :hp

t = ah(fpt )
and lpt = al(f

p
t ) . The iterative filtering process goes further on,

consideringfpt+1 = lpt .
Regarding motion compensation, the index of the current frame

(the predicted frame) is pointed by the reference frame’s (the warped
one’s) index, respecting chronological order. E.g. in the well-known
5/3 MCTF framework, each high-frequency framehk is obtained by
subtracting from thef2k+1 frame the half-sum ofW2k→2k+1(f2k)
andW2k+1←2k+2(f2k+2) .

Last, letA =
`
AL

AH

´
andS = ( SL SH ) respectively stand for

the spatial analysis and synthesis. We’ll denote tooLf
p = AL(f

p)
andHf

p = AH(fp) the low and high frequencies of sequencef
p .

We can trivially state that :

S ◦ A =
`
SL SH

´
.

„
AL
AH

«

= (SL ◦ AL) + (SH ◦ AH) = IdPixel

And :

A ◦ S =

„
AL ◦ SL AL ◦ SH
AH ◦ SL AH ◦ SH

«

=

„
IdBF 0

0 IdHF

«
= IdFreq

3. EMBEDDED SIMULCAST CODING WITH THE LBC
METHOD

3.1. Encoding and embedding

TheLBC (Low-Band Correction) method has been presented in [10]
and derives from an idea proposed in [13]. It resorts on the use of
two linear operators of down- and up-sampling (denotedD andU in
[10]), verifying D ◦ U = Id . Translated to the present notations,
these operators becomeAL andSL .

In the following we limit our explanations to a group of two
frames at two different resolutions, but the scheme can be trivially
extended to more levels and frames.

Let f0
2k andf0

2k+1 be two consecutive frames at original resolu-
tion, andf1

2k andf1
2k+1 their sub-sampled versions (Cf. Fig. 1).



LBC’s multi-resolution temporal analysis is purely predictive
and does not comprise any update step. At every resolution, high fre-
quency frames are computed by forward prediction of odd frames :

˘
hi

k = f i
2k+1 −Wi

2k→2k+1

`
f i
2k

´
(1)

Fig. 1. Multi-Resolution Analysis.

Let’s focus now on the embedding process. Trivially the refer-
ence frame contains its sub-sampled versions{f i

2k = AL
i(f0

2k)}i>1 ;
therefore it is transmitted at original resolution. Besides, predic-
tion error frames are merged, puttingh1

k in place of spatial low-
frequencies ofh0

k. Written in the manner of [10], the transmitted
pieces of information are :


lk = f0

2k

hk = h0
k − (SL ◦ AL)(h0

k) + SL(h
1
k)

And in terms of spatio-temporal sub-bands (Cf. Fig. 2) :


f1
2k and Hf0

2k

h1
k and Hh0

k

(2)

Yet that expression is foolish, because, unlike for the intra-coded
frame, for temporal high-frequencies, we have :

h
1
k 6= AL(h

0
k) and consequently h

0
k 6= S

„
h1

k

Hh0
k

«
.

Fig. 2. Multi-Resolution Embedding Process.

3.2. Spectral composition of transmitted information

A key-point of scalable multi-resolution and (t+2D) wavelet-based
schemes lies in the way spatial and temporal transforms are asso-
ciated. Therefore it is highly worth studying the spectral composi-
tion of transmitted information, especially concerning the spatial and
temporal highest frequencies (i.e. (2) bottom-right) :

Hh
0
k = Hf

0
2k+1 − (AH ◦W0

2k→2k+1)
`
f

0
2k

´
(3)

3.3. Multi-resolution decoding

Lowest resolution decoding process is obvious. Reference framef1
2k

is decoded, thenf1
2k+1 is reconstructed fromh1

k andW1
2k→2k+1(f

1
2k) :


f1
2k = AL (lk)

f1
2k+1 = W1

2k→2k+1

`
f1
2k

´
+ AL (hk)

Upper-resolution decoding process is less trivial. First,the whole
original-resolution reference frame is reconstructed from f1

2k and
Hf0

2k. Then the point is to recover the whole prediction errorh0
k,

from which only the spatial high-frequencies have explicitly been
transmitted (Cf. (2)). Fortunately it is possible to extract missing
h0

k ’s low-frequencies from lowest-resolution framef1
2k+1 together

with the motion field related toW0
2k→2k+1 and the reconstructed

framef0
2k. Indeed, according to (1) :

Lh
0
k = AL

`
f

0
2k+1 −W0

2k→2k+1

`
f

0
2k

´´

= f
1
2k+1 −

`
AL ◦W0

2k→2k+1

´
(f0

2k) (4)

Upper-resolution synthesis equations are thus (Cf. Fig. 3):

8
>>>>>><
>>>>>>:

f0
2k = S

„
f1
2k

Hf0
2k

«

f0
2k+1 = W0

2k→2k+1(f
0
2k)

+ S

„
f1
2k+1 −

`
AL ◦W0

2k→2k+1

´
(f0

2k)
Hh0

k

«

Fig. 3. Multi-Resolution Synthesis.

Note that this decoding policy prevents from introducing anup-
date lifting step without jeopardizing the reconstructionof the miss-
ing spatial low-frequencies (Cf. (4)).

4. THE (2D+T+2D) METHOD

4.1. Principle and encoding architecture

Let’s consider the simplest configuration, with one spatiallevel be-
fore and after temporal analysis. On Figure 4,SST andMC-TST
refer toSpatial Sub-band TransformandMotion-Compensated Tem-
poral Sub-band Transform.



Fig. 4. Spatio-temporal analysis process.

The lowest resolutionMC-TST process is classically performed,
with a predict then an update step :


h1

k = f1
2k+1 − W1

2k→2k+1

`
f1
2k

´

l1k = f1
2k + W1

2k←2k+1

`
h1

k

´

Regarding upper resolution, note that the filtering processaffects
high-frequenciesHf

0 only. Yet motion compensation is performed
in pixel-domain to circumvent wavelet’s shift-variance. This is done
by modifying the classical warping stage into a new operatorWH :

Wp,H = AH ◦ Wp ◦ SH (5)

Fig. 5. Motion Compensation for high-frequency bands.

4.2. Motion Compensation and Inter-band “leakages”

Actually, the intra-band compensation (5) does not efficiently decor-
relate the signal along time. Indeed block-based motion compen-
sation is highly non-linear and induces information “leakages” be-
tween neighboring bands. Mehrseresht & Taubman respectively de-
noted them “type I” and “type II” according they affect higher or
lower frequencies. Of course these phenomena, depicted on Fig-
ure 6, dramatically reduce the compression efficiency.

Type II leakages can not be compensated without altering the
encoding’s reversibility at lower resolutions, because high frequency
data used at analysis can not be available at decoder side.

Also for perfect reconstruction purpose, we focus here on type I
leakages compensation. In [11] authors propose to modify the warp-
ing operatorWH to take into account the information contained in
every lower band (Cf. Fig. 7) :

fWp,H(.) = (AH ◦ Wp ◦ S)

„
fp+1

.

«
(6)

Obviously that technique can only be introduced in predict step :
(

h
0,H

k = Hf0
2k+1 − fW0,H

2k→2k+1

`
Hf0

2k

´

l
0,H

k = Hf0
2k + W0,H

2k←2k+1

“
h

0,H

k

”

Lf
p

2k Hf
p

2k

↓ ↓
(A ◦Wp ◦ SL) (Lf

p

2k) (A ◦Wp ◦ SH) (Hf
p

2k)

Type I Type II

Fig. 6. Appearing energy due to “leakages”.

Fig. 7. Motion Compensation accounting for type I leakages.

4.3. Synthesis equations

Whatever the resolution, the sequence is reconstructed by inverting
the lifting steps in order to recover desired spatial frequencies :


f1
2k = l1k − W1

2k←2k+1

`
h1

k

´

f1
2k+1 = W1

2k→2k+1

`
f1
2k

´
+ h1

k8
>>><
>>>:

f0
2k = S

 
f1
2k

l
0,H

k −W0,H

2k←2k+1

“
h

0,H

k

”
!

f0
2k+1 = S

„
f1
2k+1

fW0,H

2k→2k+1

`
Hf0

2k

´
+ h

0,H

k

«

4.4. Spectral composition of transmitted information

In the (2D+t+2D) scheme, the transmitted information is :


h1
k and h

0,H

k

l1k and l
0,H

k

When type I leakages are compensated, we have :

h
0,H

k = Hf
0
2k+1 − (AH ◦W0

2k→2k+1 ◦ S)

„
f1
2k

Hf0
2k

«

= Hf
0
2k+1 − (AH ◦W0

2k→2k+1)
`
f

0
2k

´
(7)

In light with (3), we see here that(2D+T+2D)’s sub-bandh0,H

k

andLBC’s sub-bandHh0
k have the same spectrum.

That means that in spite of very different approaches, Han’sLBC
and Mehrseresht & Taubman’s (2D+T+2D) do remain the same com-
pression technique (apart from the presence of an update step). Sec-
ond, this proves it’s possible to implement true orthogonalMCTF
(with update) within an embedded multi-resolution framework.



5. RESULTS

5.1. Discussion

Regarding encoding,LBC and (2D+t+2D)’s main difference is that
at each resolution the latter affects only spatial high-frequencies with
temporal filtering. But the embedding stage and thefWH operator
overpass that difference and :

Hh0
k = h

0,H

k

q q

(AH ◦ ah) (f0) ( eah ◦ AH) (f0)

Concerning decoding, one could say thatLBC aims at “tempo-
rally” reconstructingf0

2k+1 from f0
2k andh0

k – at the expense of an
update-uncompliant “trick” to recover missing information. Besides,
(2D+T+2D) scheme consists in “spatially” reconstructing each res-
olution, from which frequencieshp,H

k andl
p,H

k were explicitly trans-
mitted. In other words, with the same sub-band,LBC performs
(s ◦ S) whereas(2D+T+2D) performs(S ◦ s).

Last it is worth noting that inter-resolution prediction, that sig-
nificantly improvesLBC’s performances when the source lacks tem-
poral correlation, is strictly equivalent to pure intra-coding during
predict-step of (2D+t+2D).

5.2. Performance

Embedded multi-resolution solutions significantly challenge clas-
sical (t+2D) approaches such as [5] (5/3 MCTF +JPEG-2000)
(Cf. Fig. 8). Compared to previous sub-band approaches, thegap
with highly-mature redundant multi-resolution techniques, such as
theJSVM [9], has been noticeably reduced. Considering that critically-
sampled solutions present potential improvements in comparison with
pyramidal solutions, they can be expected to reach equivalent per-
formances with a significant complexity reduction, especially at the
encoder side.

(a) PSNR Results for FOOTBALL sequence(b) BUS sequence

Fig. 8. Embedded MR-Analysisvs Classical (t+2D) approach: ob-
jective results and visual quality.

6. CONCLUSION

We described and compared two spatially scalable video coding so-
lutions. They’re both based on multi-resolution analysis approach,
however they present critical sampling, unlike most contemporary
pyramidal techniques. Though their principles are dual, weshowed
that they lead to the same sub-band decomposition, the latter allow-
ing to introduce an update step in the temporal analysis process. The

described methods present also high compression efficiencytogether
with a wide range of resolution scalability.
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