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ABSTRACT

fluctuation in 3D wavelet based video coding. A nov
at different levels are used to smoothen the temp >
criterion is derived to reduce the distortio

In this work, we propose a method to control distortion
technique of assigning priorities to temporal subbands
PSNR. The wavelet filter properties are explored and an optimum

Auctuation.
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1. INTRODUCTION
al predictive coding for video, wavelet based coding has emerged‘
viable option. In 3D based wavelet coding, a video sequence is treated as a three dimensional signal. At
dimensional wavelet transform is applied to the video source and the temporal redundancy is exploited v
temporal filiering. In the presence of motion, the temporal correlation moves away from the temporal
In the popular 3D-SPIHT i;:flpl(maentaticrn,1 a three dimensional wavelet transform. is applied to a grou
frames and the inter-band coefficients are arranged as 3D spatial orientation trees. In addition to providing
coding efficiency, 3D coding schemes has good spatial, temporal and drift free scalability. There are two main
theoretical developments that promise efficient wavelet-based video codecs: Temporal filtering using liftin
motion compensation in the Overcomplete Discrete Wavelet Transform (ODWT). The three-dimensional wa

decomposition can be performed in two ways:

As an alternative approach to tradition

1. Two-dimensional spatial filtering followed by temporal filtering (2D+t)2”4 or,

2, Temporal filtering followed by two—dﬁmensional spatial filtering (t-+2D).55

All current wavelet-based video codecs that employ temporal filtering exhibl

PSNR of the reconstructed frames within a GOF. This distortion variation withi
to the motion in the sequence as in the case of hybrid video coding schemes. This is true for both t-+-2D
unced with longer filters and is undesirable at low bitl

schemes. The distortion fluctuation is more prono ;
Most of the coders aim at optimizing the average PSNR, disregarding the fluctuation in the image quality,
the group of frames (GOF). The distortion Auctuation inside a GOF can be in the order of 0.5-4 dB.°

may lead to annoying flickering effects and poor visual quality. It is well known that the average PSNR f
whole video sequence alone is not an adequate indicator of subjective video quality and the PSNR fluct
de a GOF should be controlled.

should be taken into account. Hence, the PSNR variation insi
s play a vital role in distortion fluctuation. The temporal dis
Auctuation is due to different filter synthesis gains for even and odd frames.? The problem of redugl
temporal distortion fluctuations has been addressed in a few designs.® 10712 Filter based scaling coeffic
used to reduce the quality varidtion in Ref. 8. Though the scaling coefficients reduce the distortion
this does not completely eliminate the fuctuation. In Ref. 10 distortion fluctuation control I8 designe

bi-directional unconstrained motion compensated temporal filtering and the distortion in the dect‘)d‘?‘;ﬁ
expressed as a function of the distortions in th

The temporal wavelet filter propertie

e reference frames at the same temporal level. In this
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relationship between the distortion in temporal wavelet subbands and the reconstrucy
Based oz this relatiouship, an optimal conditjon for controlling distortion fluctuation ig derived,

in Section
We present the simulation

P = ok~ 3 (ot ay)/ve &)

e = V2, + i(\@hk + \/@13;_1)}

{ i
Top = % - Z[\/Ehk_z + \@hk} (2)
1
Takr1 = 2p, o 5[-’221; +opq].

where ), and Ry are the low-pass and highpass temporal subbands. T2 and zgp tepresents the even and odd
frames respectively.

Dew = R e = (8)
9 1
sz:c-n = g{le +le+;J + gth + éEIthH + th-z}'
If we assurge that the distortions in different temporal subbands are equal, i, Dy, = Dy, = D,

3 = y Dh
by = Dy and Dy =Dy = D, then the differences between odd and even frameg will be 2.8189 dB. In other
words, the ratio of distortions of even and odd frames jg ‘

Dy 075
Rl R L {4
s LA3TE )

O E we foree the ratios 1o be equal to if%z%,‘there will still be 4 difference of 1.4 4B between odd and e
Tames,

.
Tag = [y — Z[hk-l + Ry) (5)

ot

Loty = flk + “{-1'2,(—, -+ $2k+1}.

[ ]
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The distortion equation (3) will be

D Dy,
Dzo. = le‘*"’i’%&'k”_i%ﬂ}' (€
1 9 1
Doy Z[le + lew} + %th + "éZ[DhHl + th~11~

Under the condition that all D; and Dy, are equal, the difference in PSNR between odd and even fram
drops to 0.122 dB. The distortion ratio is then given by

D, _ 1125
= 1.09375 (

'D$2k+1

Though the fluctuation of PSNR is controlled by ignoring V2, it must be noted that the average PSNR is reduc
considerably.

2.1. Biorthogonal 5/3 Filter Without Update Step

Consider the analysis of the lifting steps discussed in equation (1). I the high pass temporal subbands are x
used for lowpass filtering,'* then the equations can be rewritten as _

1
he = Zap+1— 5{332& + 32k+21

!k = I3k

This Blter is commonly referred as 1/3 filter. When compared to the 5/3 filter, the distortion fluctuatio)
even more pronounced in the 1 /3 filter case. This is an effect of ignoring the update step. Though inclusior
an update step increases the encoding and decoding delay, the compression efficiency will be high. If we dei
the temporal subband distortion relationship as in Section 2 for 1 /3 filter, the distortion ratios will be . .i:

o

Ds,, L

Damss 15

If the ratio % is made equal to equation (9), the difference between odd and even frames will be 3 dB

In this section, the wavelet filter properties were examined and distortion variation between even and’
frames are studied for 5/3 and 1 /3 Hiter. Assumptions made here will assist in the understanding of.
relationship between temporal subbands. B

3. DISTORTION FLUCTUATION CONTROL

The distortion fluctuation exhibited by the 3D wavelet coders can be attributed to the fmplicit *
operation. In order to control the temporal PSNR fluctuation, the rate allocation must be perform
controlled manner. : ‘ i

A novel technique of assigning priorities for temporal subbands at different levels in order to control dist®!
fluctuation inside a GOF is proposed. The priorities for the temporal subbands can be set according 10}
distortion relationship. A distortion ratio model will serve as a reference for the rate control algorithm

ate €or
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Figure 1. 5/3 Filter
3.1. Distortion Ratio Model

; the ratio % is
decomposition, we solve for the ratio £-

D, to arrive at Dy, = Digyer -
From equation (6), we have

Then, the ratio D; to Dy, of will be

(11)

us assume, D} to be the
r k% Let D} be the third
he frame inside the a GOF can be denoted in terms of the distortions of the temporal
fied 5/3 filter (no V2) with three le

vel temporal decomposition, the reconstructed frame
Z2k+3 are given by,

subbands, For a modi
distortions for Top to

Da,, = D}y 0.125D% + 0.12502 +. 0.125D} (12)
Desery = 078D3 ¢ 0.048D7 + 0.102D2 + 0.5940}

Darvye = 0.625DF + 0.102Df + 0.594 D7 0.125D}

Deosyss = 0.5DF 4 0.283DF + 0.289D7 + 0.594D}

Dopse = 0.5DF 4 0.594D5 + 0.125D2 + 0.125D} .

?hﬂ Pquations for
JHnate gualie
“Tmposition 3

the reconstructed frames

are used to solve for the temporal subband distortion ratios to
¥ variations, The relationship bet i
s given helow:

D} 15 D} 13 z

_ _ 15 15
D} 16’ DT 1o Dl 71w

it . Il .
“Harly, for the 1/3 figer set, the ratios are
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D}
D},

D} D}
o =% piT? (14)

=2
1 D}b

The derived ratios in equation (13), are used to design the reference model for our rate control algorithm.

2.2. Rate Control Algorithm

The coding bitrate R can be directly controlled to achieve the required distortion D in a embedded wavelet
coder. Let N be the number of frames within a group of frames (GOF) and Ry be the rate assigned for the
GOF. The rate control problem is formulated as follows: Select the rates for each temporal subband such that.
the sum of all rates in the GOF is equal to Ry and the temporal subband distortions follow the ratios derived n
section 3.1. For example if we consider a three level temporal decomposition for the 5/3 filter with GOF length:
N=8, the constraints are . '

RS+ RS+ RY, + B3, + B, + Rh, + Ry, + R. = Rn -(15)
p} 15 D} 15 Di _15 '

wd{ 5= Di~m DL 12

The empirical formula for rate distortion for wavelet embedded coder'® and the temporal subband distorti
relationship can be combined to solve the optimal rate control problem. In this paper, a simple search algorit
is used to decide the rates to meet the distortion criteria. The algorithm to choose the rate to minimize distortion
Buctuation is given below:

1. For each wavelet temporal subband in the GOF calculate ¢ R-D points.

_ The total rate Ry assigned for the GOF of size N is selected.

2
3. Initially, let R} = c.Rn/N, wherecisa multiplication constant. The corresponding distortion Df is chos
4

. Using the distortion ratios for temporal subbands, select D?, D} and D}, from the ¢ points and get
corresponding rates B3, RZ and R}.

Check if the sum of the rates of temporal subbands is equal to Ry and if true Goto Step 7

‘:’Lﬂ

6. 1f the sum is greater than Ry, decrease the value for ¢. Else increase c.

7. Goto step 3. For the next GOF use c as the initial value.

4. EXPERIMENTAL RESULTS .

We considered the standard “Football”, “Flower Garden” test sequences in SIF (352 x 240) resolution and “F
man”, “Susie” sequence in QCIF (176 144) resolution. A Daubechies (9, 7) filter with a three level decomposil
(s used to compute the wavelet coefficients. The motion estimation is performed in the overcoraplete way
domain using the block matching techinique for integer pixel accuracy. A 16 x 16 wavelet block is matche
a search window of {—16,16]. 3D-SPIHT and 2D-SPTHT? are used to encode the cocficients after perfo
motion estimation/compensation in ODWT domain. '

The 2D-SPIHT image coder was used to encode each temporal subband independently so that we could east
select the number of bits to match the distortion ratio derived in section 3. The algorithm described in Sectt
3.9 is used for the rate selection. Since it-is very diffcult to exactly achieve the distortions to follow the dert
ratios from g points, 2 room for 9% error in distortion was allowed.

The PSNR of each reconstructed frame of test sequences for 5/3 filter are plotted in Figures 9.5 . The
filter case for “Football” sequence is plotted in Figure 6 at 1.4 Mbps. The “Proposed Distortion Contr !
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Table 1. Average PSNR values of Y component

Sequence Rate Proposed Distortion No Distortion | No Root 2
Control Control
Football | 1.5 Mbps 30.62 dB 30.66 dB 20.82 dB
Garden | 1.2 Mbps 20.72 dB 20.74 dB 28.97 dB
Susie 220 Kbps 40.77 dB 40.63 dB 40.01 dB
Foreman | 228 Kbps 35.65 dB 35.57 dB 34.96 dB

in the figure follows the rate contro] algorithm. The “No root 9* case is coded using 3D-SPIHT and no explicit
rate control is used. Both the cages use the modified 5/3 filter set without ncluding v/2. The “No Distortion
Conirel” is the 5/3 filter set coded using 3D-SPIHT. Table 1 gives the average PSNR values of the Y component
for the three cases discussed. Form the res i » With the distortion contro) scheme, the PSNR
variation is greatly reduced and the average PSNR is also close to the implicit rate allocation (no distortion
control) case.

5. CONCLUSION
The wavelet filter properties are studied to understand the variation in distortion inside & group of frames, The
modified 5/3 filter without inclading /2 eliminates distortion fAuctuation at the cost of reducing the overali
PSNR. The distortion relationships of temporal subbands at various ¢
controlling fluctuation is derived. A simpl

emporal levels are explored and a ratio for
¢ rate control algorithm is used to control the
sophisticated models can be designed to a

quality variation. More
chieve further improvement,
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