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Abstract

An efficient motion-compensated 3D wavelet video coding system is proposed
in this paper. In this new system, spatio-temporal subbands are generated by
MC temporal analysis based on an adaptive GOP structure and 2D spatial
wavelet transform, and then encoded by a quadtree-based wavelet image coding
method. The experimental results show that, the proposed system can achieve
better performance than other ones, while reducing computational complexity
and memory requirement to a certain extent.
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1 Introduction

Scalable video coding (SVC) is widely considered as a promising technology, which
allows partial decoding at a variety of resolution and quality levels from a single
compressed bitstream[1]. Subband extension of H.264/AVC[2] is one of the SVC
methods, which can provide temporal scalability, spatial scalability and quality (SNR)
scalability, but at the cost of too much memory requirement and computational
complexity. Therefore a practical SVC technology is necessary to be proposed.

Recently, image processing based on wavelet has achieved great success and
promoted the research of wavelet video coding technology. Wavelet coding possess
the feature of multi-resolution in nature, and no need to construct layered coding
structure to realize a variety of scalability. Thus, scalable video coding based on
wavelet transform has become a hotspot in the field of scalable video coding.

In this paper, a new wavelet video coding system is proposed. The next section
describes the proposed system in general and then analyzes three key techniques in
detail. Section 3 provides experimental results. It shows that compared with other
coding method[3], the proposed system in this paper is more efficient.
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2 Motion-compensated 3D Wavelet Video Coding System

2.1 Block Diagram of the Proposed Video Coding System

The proposed motion-compensated 3D wavelet video coding system is shown in Fig.
1, which includes two key techniques: MC temporal analysis and 3D spatio-temporal
subband coding. MC temporal analysis is applied to remove the temporal redundancy
and the 2D spatial wavelet analysis the spatial redundancy. The resulted
spatio-temporal subbands are encoded by Wavelet Quadtree-based Coding (WQC),
and finally form the bitstream with motion vectors.

Similar with MPEG, GOP structure is used in this paper. A GOP can contain 2, 4, 8
or 16 continuous frames. To improve the coding performance, it is necessary to select
an appropriate GOP structure according to the motion degree of the video sequences,
which is another key technique of the coding system.

The three key techniques of the coding system are analyzed in detail below.
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Fig. 1. Block diagram of the proposed video coding system

2.2 MC Temporal Analysis

Because of the high similarity between adjacent frames, efficient video compression
significantly relies on effective removal of temporal redundancy in the video
sequence. MC temporal analysis, used for removing temporal redundancy in this
paper, means that the temporal filtering is performed along the motion trajectory,
instead of the direct temporal-axis direction of the input video sequence.

MC temporal analysis can be implemented by temporal DWT based on lifting[4].
The generic lifting scheme consists of three step: polyphase decomposition, prediction,
and update. Fig. 2 illustrates the lifting representation of an analysis-synthesis filter
bank.
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Fig. 2. Lifting representation of an analysis-synthesis filter bank

At the analysis side (a), the odd samples s[2k +1] of a given signal s are predicted by
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the even sampless[2k] using a prediction operator P(s[2k +1]) and a high pass signal
hik] is formed by the prediction residuals. A corresponding low-pass signal I[k] is
obtained by adding the prediction of the residuals hk]to the even samples s[2k] of the
input signal s using the update operator U(s[2k]) :
h[k] = s[2k +1] - P(s[2k +1]) Q)
I[k] = s[2k]+ U(s[2K]) 2
Since both the prediction and the update step are fully invertible, the corresponding
transform can be interpreted as critically perfect reconstruction filter bank. The
synthesis filter bank simply consists of the application of the prediction and update
operators in reverse order.
Lets[x k]be a video signal with the spatial coordinatex=(x y)" and the temporal
coordinatek . For the extension to MC temporal analysis, the prediction and update
operators using the lifting representation of the Haar wavelet are given by

PHaar (S[X,2K +1]) = s[x + Mg, 2K] (3)
U Haar (s[X,2K1) = h[x + myo, k] 4)

where m is motion vector that can be obtained by any motion estimation method.

After MC temporal analysis, a pair of temporal low- and high-subbands is
generated for each two continuous input frames. Low-subband contains the average
information of two frames, and high-subband, which contains less energy, can be
considered as Displace Frame Difference (DFD) after the motion compensation of
two input frames. Therefore, MC temporal analysis can remove temporal redundancy
efficiently and thus improve the coding efficiency.

2.3 Adaptive GOP Structure According to Motion Characteristics of the Video
Sequences

For the video sequences with low motion, because there is strong correlation among
the adjacent frames, large GOP structure should be selected to efficiently remove the
temporal redundancy to achieve high performance. But for the video sequences with
high motion, small GOP structure should be adopted, which will not affect the coding
performance, what is more, it can reduce the memory requirement and computational
complexity.

Therefore, in this paper, an adaptive GOP structure according to motion
characteristics of the video sequences is proposed. As Fig. 3 shows, four kinds of
GORP structure can be chosen, including 2 frames, 4 frames, 8 frames and 16 frames,
and labelled as GOP=2, GOP=4, GOP=8 and GOP=186, respectively.

Table 1 illustrates the times of MC temporal analysis in a variety of GOP structure.

Motion vector is an useful parameter for representing motion characteristics of the
video sequences. The formula can be described as follows:

M-IN-1
MA=— Z()“Z(;[mvi(i, D+mv2G, )l (5)

i=0 j=
where [ mvy (i, j) , mvy (i, j) ] is the motion vector of the pixel (i, j), and M, N are width
and height of the image, respectively. Smaller MA means low-motion of video
sequence, thus the large GOP should be selected in this case. Otherwise, the small
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GOP should be chosen.
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Fig. 3. Four kinds of GOP structure

Table 1. Times of MC temporal analysis in a variety of GOP structure

GOP Each GOP Continuous 16 frame
2 frames 1 8
4 frames 3 12
8 frames 7 14
16 frames 15 15

24 WQC

The development of wavelet video coding depends on the development of wavelet
still image coding. Whether the wavelet still image coding sufficiently utilize the
characteristics of the wavelet transformed image or not, has direct influence on the
performance of video coding. WQC is proposed to encode the spatio-temporal
subbands, which exploits energy clustering in frequency and in space. [5]

Quadtree split is a simple but efficient method for organizing wavelet coefficient.
All pixels in a square block form a Set (S), which can be denoted as {c; ;}, where (i,
j) is the position of wavelet coefficient in a wavelet image For a value n, whether S
is significant or not, can be defined as follows: the S is significant if max {| G j=2"
otherwise insignificant. Thus, it can be described as follows: (i.]
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1, 2"< max {cj[}<2"?
F(n,S)= (i,j)es
0, others

(6)
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Fig. 4. Quardtree split process

All pixels in the insignificant S can be denoted as 0, and the significant S as 1. The
significant S will split further into 4 subsets which have same size, and then each of
the subset will be judged whether it is a significant set. For each subset, the same
method is adopted to split until obtain all significant coefficients. The process of a
guadtree split is shown in Fig. 4.

WQC is a method of bitplane coding in essence, which can generated an embedded
bitstream. In each bitplane, coding is carried out in special subbands one by one. Thus,
the error propagation can be avoided and the error resilience of the bitstream can be
improved by adding some head information during the coding process, it is useful for
bitstream transmission in an error-prone environment.

3 Experimental Results

To estimate the efficiency of this system, we compare the proposed system (named as
A_MC_3DWQC) with MC_3DSBC proposed in literature [3]. The comparison
results at Rc=1.2Mbps is shown in Table 2. Standard test video sequences such as
Akiyo, Football, Foreman and Mobile at CIF resolution (96 frames, 30frames/s) were
used.

Table 2. Comparison of A_MC_3DWQC with MC_3DSBC for test video sequence (dB)

video sequence MC_3DSBC A _MC_3DWQC gain
Akiyo 40.84 46.21 +5.37
Mother_Daughter 40.24 42.84 +2.60
Football 31.65 33.65 +2.00
Foreman 36.48 37.17 +0.69
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Fig. 5. Frame-by-frame PSNR for the lumi- Fig. 6. Frame-by-frame PSNR for the lumi-
nance component of the Mother_Daughter nance component of the Foreman

Fig. 5 and Fig. 6 illustrate the frame-by-frame PSNR for the luminance component
of Mother_Daughter and Foreman, respectively.

It can be seen from the results shown in Table 2, Fig. 5 and Fig. 6 that, under the
same coding conditions, our system can achieve better performance for the test video
sequence with both low and high motion. The highest coding gain is about 5 dB.

Table 3. Comparison of the adopted GOP structure of the two methods for Football sequence

GOP MC_3DSBC A_MC_3DWQC
GOP=2 0 42
GOP=4 0 1
GOP=8 0 1
GOP=16 6 0

Table 3 tabulates the comparing results of the adopted GOP structure in two
systems for Football sequence (96 frames). Because of the high motion characteristics
of Football sequence, the structure of GOP=2 was chosen 42 times in
A_MC_3DWQC. On the other hand, the fixed GOP=16 structure is adopted in
MC_3DSB. So the times of MC temporal analysis in A_MC_3DWQC is 1x42+3x1
+7x1=52, but the times in MC_3DSBC is 15x6=90, which demonstrates that the
coding system proposed in this paper can not only improve the coding efficiency, but
also reduce computational complexity for the high-motion video sequences.

4 Conclusion

A wavelet video coding method is proposed in this paper. The experimental results
show that, compared with MC_3DSBC proposed in literature [3], under the same
conditions, for low-motion video sequences, it can get better performance, and for
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high-motion video sequences, it can not only improve the compression efficiency, but
also reduce memory requirement and computational complexity.
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