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Abstract---Wavelet-based scalable video coding is a 

promising technique for streaming video applications, 
especially the Motion Compensated Temporal Filtering 
(MCTF). It usually decomposes the input video frames into 
several subbands in temporal domain. A quantization error in 
each subband contributes to the overall distortion in the 
ultimate reconstructed video with different weights. These 
weighting factors play an important role in allocating bit 
budget to different subbands and influence the coding 
performance greatly. In theory, these weighting factors can be 
derived from the wavelet filter, but they are not match the 
experimental data very well. This paper first proposes a 
probability model to estimate the influence of different motion 
connections in MCTF. And the zero-coefficient percentage of 
each subband is presented to model the influence of 
accumulated rounding error. These two proposed models can 
make a good estimation on the subband weighting factors. The 
experimental results show that they have the consistent trend 
with actual data. 

1. INTRODUCTION 
In recent years, many research efforts have been paid on 

wavelet-based scalable video coding, especially on the 
Motion Compensated Temporal filtering (MCTF) [1], where 
MCTF is usually performed on input video frames to 
decompose them into temporal high-pass subbands and 
low-pass subbands. In theory, the distortion of a subband 
presented in the reconstructed signal through inverse 
wavelet can be accurately derived from the wavelet filter. 
For example, a signal is decomposed into a high-pass 
subband and a low-pass subband with the 5/3 filter. If the 
high-pass subband is lossless, the distortion after inverse 
wavelet is a factor of 1.5 of the distortion in the low-pass 
subband. On the other side, if the low-pass subband is 
lossless, the distortion is a factor of 0.7188 of the distortion 
in the high-pass subband [2]. It completely depends on 
wavelet filter. For convenience, we define the distortion 
ratio between the reconstructed signal and a certain subband 
as Subband Weighting Factor hereafter. 

However, since MCTF incorporates motion alignment 
into wavelet transform, weighting factor of each subband 
may be quite different from that theoretically derived from 
the wavelet filter. Firstly, although MCTF prefers 
bi-directional prediction and update, if blocks in the current 
frame can not find good match regions in either forward or 
backward frame, single directional prediction and update 
has to be used here. In this case, wavelet filter in MCTF is 

actually degenerated from the 5/3 filter to Haar. Obviously, 
Haar has different subband weighting factor from the 5/3 
filter. Secondly, wavelet transform theoretically needs the 
implementation with high precision. However in the video 
coding schemes, MCTF is implemented at integer form 
instead of float form. The rounding errors will be 
accumulated from one level to another. It also greatly affects 
subband weighting factors especially at smaller QPs.   

The weighting factors play an important role in allocating 
bit budget to different subbands. The coding performance 
may be degraded significantly with improper weighting 
factors. In this paper, we investigate how to accurately 
estimate subband weighting factors. Firstly, a probability 
model is proposed to model the influence of motion 
connections in MCTF. Secondly, the zero-coefficient 
percentage of a subband is proposed to model the influence 
of accumulated rounding errors. The two proposed models 
greatly correct the errors on estimated subband weighting 
factors. Now they have the consistent trend with 
experimental results.   

The rest of the paper is organized as follows. Section 2 
describes the two models respectively. Experimental results 
are shown in Section 3 and Section 4 concludes the paper. 

2. TWO MODELS FOR ACCURATELY WEIGHTING 
FACTORS 

Figure 1 illustrates a typical MCTF structure of one-level 
with 5/3 wavelet transform and inverse transform. In the 
encoding process, we obtain half low-pass subbands and 
half high-pass subbands through predict and update steps, 
and then high-pass subbands are encoded with spatial 
transform and entropy coding and low-pass subbands are 
further decomposed with one-level MCTF. In the decoding 
process, after entropy decoding and inverse spatial 
transform, the inverse update step is performed to recover 
the even frames, and then the inverse predict step is carried 
out to reconstruct the odd frames. 

A. Probability Model 
In Figure 1, each frame is connected with both forward 

and backward frames at frame level. But since motion 
alignment is actually carried out on macroblock level, like B 
frame coding in the traditional video coding, each 
macroblock may be predicted or updated either 
bi-directionally or single directionally. Such motion 
alignment makes subband weighting factors different from 
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that theoretically derived from the 5/3 filter. For example, in 
the inverse update step, if an high-pass subband has a 
quantization error ε , it will spread to the even frames in 
upper level. If the even frame is bi-directional update, the 
error in the reconstruction is 4/ε− ; otherwise the error is  

2/ε−  or 0, which depends on motion alignment mode in 
inverse update. Similarly, in the inverse predict step, if even 
frame has a quantization error ε , it will spread to the odd 
frames in the same level. If the odd frame is bi-directional 

predict, the error in the reconstruction is ε
2
1

; otherwise, 

the error is ε  or 0, which depends on motion alignment 
mode in inverse predict. 

 
(a) 

 
(b) 

Figure 1.  One-Level MCTF structure, (a) wavelet transform, (b) inverse 
wavelet transform 

Let us suppose )(0 tpu , )(1 tpu , )(2 tpu  are the 
probabilities of forward, backward and bi-directional modes 
in inverse update respectively, in which t is even number. 
Then, if a H-band has a quantization error ε  , the error 
propagated to the even frame before it can be formulated as: 

ε⋅



 −−= )(

4
1)(

2
1)( 21 tPtpte uuf . 

And the error propagated to the even frame behind the 
H-band is: 

ε⋅



 −−= )(

4
1)(

2
1)( 20 tPtpte uub . 

In the same way, we suppose )(0 tp p , )(1 tp p , 

)(2 tp p  are the corresponding probabilities of forward, 

backward and bi-directional modes in inverse predict 
respectively, in which t is odd number. Then, if a even frame 
has error ε , the error introduced in the odd frame before it 
can be formulated as: 

ε⋅



 += )(

2
1)()( 21 tPtpte ppf . 

And the error introduced in the even frame behind the 
L-band is: 

ε⋅



 += )(

2
1)()( 20 tPtpte ppb . 

To model the above MCTF process in statistics, we first 
define four basic factors: )(tU f , )(tUb , )(tPf and 

)(tPb  based on the probabilities of forward, backward and 
bi-directional models in prediction and update steps as 
follows. 
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t indicates even frames, and 
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t indicates odd frames. 

The error generated in inverse update can be simplified 
as: 



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⋅=
ε
ε

)()(
)()(

tUte
tUte

bb

ff . 

And the error generated in inverse predict is: 


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)()(

tPte
tPte

bb

ff . 

Using the error propagation model in wavelet transform 
proposed in [2], we can easily formulated subband 
weighting factor as: 
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)1()1()2()( 222 −+−−= tUtUtPtpw fffH  

[ ]21)1()()1()( +++−+ tUtPtUtP bffb  

)1()2()1( 222 +++++ tUtPtU bbb .        (1) 

When multiple-level MCTF is involved, weighting 
factors of each temporal subband can be derived in the same 
way but with an iterative calculation. 

B. Rounding Error 
Figure 2 shows some curves of subband weighting 

factors. We surprisingly observe that weighting factors vary 
with QP parameters. The reason is discussed in detail here.  
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Figure 2.  Subband weighting factors vary with QP in different levels 

The theoretical wavelet transform is analyzed and 
implemented with float precision. But in wavelet-base video 
coding, all the pixels are presented by integer. The error 
caused by rounding will accumulate from one level to 
another. If QP is larger, this kind of error accumulation is not 
obvious. It is why the actual weighting factors become more 
and more close to the theoretical value while QP is 
increasing. If using float precision in MCTF, we can observe 
that weighting factors almost remain constant and approach 
to the value we estimate using the equation (1). 

Let us introduce a model to compensate this mismatch on 
weighting factors. The coefficients quantized to zero play an 
important role in total distortion [3] [4]. After the 
quantization, we can calculate the percentage of zero 
coefficients and generate a model between the actual weight 
w  and the zero percentage ρ . As shown in the Figure 3, 
the observation is that the curve is approximately linear. 
Note that when 0.1=ρ , which means that all coefficients 
are quantized to zero, w  is close to the theoretical 
weighting factor pw . That is, the linear model must pass 
through the point [1.0, pw ]. Hence, we have the following 
model: 

pwkw +−⋅= )1(ρ , 

where k  is constant in every level. According to the 
statistic data, k =-0.36 in level 0, k =-1.31 in level 1, and 
k =-3.48 in level 2. 
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Figure 3.  The relationship between the zero percentage and the actual 

weight in different levels 

3. EXPERIMENTAL RESULTS 
Extensive experiments have been performed to verify the 

proposed models. The weighting factors calculated by the 
proposed models are compared with the theoretical data and 
the actual experimental data. Football and Mobile test 
sequences with QCIF format are used in the experiment. 
The software is JSVM2.0 [5] with 8 frames in a GOP and 
temporal level is 3. 

In the encoding process, we can obtain the accurate 
probabilities of forward, backward, bi-directional modes in 
predict and update steps and calculate the theoretical 
weighting fact from the equation (1). We can also get the 
zero percentage after the quantization to determine the linear 
model and compensate the mismatch between theoretical 
factors and actual ones. The final results are depicted in 
Figure 4. Compared with the theoretical data, the proposed 
model can achieve a better approximation. Furthermore, the 
estimated weighting factor has the similar trend as the 
actual. 
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(a) 

Mobi l e_Level 2( QCI F)
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(b) 

Figure 4.  Comparisons between different methods and the actual weight 
factors, (a) Football Level 1, (b) Mobile Level 2 

4. CONCLUSION 
This paper investigates how to accurately estimate 

subband weighting factors in wavelet-based scalable video 
coding. Firstly, a probability model is proposed to model the 
influence of different motion connections in MCTF. 
Secondly, the zero-coefficient percentage of each subband is 
presented to model the influence of accumulated rounding 
errors. The two proposed models greatly correct the errors 
on estimated subband weighting factors.  Experimental 
results show that they have the consistent trend with actual 
data.   
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