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1. Overview

This document presents an alternative update operator, aka. Energy Distributed Update [3], for JSVM [1]. Update operator plays an important role in the lifting implementation of MCTF and can improve the coding performance significantly. Most update schemes proposed up to now focus on the inversion of the motion field obtained in the prediction step. Given the fact that not all motion vectors in the update step can be correctly derived from those in the prediction step, the inherent mismatch in these schemes may lead to potential loss of coding performance. The one adopted by JSVM 1.0 [2] follows the same principle by inversing the motion vector with maximum cover ratio for each 4x4 block. An adaptive weight is also applied to reduce potential visual artifacts and improve objective quality for low frame rate sub-sequences. However, this update algorithm requires two steps: first, the motion field obtained in the prediction step is scanned to derive the inverse motion field; then, the update component is obtained by motion compensation. Moreover, the application of adaptive weighting requires additional computation.

The update operator proposed in this document circumvents the step of inversing the motion field and enables deriving the update component by one scan of the motion field used in the prediction step. For the same purpose with applying adaptive weighting, simple thresholds are used instead. The implementation issues are addressed in section 2 and section 3 gives experimental results.

2. Implementation of Energy Distributed Update in JSVM

The motivation of Energy Distributed Update is introduced in [3]; here we only describe the corresponding algorithm implemented in JSVM 1.0. We denote the pixel value at position 
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 in the 
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 frame of decomposition level 
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 as
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where 
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 is the GOP size. Then the prediction step for Haar wavelet (unidirectional prediction) can be expressed as
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For 5/3 wavelet (bidirectional prediction), we have
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where 
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 are the forward and backward motion vectors at position
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, respectively. As an extension of H.264, JSVM uses the same spatial interpolation filters. Therefore, the prediction step for Haar wavelet can be further expressed as
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while for 5/3 wavelet, we have
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where 
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 represents all the pixels at integer sampling positions in the 
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 are the corresponding interpolation coefficients determined by 
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. Actually, these coefficients are non-zero only at a small neighborhood of 
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Using Energy Distributed Update, the update operator is formulated as follows,
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Here we use a simple example to shed light on the above equation. Assuming simple bilinear interpolation filter is used, according to Fig. 1, we have
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Then from the viewpoint of Energy Distributed Update, 
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Figure 1. An example of proposed update operator.
For the proposed update operator, the update component is
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In order to reduce potential visual artifacts and improve objective quality for low frame rate sub-sequences, a positive decomposition level adaptive threshold 
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 is applied on the update component. Therefore, the actual update component is
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and the low-pass frames are ultimately obtained by
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The above derivation of update component can be easily extended to the situation of multiple references.

In our implementation, those non-zero coefficients 
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 are obtained by a small look-up table derived from the 6-tap filter used in H.264, while the thresholds can be transmitted as sequence or picture parameters with negligible influence on the overall bit rate. Note that other simple interpolation filter (e.g. bilinear filter) can also be used to get the look-up table, which may further reduce the computational complexity.

3. Experimental Results

We modified JSVM 1.0 and ran most of the Palma test points [4] using the configuration files provided along with the reference software. The experimental results are demonstrated in the accompanying datasheet (JVT-O030.xls).

The preliminary results clearly show that the proposed update operator, which is of less complexity than the current one in JSVM 1.0, can achieve small improvement on the quality of the luminance component of many test sequences. Among the four CIF sequences, “Bus” and “Mobile” enjoy constant gain, which reaches 0.1 – 0.15 dB at high bit rate; the performance on the other two is almost the same with the current update operator. In addition, from the per-frame PSNR curves of “Bus” and “Mobile” (also included in the datasheet), we observe that the proposed update operator significantly reduces quality fluctuation, which is apparently more appealing to human visual system. However, despite the gain achieved on the luminance component, we also notice that the quality of the chrominance components of the two 4CIF sequences suffers from minor loss. This may be due to the relatively high thresholds used in testing and requires further investigation.

4. Conclusion

In this document, an alternative yet effective update operator is presented. In comparison with the  current update operator in JSVM 1.0, the complexity of the proposed one is just equal to the motion compensation step in the current scheme, while that of collecting connection data for inversing motion field (which requires additional memory for storing connection data and motion vectors) and computing adaptive weight is totally eliminated. The preliminary experimental results, especially those obtained from the four CIF sequences, demonstrate the prospect of the proposed update operator by showing that with reduced computational complexity, the proposed update operator is still able to achieve higher or at least similar performance on most sequences, while at the same time, reduce quality fluctuation.
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