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Overview

Since the Fairfax meeting, we have been looking at improving the trade-off between complexity and subjective quality provided by the loop filter, in light of the changes that were accepted at that meeting, and stabilizing the filter by fixing bugs and inconsistencies. We have identified a few areas for potential improvement and thus are proposing a few minor modifications to the deblocking filter. In general, these modifications simplify the filter and remove some bugs/inconsistencies while improving or maintaining the quality of the current design.

We propose the following 4 modifications to the deblocking filter:

1. The need for re-introducing a constraint on the maximum size of the edge gap for using the strong filter has been identified previously. We propose that the strong filter will only be used if |p0 – qo| < ((α >> 2) + 2).

2. New tap weightings for filtering of P1 and Q1 with the strong filter. The new weights can provide a very minor complexity reduction, but more importantly, the visibility of blocking artifacts in smooth areas is noticeably reduced.

3. Simplified calculation of the clipping value, C, for delta in the default filtering of P0 and Q0 for chrominance. Reduces complexity of the default chroma filter by about 20% by removing unnecessary loads and calculations with no loss in quality.

4. Simplification of “Boundary Strength” computation and clipping tables. We propose that a single row clipping table is sufficient rather than having separate rows for clipping when Bs=1, 2, or 3. This saves memory, reduces the complexity of the strength computation and the access to the clipping tables, and simplifies the draft. There is no change in average PSNR values, while small subjective improvements are observed in some sequences through improved deblocking.

Description of Test Conditions

Common conditions results (plus additional sequences and QP-values) are given in an accompanying spreadsheet.  Since none of the changes resulted in any significant PSNR differences, we did not compute BD-SNR values, but instead refer to the average change over all sequences. The results have been generated using the JM 2.1 software, with addition of the two modifications that we proposed and were adopted at Fairfax [2]. The Real Networks dithering modifications [3] were not used, since opinions expressed on the loop filter reflector seem to be leaning in favor of their removal from the standard. However, we have also tested these new proposals with the Real modifications, and there is no significant change in performance.

Further, the new α-table proposed in an accompanying document, JVT-D038 [4], was used in generating test results for this document. Since this new α-table is being proposed to fix an inconsistency in the standard (growth of α should follow the growth of the quantization step size), we expect that this proposed table (or some close variation of it) will be accepted into the standard. If the α-table from the CD were to be used instead, it would have a small impact on the effectiveness of modification 1, since the proposed calculation of the maximum gap size for strong filtering is a function of α.

1. Maximum Gap Size Constraint for Strong Filtering

This was discussed briefly at the Fairfax meeting and on the reflector since then. With the loop filter described in the CD, the strong filter can still be used even when there is a relatively large gap across an edge, since the constraint preventing this was removed in our proposal at Fairfax [2]. After looking into this issue for various content, it seems that some constraint is needed to prevent over-filtering of natural edges. 

In prior versions of the filter, the strong filter was only used if the gap size was less than (QP >> 2), otherwise the default filter would be used. However, we do not want to introduce this type of switching between the two different types of filters since it would negate the largest complexity savings that were introduced in our proposal at Fairfax by again allowing switching between the two types of filters on a pixel level. Instead, the extra criteria must be added to conditions given 9-34 and 9-40 of the CD, so that switching is between the strong filter and the simple weaker Bs=4 filter.

Also, since the both the filters and the interpretation of the QP parameter have now been changed, we found that the previous gap size limit of (QP >> 2) could be improved upon. Figure 1 shows our proposed limit on the gap size, along with the current limit (α, “Alpha”) and the limit that existed in previous drafts (QP>>2). With the new filters, (QP >> 2) is too tight a constraint at the high QP end, resulting in too little filtering and obvious block artifacts. After extensive subjective testing at different QP values, we suggest that a good definition of the limit is ((α >> 2) + 2). It is intuitive that a good limit would be a function of α, since α is also compared against the size of the gap to determine whether filtering should take place at all. The values of this gap limit (GL) based on the α-table that were are proposing in [4]are shown in Table 1 below, for illustrative purposes. 

We propose the following changes to the conditions of 9-34 and 9-40 under Bs=4 filtering, using the a Boolean parameter that determines whether the gap is small enough to consider the strong filter:


small_gap = |p0 – q0| < ((( >> 2) + 2) 
The strong filter is applied to the upper/left side if:

ap < (  && small_gap
And the strong filter is applied to the lower/right side if:

aq < (  && small_gap
Otherwise, the corresponding weaker filters are used to modify P0 and Q0.

The addition of this criteria would add very little complexity to the existing filter. The need for some criteria to prevent overfiltering of natural edges that occur at macroblock boundaries is clear, and this particular criteria provides a good balance between too little and too much filtering. Also, this modification produces a small improvement in objective RD performance using the common conditions (+0.0009 dB [Y], +0.0187 dB [U], +0.0113 dB [V], -0.186 %bits). Since this modification only applies to intra-coded blocks, we also ran the common conditions with the addition of an intra-coded frame for each second of input video (e.g. IntraPeriod=10 with FrameSkip=2, IntraPeriod=30 with FrameSkip=0). This resulted in a slightly larger PSNR improvement (+0.0185 dB [Y], +0.0391 dB [U], +0.0296 dB [V], -0.113 % bits). 
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Table 1: Proposed gap size threshold for strong filtering
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Figure 1: Comparison of potential constraints on the maximum gap size for strong filtering

2. Modified Tap Weights for Strong Filtering of P1 & Q1
Currently, the tap weights for the filtering the left/upper (P) side of a boundary using the strong filter and the ratio of input weight from the left/upper and right/lower (Q) side of the boundary are the following:

     p3 p2 p1 p0 | q0 q1 q2 q3       p:q
P0:      1  2  2    2  1             5:3
P1:   1  2  2  2    1                7:1
P2:   2  3  2  1    1                7:1
P1 and P2 share the same ratio of input weight over the boundary, which reduces the ability of the filter to remove the visible blocking artifacts in smooth areas. We propose that the filter taps for P1 and Q1 should be modified, yielding the following filter:


     p3 p2 p1 p0 | q0 q1 q2 q3       p:q
P0:      1  2  2    2  1             5:3
P1:      2  2  2    2                6:2
P2:   2  3  2  1    1                7:1

With this change, the visibility of blocking artifacts in smooth areas (where the strong filter is used) is noticeably reduced. See Figure 2 on the following page for an example.

Therefore, we propose the following equations to replace equations 9-36 and 9-42, respectively, in the CD:

P1 = (p2 + p1 + p0 + q0 + 2) >> 2
Q1 = (p0 + q0 + q1 + q2 + 2) >> 2

If an implementer would prefer to have the same rounding and shifting as the other strong filter equations, this can equivalently be implemented as:

P1 = ((p2 + p1 + p0 + q0)<<1 + 4) >> 3
Q1 = ((p0 + q0 + q1 + q2)<<1 + 4) >> 3


In addition to the improved visual quality, this change may provide a very minor complexity reduction for some implementations. 

Note that we have also observed that the improved subjective quality of this modification also works well in combination with the dithering modifications proposed by Real Networks. In fact, the visual improvement provided by dithering seems to be slightly larger when our proposed strong filter is used. The visibility of blocking artifacts in smooth areas is reduced even more.

This minor change was presented on the loop filter reflector over a month ago, with the only feedback being supportive comments about the quality improvement.  Since the complexity is the same or less than the existing filter, we recommend that the modified filter be adopted.
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Figure 2: Tempete, CIF, QP=24. Current filter (top) and Proposed filter (bottom).
3. Simplified Calculation of the Clipping Values for Chrominance 

It was previously pointed out on the reflector and noted as an open issue in the ad-hoc group report at Fairfax that the calculation of the “C” value for clipping in the filtering of P0 and Q0 seems inconsistent and overly complex in the case of chroma filtering. The calculation of the "C" value for clipping of the change, Δ, in P0 and Q0 requires that ap and aq be computed:

ap = |P2-P0| < β

aq = |Q2-Q0| < β

Then C0 is incremented based these results to determine C:

C = C0 + ap + aq

These calculations currently must be performed for both luma and chroma filtering. However, in luma filtering, these calculations serve an important purpose.  For luma, P1 and Q1 are filtered only if ap and aq evaluate to true, while P1 and Q1 are never filtered for chroma. We’ve determined that for chrominance filtering, instead of doing these calculations, C can be defined with the basic relationship:

C = C0 + 1

With this small modification, there is no need to perform the calculations of ap and aq, and therefore no need to load P2 and Q2. This reduces the complexity of the Bs<4 chroma filtering by approximately 20%. This approximate value is based on counting the total number of required operations in the filtering, as well as analyzing optimized implementations on a media processor and a general-purpose processor. There is no reduction in quality, either objective or subjective, introduced by this simplification. (Average on common conditions: +0.0013 dB [Y], +0.0041 dB [U], -0.0069 dB [V], -0.024 %bits). 

4. Simplification of Boundary Strength Computation and Clipping Tables 

In the current filter, a boundary strength (Bs) computation is performed for each edge to distinguish between blocks that are intra coded on either side, have non-zero coefficients on either side, or a motion vector difference across the edge. Depending on Bs, the clipping value used to limit the effect of the filter might be different (strongest for intra with Bs=3, weakest for only motion vector differences, with Bs=1). 

Based on analysis that we’ve performed, the separation of the block edge strength, Bs, into strength = 1, 2, or 3 seems unnecessary. The only difference in the filtering of edges with these 3 different edge strengths is different clipping values. The motivation for having these differences in clipping is unclear, since an edge that is coded having only a difference in the motion vectors over the edge and no non-zero coefficients (Bs=1) could still have a block artifact as visible as at a Bs=2 or 3 edge (non-zero residual or intra coded blocks). These types of artifacts are most likely to occur with high QP values.

Through analysis and experiments following this line of thought, we’ve determined that the use of a single row in the clipping table for all of the different strengths can work as well as using the current 3 rows. The values in the single row clipping table that we are proposing lie between the values in the current rows for Bs = 2 and 3. The proposed table is given in Table 2 below. This change can results in improved subjective quality in some cases, though improved deblocking of large block artifacts at a Bs=1 edges. The average PSNR is not significantly affected over the common conditions (+0.0006 dB [Y], -0.0178 dB [U], +0.0016 dB [V], -0.003 %bits). 

In terms of complexity savings, this change saves some memory for storing the different rows, turns a 2D lookup into less frequent 1D lookup, and allows for simplifications in the strength computation, since there is no need to distinguish between Bs=1,2, or 3. The only decision is to filter or not. Another benefit of this change is that it will simplify the description of the loop filter in the standard.

The proposed C0 values are given in the table below:
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Table 2: Proposed single row clipping table
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