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Introduction

The subject of this contribution is the behavior of the loopfilter when MB-level adaptive field frame (MB-AFF) decisions are enabled.

In the FCD (JVT-D157), the loopfilter operation with MB-AFF enabled was reasonable but not without problems. It is quoted below. However in Geneva this was changed; the reasons are not clear. With this change, the specification is ambiguous, and moreover, applying the commonly understood interpretation, the loopfilter operation that is worse than the behavior of the FCD version. The only reason we can find for such a change is the wording in JVT-E162, which is different, and which is quoted below.

We propose a definition of the MB-AFF loopfilter operation that corrects the problems introduced in the November 2002 version of the document, while also addressing the concern that was apparently raised in Geneva regarding the FCD version, and while providing better video quality than either with equal or less complexity, depending on one’s definition.

We strongly urge the committee to either adopt this corrected and improved MB-AFF loopfilter definition, or if not, at least revert to the FCD version which was better than the current version.

Background

In the FCD, the relevant text concerning loopfilter operation when MB-AFF is enabled read:

"When mb_adaptive_frame_field_flag = 1, a MB may be coded in frame or field decoding mode. For frame MB, deblocking is performed on the frame samples. In this case, if neighbouring MB pairs are field MBs, they shall be converted into frame MB pairs (Figure 8-3) before deblocking. For field MB, deblocking is performed on the field samples of the same field parity. In this case, if neighbouring MB pairs are frame MBs, they shall be converted into field MB pairs (Figure 8-3) before deblocking."

This method has a number of problems. In the case of a frame MB and the neighboring MBs are field coded, this says that the field coded MBs are “converted into frame MB pairs”. This means that the lines from the two different fields are interleaved together as if they were from one frame which represents one instant in time, which in fact is incorrect. When lines of two different fields are interleaved and filtered together, the filter tends to cause blurring between the fields. It is a reasonable assumption that the encoder chose field coding for the neighboring MBs because it determined that there is inter-field motion; therefore it is reasonable to expect inter-field blurring caused by this filter.

When the current MB is field coded and the neighboring MBs are frame coded, they are “converted into field MB pairs”. This causes another problem, since a 4x4 sub-block within a frame MB, when it is converted into a field MB structure, covers only 2 lines. As a result, a deblocking filter that has an extent of 3 or more pixels on each side of the boundary between MBs would require changing pixels beyond the boundary sub-block an extra time after the result of their normal filtering.

The (only) relevant wording from JVT-E162, the cited contribution, is:

“When mb_adaptive_frame_field_flag = 1, deblocking is performed on the frame samples.”

The most recent version of the AVC draft Standard, JVT-E146, replaces the FCD language with the following:

"When mb_adaptive_frame_field_flag is equal to 1, all macroblock pairs are assumed to be reconstructed within the frame independent of the mb_field_decoding_flag."

First of all, this is ambiguous. However, we can state what the committee members think it should mean, and what the latest JM software does. That interpretation is as follows: 

“All MBs are logically converted into frame order before deblocking, regardless of whether the MBs are field coded or frame coded.”

This is even more problematic than the version above in the FCD. In the E146 version, with all field coded MBs being combined into frame order and filtered in frame order, there is a large degree of inter-field blurring. When there is motion in the video there tends to be large differences between successive fields, particularly at the edges of objects, and this is one of the main reasons an encoder would choose field coding for MBs. Where there are large differences between successive fields, and the top and bottom fields located at one MB pair are combined into one frame, there are large differences between successive lines within the resulting combined MB, even if there are little or no differences between lines within any given field MB and even if there are no blocking artifacts in any one field. These differences between lines that are artificially induced by the conversion of field MB pairs into frame MB pairs causes the deblocking filter to work to reduce those differences and cause blurring from one field to the next, thereby tending to defeat the advantage of choosing field coded MB pairs in the first place.

A preferred solution is given below, after the simulation results. Basically the proposal is to perform loopfiltering across edges using MBs from the same sampling time (field or frame) to the extent this is possible.

Experimental Results

We have performed experiments to illustrate the problems with the frame sample based deblocking filtering algorithm specified in the DIS document (JVT-E146d37ncm.doc) and frame or field sample based deblocking filtering algorithm as specified in AVC/JVT FCD (JVT-D157.doc). For simplicity and clarity, a synthetic picture is created as shown in Figure 1(a) (Detail, enlarged) to show the problem in the vertical direction.  A (relatively white) object is moving from one position, in the top field, to a different position in the bottom field. Each white or black line corresponds to a pixel line. The object is located at super-macroblock horizontal boundaries.. The MB pairs containing the object are assumed to be coded in field mode and the MB pairs above them are assumed to be are coded in frame mode.  This reasonably approximates what a high quality encoder would do. 

Note that in this experiment only the top edge of the MB is near the edge of the moving object. That is the reason why only the top edge is affected in the images shown below. The reason the object appears to be larger in some cases that in others is that the deblocking filter operation blurs the edges across various numbers of pixels.

When the block strength is 4 and QP values are high (in this example, QP or Filter_Offset_A/B  is assumed to be high enough so that the conditions (8-88) and (8-93) in DIS both hold. Filtering based on equations (8-89), (8-90), (8-91), (8-94), (8-95) and (8-96) shall be applied at the macroblock boundaries. And the filtering is based on the frame samples in DIS. The filtered result is shown in Figure 1(b) (detail, enlarged). It can be seen that severe artifacts have been introduced. This loop filtering not only smoothes out the block boundaries but also blurs the motion between the two fields.

The FCD suggests filtering based on the field samples in this case and the MB pair above is re-arranged so that the same parity field-based samples are used in filtering fro each field MB. The filtered result is shown in figure 1(c). It can be seen that the object height is extended significantly and undesirably in each field while the MB edges are smoothed.

The result of the proposed method is shown in figure 1(d). In this method, the samples in the current MB pair are used in field mode, and the samples of the above MB pair are used in frame mode. It can be seen the MB boundaries are smoothed out, the motion between the two fields is much less blurred compared to figure 1(b), and the object height is extended similarly as in figure 1(b) and to a much less degree compared to figure 1(c).
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(a) Input frame (detail)
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(b) Deblocked frame, DIS (detail)
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(c) Deblocked frame, FCD (detail)
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(d) Deblocked frame, proposed (detail)

Figure 1 Experimental results for different deblocking methods
Proposed Solution

Horizontal Edges

The operations of deblocking across horizontal edges, i.e. the edges between vertically adjacent MBs, should be performed following these principles:

1. Filtering is performed between vertically adjacent MBs that are considered to be sampled at the same time, wherever possible. 

In the case of two adjacent field coded MB pairs, the top field MBs from the adjacent MB pairs are filtered together, and separately the bottom field MBs from the adjacent MB pairs are filtered together. Note that the MBs that are adjacent in the same field are not adjacent in the MB pair data structure implied by the JVT specification. 

In the case of two adjacent frame MB pairs, each MB is filtered with the directly adjacent MB. MBs that are adjacent within the same MB pair and in separate, adjacent MBs are considered to have been sampled at the same time since they are all frame coded and part of the same frame.

2. In cases where adjacent MB pairs are not of the same type i.e. field vs. frame, the sampling time of each of the fields in a field MB pair are not considered to be the same sampling time as that of the frame in an adjacent frame MB pair, however a close approximation to the same sampling time is used for filtering. For example, when one MB pair is frame coded and the adjacent MB pair is field coded, the frame represented in the frame MB pair can be considered to cover the sample times of both the top field and bottom field of the adjacent field MB pair. 

The MB within the frame MB pair that is nearer to the field MB pair is used for filtering with the adjacent edge of both the top field MB and the bottom field MB within the field MB pair.

Specifically, this leads to the following specification for the treatment of horizontal edges. The proposed revised text reads: 

"When mb_adaptive_frame_field_flag = 1, a MB may be coded in frame or field decoding mode. 

Horizontal edges between blocks are filtered as follows. 

In the case of a frame MB  adjacent to another frame MB, whether in the same MB pair or a different MB pair, deblocking is performed on the frame samples, i.e. across the boundary between adjacent frame MBs as they appear in the frame structure. 

Deblocking is never performed across the boundary between field MBs of opposite field polarities.

In the case of a field MB pair adjacent to another field MB pair, deblocking is performed across the boundaries between field MBs of the same field polarity. 

In the case of a field MB pair with a frame MB pair above it, deblocking is performed across the boundary between the top field MB of the field MB pair and the lower frame MB of the frame MB pair above it, and then deblocking is performed across the boundary between the bottom field MB of the field MB pair and the lower frame MB of the frame MB pair above it.

In the case of a frame MB pair with a field MB pair above it, deblocking is performed across the boundary between the upper MB in the frame MB pair and the bottom field MB in the field MB pair above it. Deblocking is also performed across the boundary between the upper and lower MBs in the frame MB pair.”

Notes:

1. The cases of frame MBs adjacent to frame MBs, and of field MBs adjacent to field MBs, are unambiguously correct.

2. The case of a field MB pair with a frame MB above it leads to filtering the bottom edge of the lower frame MB twice. While other options are available, such as filtering with only one field MB, or filtering only with the field MB that is more similar to the frame MB, we believe this specification achieves the best overall results without adding any complexity. An acceptable alternative would be not to filter the boundaries between either field MB and the frame MB above them, but the proposed method is preferred because of its symmetry.

3. The case of a frame MB pair with a field MB pair above it leads to filtering the bottom edge of the bottom field MB and not the top field MB in the field MB pair. The choice of which field MB to use is arbitrary from an image quality point of view and this choice is closest to the conventional frame picture interpretation. Filtering with both field MBs would increase complexity. A suitable alternative would be not to filter the boundaries between the upper frame MB and either field MB above it.

4. The re-arrangements of lines are purely logical. They do not specify the implementation and do not necessarily require any data movement.

5. Note that when the current MB pair mode is different from its upper neighbor’s mode, the proposed method also requires less memory accesses compared the FCD method.

Vertical Edges

The treatment of vertical edges may be obvious, however to be complete it is covered here:

Vertical edges are between horizontally adjacent MBs and they are filtered in the horizontal direction by the deblocking filter. The proposed revised text reads:

"Vertical edges between blocks are filtered as follows. 

In the case of a frame MB adjacent to another frame MB, deblocking is performed on the frame samples, i.e. across the boundary between adjacent frame MBs as they appear in the frame structure. 

Deblocking is never performed across the boundary between field MBs of opposite field polarities.

In the case of a field MB pair adjacent to another field MB pair, deblocking is performed across the boundaries between field MBs of the same field polarity.

In the case of a frame MB pair with a field MB pair to the left of it, the lines of the field MB pair are logically reordered into frame order and deblocking is performed across the boundaries between the frame MBs in the frame MB pair and the result of the reordering from the field MB pair.

In the case of a field MB pair with a frame MB pair to the left of it, the lines of the frame MB pair are logically reordered into field order and deblocking is performed across the boundaries between the field MBs in the field MB pair and the result of the reordering from the frame MB pair.”

Notes:

1. This is a long way of saying that deblocking across vertical edges is exactly what one would expect conventionally from the MB pair structure without special considerations, except in the cases of a frame MB pair with a field MB pair to its left or a field MB pair with a frame MB pair to its left.

2. These logical re-arrangements do not cause inter-field blurring, unlike the problem with filtering horizontal edges after a similar re-arrangement.

3. The re-arrangements of lines are purely logical. They do not specify the implementation and do not necessarily require any data movement.

Summary

The proposed corrected and improved definition of deblocking in the case of mixed field and frame MBs should be adopted.

If for any reason it is not, the JVT/AVC/H.264 specification should revert to the FCD version.
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