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History:  In Fairfax the proposal JVT-C115r3 ‘Reduced Decoder Peak Bus Bandwidth’ was made for temporal direct-mode such that block-sizes in bi-predictive blocks would be forced to at least 8x8 in size. Tests under common conditions were made showing (in JVT-C115.xls) extremely small loss for an accompanying significant reduction in peak decoder bus bandwidth due to a reduction in the maximum number of differing motion vectors required for motion compensation. The meeting report JVT-D002d3.doc proposed the action that verification would be performed and the issue concluded at Klagenfurt.

At the Klagenfurt meeting the results were verified and presented in the Microsoft document JVT-D040.xls. Due to increased concern about performance of the JVT codec on HDTV material at that meeting, the adhoc group `Level Constraints’ co-chaired by Yagasaki-san of Sony and myself was formed and within its mandate was the selection and provision (by Sony) of HD interlaced sequences for the verification of the modified temporal direct mode proposal.

RESULTS:

Document JVT-E012.doc (adhoc report) and JVT-E037.xls (accompanying document to this) demonstrate that the results that were seen on prior JVT common conditions for the reduced complexity temporal direct-mode proposal (that while greatly reducing complexity, degradation of compression and quality is almost ZERO) was confirmed again on HDTV sequences that were specifically selected by Sony to have a very large number of 4x4 blocks in the P-frames, to stress the new direct mode as much as possible.
In conclusion, we propose that the TEXT that follows for the new temporal direct mode be adopted by JVT as the benefit toward decreasing decoder complexity is well understood, and verification of almost ZERO degradation has now been confirmed not only for JVT common conditions, but also for stressful HD sequences.

JVT TEXT:
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(**N.B. Optional additional figure. Not required for the text, but in addition to Figure 6-5, it may make things clearer.**)

Figure 10-x –Double-dashed border to indicate each ‘corner’ 4x4 block of each co-located 8x8 sub macroblock, from which each temporal direct-mode 8x8 sub macroblock derives its motion vectors.
10.3.3.2 Temporal technique of obtaining the direct mode motion parameters

In the temporal technique direct mode the same  macroblock structure as for the co-located macroblock of the first picture (the picture at index 0) in list 1 is used; however, the same sub macroblock structure is not used. In particular, 8x8 sub macroblocks are not partitioned and tree structured subdivision of sub macroblocks does not occur. Instead, for each  8x8 sub macroblock of the current macroblock, the list 0 and list 1 motion vectors are computed as scaled versions of the list 0 motion vector of the co-located 8x8 sub macroblock’s 4x4 corner block in the list 1 reference picture as described below. The corner 4x4 block of an 8x8 sub macroblock is defined to be the 4x4 block with the same relative decode number (see Figure 6-5) as the 8x8 sub macroblock in which it is contained. That is, the lower-left 4x4 block within the lower-left 8x8 sub macroblock is its corner 4x4 block.  In a similar way, the motion vectors of the lower-right 8x8 sub macroblock are computed as scaled versions of the motion vectors of the lower-right 4x4 block contained within the co-located lower-right 8x8 sub macroblock.   
The list 0 reference picture for the direct mode current block is the same as the list 0 reference picture used for the co-located block in the list 1 reference picture. The list 0 and list 1 motion vectors for direct mode macroblocks are calculated differently depending on whether picture_struct and the reference indicate fields or frames. Also if the list 1 co-located macroblock is an intra-coded block, the motion vectors are set to zero, and the list 0 reference picture for the direct mode is the most recent temporally preceding stored picture.

With possible adaptive switching of frame/field coding at picture level, a B frame or its list 1 reference frame can be coded in either frame structure or field structure. Hence, there are four possible combinations of frame or field coding for a pair of a macroblock in the current B picture and its co-located macroblock in the list 1 reference picture. Calculations of the two motion vectors in direct mode are slightly different for the four cases.

Case 1: Both the current macroblock and its co-located in the list 1 reference picture are in frame mode, as shown in Figure 10‑3. The list 0 reference for each block within the current macroblock is the same as the list 0 reference of the co-located block in the list 1 reference picture. Two motion vectors (MVF, MVB) are calculated by 

Z = (TDB  ( 256)/ TDD

 MVF = (Z ( MV +128) >> 8
W= Z – 256



MVB = (W( MV +128) >> 8

where TDB  is the temporal distance between the current B frame and the list 0 reference frame, and TDD is the temporal distance between the list 1 reference frame and the list 0 reference frame (see Figure 10‑3). 

In the case that the co-located block in the list 1 reference frame has a list 0 motion vector pointing to a long-term frame, the list 0 and list 1 motion vectors for the direct mode current block are calculated by

MVF = MV 

MVB = 0
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Figure 10‑3 – Both the current block and its co-located block in the list 1 reference picture are in frame mode (f0 and f1 indicate the corresponding fields)

Case 2: Both the current macroblock and its co-located macroblock in the list 1 reference picture are in field mode. Two motion vectors for each block within the current macroblock are calculated from the list 0 motion vector of the co-located block in the list 1 reference field of the same parity. 

For field 0, the list 0 motion vector of the co-located block will always point to one of the previously coded list 0 fields, as shown in Figure 10‑4. The list 0 reference field for the direct mode block will be the same as the list 0 field of the co-located list 1 block, and the list 1 reference field will be field 0 of the list 1 reference frame. The list 0 and list 1 motion vectors (MVF,i, MVB,i) for the direct mode block are calculated as follows:

Z= TDB,i ( 256/ TDD,i              MVF,i = (Z ( MVi +128) >> 8

W = Z – 256                      MVB,i = (W( MVi +128) >> 8

where the subscript i is the field index (0 for the 1st field and 1 for the 2nd field), and MVi is the list 0 motion vector of the co-located block in field i of the list 1 reference frame. TDB,i is the temporal distance between the current B field and the list 0 reference field.  TDD,i is the temporal distance between the list 1 reference field and the list 0 reference field.

For field 1, the list 0 motion vector of the co-located list 1 block may point to one of the temporally previous coded fields, in which case calculation of the list 0 and list 1 motion vectors follows the same equations as above.

However, it is also possible that the list 0 motion vector of the co-located block in field 1 of the list 1 reference frame points to field 0 of the same frame, as shown in Figure 10‑5. In this case, the two motion vectors for field 1 of the direct mode current block are calculated as follows:

Z = -TDB,1 ( 256/ TDD,1          MVF,1 = (Z ( MV1 +128) >> 8

W = Z – 256                              MVB,1 = (W ( MV1 +128) >> 8
Note that both motion vectors are now pointing to field 0 and field 1 of the list 1 reference frame respectively. 
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Figure 10‑4 – Both the current macroblock and its co-located macroblock in the temporally subsequent picture are in field mode.

In the case that the co-located block in the list 1 reference field has a list 0 motion vector pointing to a long-term field, the list 0 and list 1 motion vectors for the direct mode are calculated by

MVF,i = MVi 

MVB,i = 0 
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Figure 10‑5 – The list 0 motion vector of the co-located block in field 1 of the list 1 reference frame may point to field 0 of the same frame.

Case 3: The current macroblock is in field mode and its co-located macroblock in the list 1 reference picture is in frame mode, as shown in Figure 10‑6. Let ycurrent and yco-located be the vertical indices of the blocks in the current macroblock and in its co-located macroblock respectively. Then, yco-located = 2 ( ycurrent. The blocks in the current macroblock and its co-located macroblock have the same horizontal indices. The list 0 reference field is the same-parity field of the list 0 frame, and the list 1 reference field will be the same-parity field of the list 1 reference frame as shown in Figure 10‑6.
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Figure 10‑6 – The current macroblock is in field mode and its co-located macroblock in the list 1 reference picture is in frame mode

The motion vectors of a direct mode block are calculated from the list 0 motion vector of the co-located block in the list 1 reference frame as follows:

Z = TDB,i ( 256/ TDD                          MVF,i = (Z ( MV +128) >> 8

W = Z – 256
MVB,i = (W( MV +128) >> 8

In the case that the block in the list 1 reference frame used for the direct mode motion vector calculation has a list 0 motion vector pointing to a long-term picture, the list 0 and list 1 motion vectors for the direct mode are calculated by

MVF,i = MV 

MVB,i  = 0 

Case 4: The current macroblock is in frame mode while its co-located macroblock in the list 1 reference picture is in field mode, as shown in Figure 10‑7.  Let ycurrent and yco-located be the vertical indices of the blocks in the current macroblock and in its co-located macroblock respectively. Then, yco-located = ycurrent / 2. The blocks in the current macroblock and in its co-located macroblock have the same horizontal indices. The two fields of the co-located block in the list 1 reference may be coded in different modes. Since field 0 of the list 1 reference is temporally close to the current B picture, it is used in calculating the motion vectors and determining the references for direct mode current blocks as shown in Figure 10‑7. 

Two frame-based motion vectors of direct mode block are calculated as follows:

Z= TDB ( 256/ TDD,0                          MVF = (Z( MV0 +128) >> 8

W = Z – 256                                      MVB = (W( MV0 +128) >> 8
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Figure 10‑7 – The current macroblock is in frame mode while its co-located macroblock in the list 1 reference picture is in field mode. 

In the case that the block in the list 1 reference field used for the direct mode motion vector calculation has a list 0 motion vector pointing to a long-term picture, the list 0 and list 1 motion vectors for the direct mode are calculated by

MVF  = MV0
MVB  = 0 

Ed.Note: I don’t understand the following sentence. More explanation maybe needed here. This appears to indicate that if the co-located macroblock is in field, then also field mode should be used for the current macroblock/block. Considering though that AFF is done in pairs of macroblocks, is somehow the whole group forced to be in the same mode as its co-located? This is what this seems to indicate.] When mb_frame_field_adaptive_flag  = =  1, the current direct-mode macroblock is in the same frame/field coding mode as its co-located macroblock.
_1090421557.vsd
f0�

f1�

f1�

f0�

f1�

f0�

TDD,1�

TDB,1�

MV1�

Time�

MVF,1�

MVB,1�

......�

......�

current block�

co-located block�

List 1 Reference�

List 0 Reference�

Current B�


_1090423742.vsd
f0�

f1�

f1�

f0�

f1�

f0�

�

TDD,0�

TDB�

MV0�

Time�

MV2F=MV1F�

......�

......�

block 1 at (ycurrent,x)�

block (ycurrent / 2,x)�

List 1 Reference�

List 0 Reference�

Current B�

�

MV1B�

block 2 at (ycurrent + 1,x)�

�

�

MV1F�

MV2B=MV1B�


_1094299105.doc











































































































































































































































































































































































































_1090421559.vsd
f0�

f1�

f1�

f0�

f1�

f0�

TDD�

TDB,0�

MV�

Time�

MVF,0�

MVB,0�

......�

......�

block at (2�ycurrent,x)�

blocks at (ycurrent,x)�

List 1 Reference�

List 0 Reference�

Current B�

MVB,1�

MVF,1�


_1090421556.vsd
f0�

f1�

f1�

f0�

f1�

f0�

TDD�

TDB�

MV�

Time�

MVF�

MVB�

......�

......�

current block�

co-located block�

List 1 Reference�

List 0 Reference�

Current B�


