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1 Introduction

The current decoder can be quite demanding in terms of the worst-case bus bandwidth required to be compliant in all cases. This proposal suggests a solution to reduce the system cost of a compliant decoder by reducing the worst-case bus bandwidth. Physical memory performs best when accessed in a regular fashion. To reduce bus bandwidth, accesses to non-local (reference-frame) memory for motion compensation should be as regular as possible.   In the current JM, the main concern is the maximum number of small blocks that must be accessed in order to motion compensate a given macroblock.  Physical memory may be structured to perform efficiently for something as regular as an individual block access; however, as the total number of block accesses increases and block size decreases, overhead (such as wastage due to minimum access unit sizes) increases unavoidably.  The total number of pixels moved across the bus is increased by the additional overhead of the extra “border” reference memory that must accompany each block in order to do 6-tap sub-pixel interpolation for each referenced block.  Our proposal is a solution to reduce the maximum total number of block accesses without affecting the rate-distortion performance of the current JM.

2  Method

The worst-case motion compensation for the current JM is sixteen 4x4 motion-compensated sub-blocks in direct or bi-direct mode in a B-frame, each requiring 6-tap interpolation. We propose to reduce the worst-case number of block accesses in half by restricting bi-directional mode to only use sub-blocks larger than 4x4, and by using half the number of direct mode motion vectors when motion compensation of 4x4 blocks is used in the temporally subsequent co-located macroblock. (the worst case number of motion vectors per MB is halved).

Under the common conditions of VCEG-N81, restricting the bi-directional mode to not use 4x4 blocks causes virtually no change in bitrate or distortion, as this mode is almost never used. Even when direct mode is restricted to also use at most two motion vectors from each sub-block of the temporally subsequent MB to derive the direct mode vectors, the total change is less than .08% delta Bjontengaard change in bitrate (.004 dB Bjontengaard delta PSNR) for the worst case sequence used in the common conditions.

In our proposed (very low-complexity) method direct mode is only modified when the temporally subsequent co-located macroblock contains 8x8 sub-partitions with either 4 motion vectors (compensating 4x4 blocks), or two motion vectors (compensating 4x8 (height x width) blocks) . For each of these sub-partitions direct mode motion vectors are derived from only those motion vectors that border either the top or bottom edge of the macroblock. In effect, the motion vectors of the 4x4 sub-blocks that are “interior” (do not border the top or bottom macroblock edge) are replaced with the motion vectors of the other 4x4 sub-block that is within the same 8x4 sub-block for the purpose of deriving the motion vectors of the direct mode macroblock. This is demonstrated diagrammatically in Figure 1.
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Figure 1: Replacement of “vertically interior” 4x4 sub-block motion vectors from the temporally subsequent co-located (16x16 pixel) MBor the purpose of derivation of direct mode motion vectors for 8x4 sub-blocks in the derived direct mode block.
This low-complexity direct mode motion vector derivation can be interpreted as having two effects in terms of the effective partitioning of direct mode 8x8 sub-blocks:

1) a 4x4 sub-partitioning effectively becomes a 8x4 “direct mode partitioning”

2) a 4x8 sub-partitioning effectively becomes a 8x8 “direct mode partitioning”
Although only item 1) is required to reduce peak bandwidth, the algorithm that we use is very simple to implement (see appendix A) and was found to have extremely little impact on the rate-distortion performance under common conditions, over implementing only 1).

Note that other derivations are possible. For example, the rate-distortion performance is not significantly affected if replacement is horizontal, rather than verticle (the verticle case is slightly better on the common conditions, though).  However, if the entire bi-directional or direct 8x8 subblock must use only one forward and one backward motion vector (Figure 2), then RD performance is decreased noticeably (by about 1% GDPSNR).  The reason Figure 2 is superior to other possible choices of MVs, is believed to be that these MVs furthest from the center of the MB are most likely to represent the motion of the individual objects that are separated within a sub-divided MB.
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Figure 2: New Direct-mode inheritance of MVs from co-located MB for profiles with no B-blocksizes smaller than 8x8..
3 Results & Conclusion

Complete results are present in the accompanying document JVT-C115.xls.

In summary, our proposed solution has virtually no impact on the rate-distortion performance of the JM1.9 codec for the common test conditions, while reducing the worst case total number of block accesses by half.We propose that the solution of Figure 1 is adopted into the standard as a BUGFIX for profiles that limit B-blocks to blocksizes of greater than 4x4, and that the method of Figure 2 is adopted into the standard for profiles that limit B-blocks to blocksizes of at least 8x8.
Appendix A

To implement the new direct mode (Figure 1) in JM1.9, change the code of mv-search.c:

void

Get_Direct_Motion_Vectors ()

{

  
int  block_x, block_y, pic_block_x, pic_block_y;

  
int  refframe, refP_tr, TRb, TRp, TRd;

for (block_y=0; block_y<4; block_y++)

  
{

    

pic_block_y = (img->pix_y>>2) + block_y; ///*** old method

for (block_x=0; block_x<4; block_x++)

  
{



pic_block_x = (img->pix_x>>2) + block_x; ///*** old method

to:

void

Get_Direct_Motion_Vectors ()

{

  
int  block_x, block_y, pic_block_x, pic_block_y;

  
int  refframe, refP_tr, TRb, TRp, TRd;

  
for (block_y=0; block_y<4; block_y++)

  
{

    

pic_block_y = (img->pix_y>>2) + ((block_y>=2)?3:0); //*new:no4x4

for (block_y=0; block_y<4; block_y++)

  
{

    

pic_block_x = (img->pix_x>>2) + ((block_x>=2)?3:0); //*new:no<8x8

To implement no 4x4 bi-directional subblocks in JM1.9, change the code of rdopt.c:

void

encode_one_macroblock ()

{

…

                  //--- get prediction direction ----

if      (fw_mcost<=bw_mcost && fw_mcost<=bid_mcost)    {best_pdir = 0;  cost = fw_mcost; }

else if (bw_mcost<=fw_mcost && bw_mcost<=bid_mcost)    {best_pdir = 1;  cost = bw_mcost; }

else                                                {best_pdir = 2;  cost = bid_mcost;}

to:
void

encode_one_macroblock ()

{

…

            //--- get prediction direction ----

if (fw_mcost<=bw_mcost && (mode==7||fw_mcost<=bid_mcost))    {best_pdir = 0;  cost = fw_mcost; }

else if ((mode==7)||(bw_mcost<=fw_mcost&&bw_mcost<=bid_mcost))    {best_pdir = 1;  cost = bw_mcost; }

else              

      {best_pdir = 2;  cost = bid_mcost;}
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