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1. Introduction

In the 8x8 partitioning mode, an 8x8 block can have one 8x8, two 4x8, 8x4 or four 4x4 vectors. The current H.26L profile@level definition allows the minimum vector block size down to 4x4. Therefore, in the worst case a macroblock can have sixteen 4x4 vectors. Since there is no restriction on the vector spread-out, those vectors can point to anywhere in the reference pictures. For the hardware/software implementation, this is a big challenge especially on the decoder side. Because in the worst case a decoder has to load in total 48 (3 x 16) reference blocks for the luma and chroma motion compensation.   

One typical example is on DSPs, in which reference pictures are stored in the off-chips memory. DMAs are normally used for loading the reference blocks from off-chip to on-chip memory. Time spent on the DMA transfer has two parts: the cycles used for the DMA setup and issuing the DMA request, and the cycles consumed by DMA data transfer itself. Running the DMA transfer in background can normally hide the later part of time, but not the time spent on DMA setup. The DMA setup leads to a significant overhead for a video decoder if there are too many blocks to be transferred for a macroblock. For example, in the worst case the DMA setup overhead alone on 100 MHz DSPs amounts to around 20-23% of total cycle budget for 30 frame/s CIF size decoding.
Another problem is the high number of DMA channels required. Having the “unrestricted” 4x8, 8x4, 4x4 vectors in the 8x8 partitioning mode requires in total 48 DMA setups in the worst case, and a maximum of 48 DMA channels to enable a full background DMA reference block transfer. For platforms with limited amount of DMA channels, 48 DMA channels might not be available, a full background DMA transfer is then impossible. Consequently, the overhead spent on DAM setup and data transfer can greatly decrease the decoder performance.

2. Proposed Restriction

There are three ways to resolve the problem addressed above:

· Restrict the minimum vector block size to 8x8

· Put a cap on the maximum percentage of sub-8x8 vectors per frame

· Constrain the reference blocks for motion compensation of an 8x8 block into a box area with reasonable size.

Removing all sub-8x8 vectors might not be a good idea because it could affect visual quality and coding efficiency. However, it is worth looking at the possibility of imposing a cap on maximum percentage of sub-8x8 vectors.  Table 1 lists the percentage of sub-8x8 vectors over the H.26L common test sequences measured under the common test conditions [2] with JM4.1. As shown in Table 1, the percentage depends on both the picture content and bit-rate. The percentage is higher at high bit-rates (low QPs) and varies from sequence to sequence.  Therefore, it is hard to choose a reasonable cap.

Table 1. Percentage of sub-8x8 vectors on the H.26L common test sequences

QP
container
foreman
mobile
news
paris
silent
tempete

28
2.813%
11.215%
12.236%
6.462%
20.500%
5.432%
11.117%

32
1.693%
5.131%
7.979%
3.930%
4.986%
2.372%
5.565%

36
0.866%
1.796%
3.843%
2.032%
2.662%
0.801%
1.830%

40
0.268%
0.482%
1.542%
0.756%
0.938%
0.185%
0.488%

In order to limit the number of reference block transfers per macroblock in the motion compensation, we propose to impose the following restriction on the vector spread-out of the 8x8 partitioning mode for the Baseline profile, level 2 and below. 

In the case of multiple vectors in an 8x8 block, The rectangular block of memory which encompasses all memory required to perform motion compensation on all of the vectors within the block must contain no more than CONSTRAINED_MEMSIZE bytes. NOTE: The dimensions of the rectangular block of memory are not restricted by this limitation, only the area. 
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The byte limit CONSTRAINED_MEMSIZE will be determined by the experimental results in the next section. The minimum byte limit should be 324 bytes, which is equal to the total luma reference block size for motion compensation of an 8x8 block, if it uses four 4x4 vectors and reference blocks are loaded independently. The byte limit with 324 bytes provides (3 pixel freedom in both horizontal/vertical directions for sub-8x8 vector estimation around the initial center vector (e.g. the 8x8 vector).

 As shown in the figure above, this restriction tends to constrain all the reference blocks for an 8x8 block in a box marked by red color. Only one reference block loading is needed for motion compensation of each 8x8 block if the advantage of this restriction is taken on the decoder side. With this restriction, it effectively reduces the maximum number of reference block transfer from 48 to 12 per macroblock in the worst case. 

3. Experimental Results

The proposed restriction was implemented in the JM 4.1. Comparison was made between the JM4.1 with and without the restriction (denoted by JM4.r and JM4.1, respectively). The simulation results are listed in Table 2 in terms of Bjontegaard Delta bitrate savings in %. The common test conditions from VCEG-N81 were followed. The detailed results can be found in Appendix A.

Two memory constrained motion estimation algorithms were tested. One is to estimate the 8x8 vector first, then all the sub-8x8 vectors (4x8, 8x8, 4x4 vectors) of the 8x8 block are estimated by a vector refinement around the 8x8 vector (denoted by Top2down in Table 2) with a refinement search range derived by the byte limit. The other is to estimate the sub-8x8 vectors independently as what is being done in JM4.1, then the memory size of the rectangle box which contains all the reference blocks of the sub-8x8 vectors is checked. If the memory size exceeds the pre-defined byte limit (e.g. 484 bytes), the estimated sub-8x8 vectors are discarded and replaced by vectors estimated around the 8x8 block vector with the search range derived from the byte limit (denoted by Hybrid in Table 2). Two byte limits, namely 324 and 484 bytes, were used, which resulted in four test sets when combined with two memory constrained motion estimation algorithms. The horizontal/vertical ( 3 and ( 5 refinement search ranges were used for simulation with byte limits 324 bytes and 484 bytes, respectively.

Table 2: Performance Comparison (Bjontegaard Delta bitrate savings in %) between JM4.1 and JM4.1 with proposed restriction 


container
foreman
mobile
news
paris
silent
tempete
Average

Top2down_324
0.035%
0.734%
0.078%
0.557%
0.228%
0.270%
0.136%
0.291%

Top2down_484
0.016%
0.357%
0.014%
0.796%
0.271%
0.437%
0.017%
0.272%

Hybrid_324
0.171%
0.213%
-0.032%
0.655%
-0.052%
0.258%
0.096%
0.187%

Hybrid_484
0.000%
-0.351%
0.066%
0.362%
-0.122%
0.195%
0.173%
0.046%

The simulation results revealed that there is hardly any impact on the coding efficiency as expected. Also, no significant difference was measured between byte limit 324 and 484 bytes.

4. Conclusions

Constraining the vector spread-out in 8x8 partitioning mode is an effective way to reduce the overhead used for the reference block loading without harming the coding efficiency. It is proposed to impose a byte limit of 324 bytes (400 and 484 bytes are acceptable as well, but seems not necessary) to facilitate the H.26L adoption in mobile applications.
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Appendix A:
Table 3: Performance Comparison (Bjontegaard Delta bitrate savings in %, dB) between JM4.1 and JM4.1 with proposed restriction (byte limit 324 bytes, top-to-down estimation)

Sequence Name
# of frames
QP
JM4.1

PSNR
JM4.1

Bitrate
JM4.r

PSNR
JM4.r

Bitrate
% change in Bitrate
#

change in PSNR

container
100
28
36.03
23.19
36.03
23.08
0.035%
-0.001[dB]



32
33.23
12.92
33.23
12.94





36
30.54
7.65
30.54
7.68





40
27.89
4.75
27.89
4.71



foreman
100
28
35.95
73.29
35.95
73.56
0.734%
-0.038[dB]



32
33.39
43.21
33.32
43.45





36
30.87
26.70
30.88
26.65





40
28.53
16.77
28.58
16.98



mobile
300
28
34.03
1490.12
34.03
1489.45
0.078%
-0.004[dB]



32
30.64
731.97
30.64
731.24





36
27.58
353.20
27.57
353.12





40
24.66
189.39
24.65
189.90



news
100
28
36.82
44.36
36.83
44.51
0.557%
-0.032[dB]



32
33.75
27.30
33.72
27.44





36
30.83
16.77
30.84
16.87





40
28.14
10.41
28.14
10.39



paris
150
28
35.50
311.17
35.49
311.78
0.228%
-0.011[dB]



32
32.42
180.38
32.41
180.64





36
29.51
100.87
29.52
100.97





40
26.85
57.15
26.83
57.28



silent
150
28
35.82
56.40
35.83
56.72
0.270%
-0.013[dB]



32
32.98
34.05
32.97
34.10





36
30.36
20.02
30.37
20.11





40
28.03
11.71
28.02
11.68



tempete
260
28
35.00
1130.14
35.00
1129.05
0.136%
-0.006[dB]



32
31.85
546.95
31.84
547.16





36
29.01
270.45
29.01
270.60





40
26.33
145.92
26.32
145.75



Average
0.291%
-0.015[dB]

Table 4: Performance Comparison (Bjontegaard Delta bitrate savings in %, dB) between JM4.1 and JM4.1 with proposed restriction (byte limit 484 bytes, top-to-down estimation)

Sequence Name
# of frames
QP
JM4.1

PSNR
JM4.1

Bitrate
JM4.r

PSNR
JM4.r

Bitrate
% change in Bitrate
#

change in PSNR

 container
 100
28
 36.03
 23.19
 36.03
 23.07
 0.016%
0.000[dB]



32
 33.23
 12.92
 33.23
 12.92





36
 30.54
  7.65
 30.54
  7.69





40
 27.89
  4.75
 27.89
  4.71



foreman
100
28
 35.95
 73.29
 35.96
 73.55
0.357%
-0.019[dB]



32
 33.39
 43.21
 33.35
 43.42





36
 30.87
 26.70
 30.87
 26.53





40
 28.53
 16.77
 28.55
 16.90



 mobile
 300
28
 34.03
1490.12
 34.04
1488.00
 0.014%
-0.001[dB]



32
 30.64
731.97
 30.64
731.35





36
 27.58
353.20
 27.57
353.06





40
 24.66
189.39
 24.65
189.46



 news
100
28
 36.82
 44.36
 36.82
 44.49
0.796%
-0.047[dB]



32
 33.75
 27.30
 33.71
 27.42





36
 30.83
 16.77
 30.82
 16.86





40
 28.14
 10.41
 28.12
 10.43



 paris
 150
28
 35.50
311.17
 35.49
311.63
 0.271%
-0.014[dB]



32
 32.42
180.38
 32.43
181.04





36
 29.51
100.87
 29.50
100.96





40
 26.85
 57.15
 26.84
 57.30



 silent
 150
28
 35.82
 56.40
 35.83
 56.57
 0.437%
-0.021[dB]



32
 32.98
 34.05
 32.97
 34.28





36
 30.36
 20.02
 30.36
 20.08





40
 28.03
 11.71
 28.05
 11.72



 tempete
 260
28
 35.00
1130.14
 35.01
1130.14
 0.017%
-0.001[dB]



32
 31.85
546.95
 31.85
547.36





36
 29.01
270.45
 29.00
269.86





40
 26.33
145.92
 26.33
145.97



Average
0.272%
-0.014[dB]

Table 5: Performance Comparison (Bjontegaard Delta bitrate savings in %, dB) between JM4.1 and JM4.1 with proposed restriction (byte limit 324 bytes, hybrid estimation)

Sequence Name
# of frames
QP
JM4.1

PSNR
JM4.1

Bitrate
JM4.r

PSNR
JM4.r

Bitrate
% change in Bitrate
#

change in PSNR

 container
 100
28
 36.03
 23.19
 36.03
 23.11
0.171%
-0.008[dB]



32
 33.23
 12.92
 33.23
 12.93





36
 30.54
  7.65
 30.54
  7.70





40
 27.89
  4.75
 27.90
  4.74



foreman
 100
28
 35.95
 73.29
 35.96
 73.33
 0.213%
-0.012[dB]



32
 33.39
 43.21
 33.34
 43.26





36
 30.87
 26.70
 30.89
 26.64





40
 28.53
 16.77
 28.58
 16.94



 mobile
 300
28
 34.03
1490.12
 34.04
1488.49
-0.032%
0.002[dB]



32
 30.64
731.97
 30.64
731.94





36
 27.58
353.20
 27.57
352.89





40
 24.66
189.39
 24.66
188.77



 news
 100
28
 36.82
 44.36
 36.82
 44.36
 0.655%
-0.037[dB]



32
 33.75
 27.30
 33.71
 27.41





36
 30.83
 16.77
 30.84
 16.84





40
 28.14
 10.41
 28.05
 10.36



 paris
 150
28
 35.50
311.17
 35.50
311.42
-0.052%
0.002[dB]



32
 32.42
180.38
 32.43
180.37





36
 29.51
100.87
 29.52
101.13





40
 26.85
 57.15
 26.85
 57.16



 silent
 150
28
 35.82
 56.40
 35.82
 56.46
 0.258%
-0.011[dB]



32
 32.98
 34.05
 32.95
 34.08





36
 30.36
 20.02
 30.39
 20.13





40
 28.03
 11.71
 28.05
 11.76



 tempete
 260
28
 35.00
1130.14
 35.00
1129.68
 0.096%
-0.004[dB]



32
 31.85
546.95
 31.84
546.31





36
 29.01
270.45
 29.01
270.86





40
 26.33
145.92
 26.33
145.90



Average
0.187%
-0.010[dB]

Table 6: Performance Comparison (Bjontegaard Delta bitrate savings in %, dB) between JM4.1 and JM4.1 with proposed restriction (byte limit 484 bytes, hybrid estimation)

Sequence Name
# of frames
QP
JM4.1

PSNR
JM4.1

Bitrate
JM4.r

PSNR
JM4.r

Bitrate
% change in Bitrate
#

change in PSNR

 container
 100
28
 36.03
 23.19
 36.03
 23.19
 0.000%
-0.000[dB]



32
 33.23
 12.92
 33.23
 12.92





36
 30.54
  7.65
 30.54
  7.65





40
 27.89
  4.75
 27.89
  4.75



 foreman
 100
28
 35.95
 73.29
 35.97
 73.35
-0.351%
0.017[dB]



32
 33.39
 43.21
 33.36
 43.21





36
 30.87
 26.70
 30.90
 26.44





40
 28.53
 16.77
 28.54
 16.80



 mobile
 300
28
 34.03
1490.12
 34.03
1489.41
 0.066%
-0.003[dB]



32
 30.64
731.97
 30.64
732.12





36
 27.58
353.20
 27.58
353.46





40
 24.66
189.39
 24.65
189.64



 news
 100
28
 36.82
 44.36
 36.84
 44.30
 0.362%
-0.021[dB]



32
 33.75
 27.30
 33.71
 27.40





36
 30.83
 16.77
 30.85
 16.88





40
 28.14
 10.41
 28.16
 10.36



 paris
 150
28
 35.50
311.17
 35.49
310.94
-0.122%
0.006[dB]



32
 32.42
180.38
 32.43
180.28





36
 29.51
100.87
 29.51
100.69





40
 26.85
 57.15
 26.84
 57.16



 silent
 150
28
 35.82
 56.40
 35.84
 56.42
 0.195%
-0.009[dB]



32
 32.98
 34.05
 32.97
 34.09





36
 30.36
 20.02
 30.37
 20.11





40
 28.03
 11.71
 28.01
 11.68



 tempete
 260
28
 35.00
1130.14
 35.00
1129.51
0.173%
-0.007[dB]



32
 31.85
546.95
 31.84
546.90





36
 29.01
270.45
 28.99
269.62





40
 26.33
145.92
 26.33
146.18



Average
0.046%
-0.002[dB]
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3rd party name(s)



Mailing address



Country



Contact person



Telephone



Fax



Email



Patent number/status



Inventor/Assignee



Relevance to JVT







Any other comments or remarks:
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