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Abstract

This proposal focuses on the tool “Decoder-side Block Boundary Decision (DBBD)” which was proposed in the JCTVC-A108 as one of tools for HEVC CfP response. DBBD aims to perform motion compensation with various block patterns without additional coding bits by deciding the MC boundary on the decoder-side. In this proposal, DBBD with OBMC is proposed for improving the quality of MC block in addition to the previous proposal. The simulation results show that the proposed technique provides 3.1% BD-rate gain for random access, and 2.2% for low delay as against JM16.2 anchor under HEVC common test conditions.

1 Introduction

In AVC, fixed block patterns such as 16x16/16x8/8x16/8x8 can be used for motion compensation and a coding mode which indicates the block pattern is signaled as ‘mb_type’. It can achieve high coding performance in the case that two or more different motions are included in the macroblock. However it is difficult to achieve high coding performance in the case of the prediction with a mismatch between block boundary and actual motion boundary as shown in Figure 1. In order to minimize the influence of this problem, some techniques which increase the number of fixed block patterns compared to AVC have been already proposed. In those techniques, the prediction error can be reduced by defining new fixed block patterns as new coding modes. However such approach is not always effective because the additional coding bits that indicate new coding modes are required. For this reason, it is desirable to support various block patterns without additional coding bits for motion compensation.
In this proposal, DBBD (Decoder-side Block Boundary Decision) with OBMC (Overlapped Block Motion Compensation) is proposed. DBBD was proposed in JCTVC-A108 [1] as one of tools for HEVC CfP response. OBMC is described in H.263 [2] as a tool for improving the quality of MC block. DBBD and OBMC have good compatibility each other since DBBD prefers the vague boundary and both tools need to have the overlapped region of two prediction blocks. By using OBMC in DBBD, high quality MC block can be obtained with minimum additional processing.
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Figure 1  Problem of fixed block patterns
2 Algorithm Description
2.1 Overview
The overview of DBBD is shown in Figure 2. It is an example in the case of Nx16 mode.
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Figure 2  Overview of DBBD

DBBD can perform motion compensation with various block patterns without additional coding bits because the block boundary is decided on the decoder-side. DBBD achieves high coding performance to exploit the correlation between actual motion boundary and object boundary on prediction blocks.
2.2 Procedure
Figure 3 shows the flowchart of DBBD.
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Figure 3  Flowchart of DBBD
2.2.1 Decoding procedure

The decoding procedure of DBBD is as follows.
1. Generate two prediction blocks based on two motion vectors by the size of macroblock.

2. Evaluate each candidate boundary on two prediction blocks in order to decide the real boundary.
3. Perform OBMC along the real boundary.
4. Obtain the final MC block by replacing the pixels around the real boundary with OBMC filtered samples.
Figure 4 shows how to evaluate the boundary. The candidate boundary is evaluated by three activities and NEV (Neighboring Efficiency Value). SAD (Sum of Absolute Difference) is used for all evaluation elements.

Activity1 is an activity on the candidate boundary in prediction block1. Activity2 is an activity on the candidate boundary in prediction block2. Larger value of Activity1 and Activity2 is in better because there is strong correlation between actual motion boundary and object boundary.

Activity3 is an activity on the candidate boundary in the block which is connected by two prediction blocks. Smaller value of Activity3 is in better because it indicates that the final MC block becomes smoother.

NEV shows the prediction efficiency in neighboring region if the prediction blocks are extended to the neighboring region. Smaller value of NEV is in better because there is strong correlation on coding efficiency between in the neighboring region and in the target block.

The better value for best boundary is summarized in Table 1. The real boundary is decided by combination of the four elements.
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Figure 4  Boundary evaluation
Table 1  Better value for best boundary

	Element
	Activity1
	Activity2
	Activity3
	NEV

	Better value
	Larger
	Larger
	Smaller
	Smaller


Figure 5 shows OBMC process in DBBD. OBMC is performed after decision of the real boundary in order to improve the quality of MC block.
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Figure 5  OBMC in DBBD
Figure 6 shows OBMC filtering details. OBMC is performed along the real boundary and the range of OBMC is set to two. The mixed ratio depends on the distance from the real boundary. The influence from another prediction block is stronger in the position that is closer to the real boundary.
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Figure 6  OBMC filtering details
2.2.2 Encoding procedure
The encoding procedure of DBBD is as follows.
1. Set a provisional boundary for motion estimation.

2. Perform motion estimation using the block divided by the provisional boundary.
3. Simulate the decoding procedure of DBBD in order to decide the real boundary and to obtain the final MC block.
4. Evaluate the final MC block for mode decision.
2.3 Implementation

2.3.1 Software

DBBD is implemented into JM16.2 AVC reference software [3].
2.3.2 Syntax structure

The syntax is the same as AVC perfectly.
2.3.3 Prediction mode

Only 16x8 and 8x16 prediction mode is replaced by 16xN and Nx16, respectively. The other prediction modes are the same as AVC.
2.3.4 Others

The candidate boundary N is restricted to 4, 6, 8, 10, and 12.
Only luma prediction samples are used to evaluate the boundary.

The decided boundary is also used for chroma prediction samples in MC process.

Motion vector prediction of 16xN and Nx16 are obtained with the same rule as in the case of 16x8 and 8x16, respectively.
Selectable transform sizes are the same as AVC. (Only 8x8 or 4x4 can be used)
It can be applied to bi-prediction in B-frame to perform the process of DBBD after generating bi-predictive block of each region.
3 Simulation Results
3.1 Test conditions
We set up the test conditions to match with HEVC common test conditions [4] as much as possible.
3.1.1 Test sequences

All common test sequences are used.

All frames are encoded for all sequences and test cases.
3.1.2 Coding structure

Random access and low delay configuration are simulated.

Random access configuration that has hierarchical B coding structure is constructed of I/P/B frame. (We tried to use B-frame instead of P-frame, but could not use it on JM16.2 correctly.)

Low delay configuration that has no hierarchical coding structure is constructed of I/B frame.

3.1.3 Reference frames
Two reference frames can be used on P-frame.

One reference frame can be used for each list on B-frame.

The B-frames for hierarchical B coding structure can use a reference frame that is temporally the nearest one for each direction.

The B-frames for non-hierarchical coding structure can use a reference frame, that is temporally the nearest one for list0, and that is the secondary nearest one for list1.
3.1.4 Intra period

The intra refresh period for random access is dependent on the frame rate of the source: a value 24 is used for sequences with a frame rate equal to 24fps, 32 for 30fps, 48 for 50fps, and 64 for 60fps.
There is no intra refresh for low delay. (Only the first frame is coded as I-frame.)

3.1.5 Quantization parameter
For each test sequence four quantization parameter values are to be used: 22, 27, 32 and 37. These define the QP values used for I-frames in a sequence.

3.2 BD-rate results

Table 2 shows the summary results of this proposal.

Table 3 shows the results of random access for each sequence.

Table 4 shows the results of low delay for each sequence.

Table 2  Summary of results

	　
	Random access
	Low delay

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-3.9 
	-3.4 
	-3.2 
	　
	　
	　

	Class B
	-2.6 
	-1.8 
	-1.8 
	-1.8 
	-1.9 
	-1.7 

	Class C
	-3.4 
	-2.7 
	-2.7 
	-2.6 
	-2.3 
	-2.3 

	Class D
	-3.0 
	-2.5 
	-2.5 
	-2.3 
	-2.5 
	-2.5 

	Class E
	　
	　
	　
	-2.3 
	-0.1 
	-1.5 

	All
	-3.1 
	-2.4 
	-2.4 
	-2.2 
	-1.8 
	-2.0 


Table 3  Results of random access

	　
	　
	　
	JM 16.2 reference
	Proposal

	　
	　
	QPISlice
	kbps
	Y psnr
	　
	kbps
	Y psnr
	BD-rate Y

	Class A
	S01
	22
	17562.98
	41.342
	　
	17303.34
	41.38
	-2.8

	4K
	Traffic
	27
	7267.89
	38.679
	　
	7134.89
	38.722
	　

	　
	　
	32
	3542.56
	35.926
	　
	3487.12
	35.976
	　

	　
	　
	37
	1937.22
	33.176
	　
	1914.02
	33.216
	　

	　
	S02
	22
	41325.09
	40.055
	　
	40185.43
	40.069
	-4.9

	　
	PeopleOnStreet
	27
	20039.15
	37.037
	　
	19318.45
	37.095
	　

	　
	　
	32
	10634.84
	34.059
	　
	10277.82
	34.173
	　

	　
	　
	37
	6136.11
	31.251
	　
	5972.02
	31.393
	　

	Class B
	S03
	22
	6582.48
	41.228
	　
	6498.76
	41.249
	-1.8

	1080p
	Kimono
	27
	3044.76
	39.107
	　
	3004.54
	39.137
	　

	　
	　
	32
	1532.06
	36.526
	　
	1519.55
	36.561
	　

	　
	　
	37
	822.29
	33.905
	　
	818.31
	33.931
	　

	　
	S04
	22
	9529.8
	39.792
	　
	9391.99
	39.814
	-2.3

	　
	ParkScene
	27
	4178.2
	37.162
	　
	4105.91
	37.189
	　

	　
	　
	32
	1973.28
	34.35
	　
	1945.59
	34.383
	　

	　
	　
	37
	960.82
	31.703
	　
	953.55
	31.735
	　

	　
	S05
	22
	24843.07
	38.268
	　
	24574.49
	38.295
	-2.6

	　
	Cactus
	27
	7897.65
	36.56
	　
	7783.36
	36.589
	　

	　
	　
	32
	3744.31
	34.485
	　
	3690.49
	34.518
	　

	　
	　
	37
	1950.82
	32.12
	　
	1926.64
	32.148
	　

	　
	S06
	22
	23848.89
	38.945
	　
	23574.63
	38.975
	-3.0

	　
	BasketballDrive
	27
	8478.32
	37.046
	　
	8336.08
	37.081
	　

	　
	　
	32
	4117.38
	34.989
	　
	4050.66
	35.036
	　

	　
	　
	37
	2274.89
	32.732
	　
	2245.97
	32.788
	　

	　
	S07
	22
	52938.79
	37.422
	　
	52304.02
	37.443
	-3.2

	　
	BQTerrace
	27
	10457.91
	34.882
	　
	10318.28
	34.918
	　

	　
	　
	32
	3355.45
	33.212
	　
	3300.54
	33.248
	　

	　
	　
	37
	1511.58
	31.074
	　
	1500.64
	31.128
	　

	Class C
	S08
	22
	4812.7
	39.891
	　
	4713.26
	39.913
	-3.2

	WVGA
	BasketballDrill
	27
	2335.87
	36.654
	　
	2283.09
	36.694
	　

	　
	　
	32
	1151.24
	33.806
	　
	1127.67
	33.863
	　

	　
	　
	37
	607.18
	31.253
	　
	598.22
	31.317
	　

	　
	S09
	22
	4771.18
	39.931
	　
	4661.48
	39.964
	-3.7

	　
	BQMall
	27
	2243.72
	37.263
	　
	2182.78
	37.305
	　

	　
	　
	32
	1144.34
	34.357
	　
	1114.28
	34.417
	　

	　
	　
	37
	622.56
	31.458
	　
	610.05
	31.525
	　

	　
	S10
	22
	9166.34
	37.969
	　
	9028.55
	37.99
	-2.2

	　
	PartyScene
	27
	4043.2
	34.219
	　
	3977.52
	34.251
	　

	　
	　
	32
	1862.86
	31.007
	　
	1833.55
	31.037
	　

	　
	　
	37
	854.17
	28.037
	　
	847.71
	28.072
	　

	　
	S11
	22
	5978.99
	39.077
	　
	5851.33
	39.095
	-4.3

	　
	RaceHorses
	27
	2615.54
	35.698
	　
	2531.61
	35.739
	　

	　
	　
	32
	1244.09
	32.665
	　
	1204.2
	32.755
	　

	　
	　
	37
	626.67
	29.828
	　
	612.33
	29.913
	　

	Class D
	S12
	22
	1885.09
	40.457
	　
	1852.52
	40.472
	-3.0

	WQVGA
	BasketballPass
	27
	959.74
	36.645
	　
	938.65
	36.683
	　

	　
	　
	32
	482.49
	33.234
	　
	472.05
	33.297
	　

	　
	　
	37
	252.46
	30.352
	　
	247.98
	30.414
	　

	　
	S13
	22
	2427.04
	37.675
	　
	2377.15
	37.694
	-2.6

	　
	BQSquare
	27
	896.17
	33.855
	　
	880.22
	33.9
	　

	　
	　
	32
	376.47
	30.891
	　
	370.71
	30.915
	　

	　
	　
	37
	186.33
	28.218
	　
	183.67
	28.23
	　

	　
	S14
	22
	2085.46
	38.054
	　
	2054.17
	38.073
	-2.2

	　
	BlowingBubbles
	27
	937.6
	34.521
	　
	921.88
	34.545
	　

	　
	　
	32
	433.77
	31.269
	　
	426.59
	31.302
	　

	　
	　
	37
	198.16
	28.322
	　
	195.3
	28.342
	　

	　
	S15
	22
	1489.48
	39.403
	　
	1449.07
	39.424
	-4.3

	　
	RaceHorses
	27
	746.59
	35.646
	　
	720
	35.695
	　

	　
	　
	32
	368.19
	32.136
	　
	357.31
	32.227
	　

	　
	　
	37
	184.82
	29.185
	　
	180.57
	29.254
	　


Table 4  Results of low delay

	　
	　
	　
	JM 16.2 reference
	Proposal

	　
	　
	QPISlice
	kbps
	Y psnr
	　
	kbps
	Y psnr
	BD-rate Y

	Class B
	S03
	22
	8368.39
	41.597
	　
	8291.2
	41.615
	-1.0

	1080p
	Kimono
	27
	4074.08
	39.56
	　
	4051.87
	39.59
	　

	　
	　
	32
	2157.95
	36.978
	　
	2164.28
	37.029
	　

	　
	　
	37
	1178.2
	34.011
	　
	1189.78
	34.065
	　

	　
	S04
	22
	12905.05
	40.074
	　
	12730.96
	40.082
	-1.6

	　
	ParkScene
	27
	5354.77
	36.982
	　
	5273.22
	36.997
	　

	　
	　
	32
	2406.62
	33.913
	　
	2374.13
	33.928
	　

	　
	　
	37
	1150.07
	30.891
	　
	1148.39
	30.908
	　

	　
	S05
	22
	36244.86
	39.081
	　
	35711.48
	39.085
	-2.3

	　
	Cactus
	27
	10249.58
	36.679
	　
	10055.48
	36.693
	　

	　
	　
	32
	4747.06
	34.42
	　
	4672.1
	34.451
	　

	　
	　
	37
	2350.84
	31.898
	　
	2336.45
	31.936
	　

	　
	S06
	22
	35364.26
	39.812
	　
	34857.84
	39.816
	-2.3

	　
	BasketballDrive
	27
	12577.05
	37.52
	　
	12356.71
	37.538
	　

	　
	　
	32
	6273.53
	35.459
	　
	6183.06
	35.498
	　

	　
	　
	37
	3388.06
	32.997
	　
	3359.8
	33.047
	　

	　
	S07
	22
	101813.21
	39.969
	　
	100390.8
	39.943
	-2.0

	　
	BQTerrace
	27
	17919.48
	35.538
	　
	17554.94
	35.553
	　

	　
	　
	32
	5166.49
	32.994
	　
	5116.57
	33.021
	　

	　
	　
	37
	2262.83
	30.186
	　
	2276.98
	30.229
	　

	Class C
	S08
	22
	6151.51
	39.649
	　
	6060.75
	39.669
	-2.8

	WVGA
	BasketballDrill
	27
	3059.89
	36.511
	　
	2995.85
	36.535
	　

	　
	　
	32
	1504.66
	33.7
	　
	1466.83
	33.729
	　

	　
	　
	37
	747.17
	30.912
	　
	731.36
	30.958
	　

	　
	S09
	22
	6688.62
	40.327
	　
	6561.76
	40.341
	-3.0

	　
	BQMall
	27
	3122.1
	37.264
	　
	3049.69
	37.288
	　

	　
	　
	32
	1552.87
	34.041
	　
	1513.9
	34.082
	　

	　
	　
	37
	801.48
	30.741
	　
	784.43
	30.786
	　

	　
	S10
	22
	14968.09
	39.018
	　
	14777.25
	39.015
	-1.4

	　
	PartyScene
	27
	7208.06
	34.878
	　
	7114.39
	34.88
	　

	　
	　
	32
	3137.84
	30.917
	　
	3098.23
	30.926
	　

	　
	　
	37
	1275.62
	27.283
	　
	1256.51
	27.295
	　

	　
	S11
	22
	8392.91
	40.776
	　
	8272.43
	40.782
	-3.0

	　
	RaceHorses
	27
	3975.13
	37.259
	　
	3886.27
	37.276
	　

	　
	　
	32
	1748.98
	33.718
	　
	1697.3
	33.746
	　

	　
	　
	37
	796.86
	30.354
	　
	773.99
	30.391
	　

	Class D
	S12
	22
	2472.01
	41.044
	　
	2444.36
	41.055
	-2.3

	WQVGA
	BasketballPass
	27
	1355.62
	37.457
	　
	1332.58
	37.466
	　

	　
	　
	32
	701.65
	34.008
	　
	683.44
	34.029
	　

	　
	　
	37
	351.19
	30.874
	　
	342.91
	30.911
	　

	　
	S13
	22
	4366.92
	39.078
	　
	4292.75
	39.082
	-1.9

	　
	BQSquare
	27
	2034.03
	34.836
	　
	1993.53
	34.843
	　

	　
	　
	32
	817.91
	30.866
	　
	806.68
	30.887
	　

	　
	　
	37
	273.79
	27.064
	　
	274.11
	27.097
	　

	　
	S14
	22
	3312.48
	38.819
	　
	3257.81
	38.816
	-1.9

	　
	BlowingBubbles
	27
	1483.77
	34.557
	　
	1457.11
	34.561
	　

	　
	　
	32
	628.83
	30.683
	　
	617.38
	30.7
	　

	　
	　
	37
	259.69
	27.302
	　
	255.49
	27.309
	　

	　
	S15
	22
	1945.37
	40.473
	　
	1913.34
	40.481
	-3.0

	　
	RaceHorses
	27
	1005.01
	36.605
	　
	977.13
	36.607
	　

	　
	　
	32
	494.35
	32.918
	　
	477.36
	32.93
	　

	　
	　
	37
	234.31
	29.73
	　
	228.54
	29.752
	　

	ClassE
	S16
	22
	3340.39
	43.067
	　
	3276.96
	43.105
	-1.8

	WQVGA
	Vidyo1
	27
	1278.78
	40.36
	　
	1261.65
	40.39
	　

	　
	　
	32
	637.2
	37.455
	　
	635.6
	37.51
	　

	　
	　
	37
	359.12
	34.535
	　
	361.44
	34.574
	　

	　
	S17
	22
	4550.67
	43.158
	　
	4459.66
	43.187
	-3.3

	　
	Vidyo3
	27
	1572.66
	40.333
	　
	1532.88
	40.387
	　

	　
	　
	32
	696.86
	37.178
	　
	684.76
	37.247
	　

	　
	　
	37
	342.29
	33.945
	　
	341.2
	33.995
	　

	　
	S18
	22
	4030.83
	43.008
	　
	3971.38
	43.041
	-1.9

	　
	Vidyo4
	27
	1293.56
	40.17
	　
	1279.24
	40.205
	　

	　
	　
	32
	612.8
	37.297
	　
	608.97
	37.345
	　

	　
	　
	37
	345.81
	34.457
	　
	346.01
	34.491
	　


The simulation results show that DBBD provides 3.1% BD-rate [5] gain up to 4.9% for random access, and 2.2% up to 3.3% for low delay as against JM16.2 anchor.

It is observed that DBBD is more effective for the sequence that contains large motion region such as PeopleOnStreet, RaceHorses, and BQMall.

4 Conclusions
The simulation results show that DBBD can improve coding efficiency in spite of restrictive implementation. It will be improved by supporting other prediction modes and transform sizes.

We think that DBBD is useful for HEVC which will support various block patterns in order to achieve high coding performance.

Therefore, we would like to show the effectiveness of DBBD on TMuC [6]/TM software through participating in some TE/CE as a proponent.
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