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1 Summary
In the current TML [1], seven macroblock partitions for motion compensation are supported. The reference frame parameter is transmitted once per macroblock if a predictive coding mode is chosen. We propose a minor syntax alteration that provides tree-structured macroblock partitions in motion-compensated coding modes. The reference frame parameter is transmitted on block basis for 16x16, 16x8, 8x16, and 8x8 blocks. For smaller block sizes, a single reference frame parameter for all blocks of an 8x8 sub-partition is used. The experimental results show a general improvement in terms of coding efficiency while the complexity of the encoding strategy is not increased. The results indicate that the gains are increased for complex scenes and higher bit-rates. Although not yet completely verified, we believe that the 8x8 Intra mode provides potential for improvements in error-prone environments, where an increased Intra rate is often used to stop temporal error propagation. Moreover, the new tree-structured macroblock partition is believed to provide the possibility to speed up the motion search for 4x4, 4x8, and 8x4 blocks.

2 Tree-structured Macroblock Partition

2.1 P-frames

For P-frames, the predictive modes with block shapes of 8x8, 8x4, 4x8, and 4x4 samples are replaced by a single macroblock mode called 8x8(split). If this mode is chosen, four additional codewords (one for each 8x8 sub-partition) are transmitted. These codeword indicate if the corresponding 8x8 sub-partition of the macroblock is coded predictively with block shapes of 8x8, 8x4, 4x8, or 4x4, or if it is coded in INTRA-mode. The Tables 1 and 2 show the corresponding code words for the macroblock modes and the modes of 8x8 sub-partitions.


For the predictive macroblock modes with block shapes of 16x16, 16x8, and 8x16 one reference parameter is coded for each block. However if the 8x8(split) mode is chosen, only one reference parameter is transmitted for each 8x8 sub-partition regardless what mode it is coded in. Of course, no reference parameter is transmitted if the Intra mode was chosen for a 8x8 partition. If UVLC is used for entropy coding, an additional macroblock mode is supported 8x8(split, all ref=0). It indicates the usage of the 8x8(split)-mode, however no reference frame parameter is transmitted for the whole macroblock; the reference frame parameters are set to zero. Since the indication of this mode costs just as many bits as the indication of the 8x8(split)-mode, 4 bits can always be saved if the previous reference frame was chosen for all 8x8 sub-partitions in the UVLC case. For CABAC, this additional mode is not used.

Beside the re-design of macroblock modes and the introduction of additional 8x8 block modes, a minor alteration concerning the motion vector prediction for 8x4 and 4x8 block was necessary. Since neighboring 8x8 partitions are generally not coded in the same mode, the directional prediction of motion vector components cannot be used for 8x4 and 4x8 block. It is replaced by median prediction.

2.1.1 Motion Estimation and Mode Decision

For generating the simulation results and comparing the syntax alteration with the current TML-8 [1] using rate-distortion optimization, the following algorithm for motion estimation and mode decision was used:

· For each 8x8 sub-partition in coding order:

· Perform motion estimation for 4x4, 4x8, 8x4, and 8x8 blocks and all reference frames

· Determine the best reference frame for each of these four partitionings by minimizing

SAD + ( Rate(Motion Vectors, Reference frame parameter),



where SAD is calculated between the original and the prediction signal.

· Determine the coding mode of 8x8 block using the rate-constrained mode decision, i.e. minimize

SSD + ( Rate(MV, REF, Luma-Coeff, block 8x8 mode)

Here the SSD calculation is based on the reconstructed signal after DCT, quantization, and IDCT.

· Perform motion estimation for 8x16, 16x8, and 16x16 blocks and determine the best reference parameter for each block by minimizing

SAD + ( Rate(Motion Vectors, Reference frame parameter)

· Choose macroblock mode from the set (SKIP, 16x16, 16x8, 8x16, 8x8(split), Intra4x4, Intra16x16) by utilizing the rate-constrained mode decision as described in TML-8. At this point, the distortion and most parts of the rate term calculated during the mode decision for 8x8 partitions are re-used for the cost calculation of the 8x8(split) mode.

The complexity is virtually not increased in comparison with TML-8. The only additional operation is the cost calculation of the Intra mode in the mode decision for 8x8 partitions.

2.2. B-frames

For B-frames, a similar tree-structured macroblock partitioning is proposed. As in P-frames, one reference frame parameter is transmitted for each 16x16, 16x8, and 8x16 block as well as for each 8x8 sub-partition. Additionally, for each 16x16, 16x8, 8x16 block, and each 8x8 sub-partition, the prediction direction (forward, backward, bi-directional) can be chosen separately. For avoiding a separate code word to specify the prediction direction, the indication of the prediction direction is incorporated into the codewords for macroblock modes and 8x8 partitioning modes, respectively, as shown in the table 3 and 4. The bi-directional coding mode specified in the TML-8 is removed.

Table 3: Macroblock modes for B-frames

	Code number
	Macroblock mode
	1. block
	2. block

	0
	Direct
	
	

	1
	16x16
	Forw.
	

	2
	16x16
	Backw.
	

	3
	16x16
	Bidirect.
	

	4
	16x8
	Forw.
	Forw.

	5
	8x16
	Forw.
	Forw.

	6
	16x8
	Backw.
	Backw.

	7
	8x16
	Backw.
	Backw.

	8
	16x8
	Forw.
	Backw.

	9
	8x16
	Forw.
	Backw.

	10
	16x8
	Backw.
	Forw.

	11
	8x16
	Backw.
	Forw.

	12
	16x8
	Forw.
	Bidirect.

	13
	8x16
	Forw.
	Bidirect.

	14
	16x8
	Backw.
	Bidirect.

	15
	8x16
	Backw.
	Bidirect.

	16
	16x8
	Bidirect.
	Forw.

	17
	8x16
	Bidirect.
	Forw.

	18
	16x8
	Bidirect.
	Backw.

	19
	8x16
	Bidirect.
	Backw.

	20
	16x8
	Bidirect.
	Bidirect.

	21
	8x16
	Bidirect.
	Bidirect.

	22
	8x8(split)
	
	

	23
	Intra4x4
	
	

	24 …
	Intra16x16
	
	


Table 4: Modes for 8x8 sub-partitions in B-frames

	Code number
	8x8 partition mode
	Prediction

	0
	8x8
	Forw.

	1
	8x8
	Backw.

	2
	8x8
	Bidirect.

	3
	8x4
	Forw.

	4
	4x8
	Forw.

	5
	8x4
	Backw.

	6
	4x8
	Backw.

	7
	8x4
	Bidirect.

	8
	4x8
	Bidirect.

	9
	4x4
	Forw.

	10
	4x4
	Backw.

	11
	4x4
	Bidirect.

	12
	Intra
	


For generating the simulation results, the prediction direction is determined by minimzing the following Lagrange cost:



SAD + ( Rate (Motion vectors, Reference frames).

The SAD is calculated between the original and the prediction signal. No DCT, quantization, and IDCT is performed for this decision. The rate-constrained macroblock mode decision is only carried out for the best 16x16, 16x8, 8x16, and 8x8(split) partitions as well as for the Direct and Intra modes. Thus, with the new scheme, the complexity is even a bit decreased in comparison to the TML-8 [1].

3. Remaining Coder Parts

All remaining coder parts are operated as described in the H.26L Test Model Long Term Number 8 (TML-8) draft 0. If CABAC is used as entropy coding method, the binarization of the macroblock modes is altered; for the coding of the 8x8 sub-partition modes, 3 or 4 (B-, P-frame) context models are used.

4. Simulation Results

The simulations are conducted following the conditions specified in VCEG-N81 [2]. The proposed tree-structured macroblock partitioning was integrated in the TML-85 software. Comparisons are related to the original TML-85 software. The following configurations are used:

1) P-frames only, ¼-pel MC, UVLC



(baseline config.)

2) P-frames only, ¼-pel MC, CABAC



(baseline config., CABAC)

3) 2 B-frames, ¼-pel MC (QCIF), 1/8-pel MC(CIF), UVLC

(advanced config., UVLC)

4) 2 B-frames, ¼-pel MC (QCIF), 1/8-pel MC(CIF), CABAC
(advanced config.)

The rate-distortion optimization was always enabled; the motion vectors search was conducted over the range of (32 samples. For calculating average PSNR gains and bit-rate savings, the method specified in VCEG-M33 [3] is utilized with the QP values 28, 24, 20, and 16. The tables 5-8 show the average PSNR gains and corresponding bit-rate savings for the four configurations given above. Rate-distortion curves for all cases with 1 and 5 reference frames are plotted in the accompanying Excel sheet. As it can be seen from the tables and the rate-distortion curves, the coding efficiency of the proposed method is generally never worse than that of TML-8. The only exception is the container sequence coded with P-frames only, UVLC, and 10 reference frames; but the performance loss is negligible in this case.

On average, the proposed syntax alteration provides bit-rate savings of up to 3% depending on the number of reference frames used and the chosen entropy coding method. For higher bit-rates generally larger improvements are obtained. The largest PSNR gains and bit-rate savings have been obtained if multi-frame prediction is used and if CABAC is used as entropy coding method.

The tables 9 and 10 show average performance gains for the whole bit-rate range. Therefore the method specified in VCEG-M33 [3] is utilized with QP values of 28, 20, 12, and 4. In addition, the sequences Tempete (QCIF, 10Hz) and Bus (CIF, 30Hz) are added to the test set specified in VCEG-N81 [2]. For the whole bit-rate range, our proposed syntax alteration provides bit-rate savings of up to 5%.
To verify the statement, that our proposed syntax changing provides increased PSNR gains and bit-rate savings for more complex sequences, we performed an additional test with the interlaced sequences as specified in VCEG-N85 [4]. These interlaced sequences have been coded as field pictures using the following configuration:
1. 
P-pictures only, ¼-pel MC, 16x16 motion search, 1 or 5 ref. frames, CABAC

2. 2 B-pictures inserted, ¼-pel MC, 16x16 motion search, 1 or 5 ref. frames, CABAC
The Tables 11 and 12 show the average performance gains for these sequences where the given PSNR values are averaged over all field pictures. On average, our proposed syntax alteration yields bit-rate savings of 3,23% to 4.97% in the low bit-rate range (QP=28,24,20,16) compared to the TML-85 software. The highest gains are observed if multi-frame prediction is in use.
Table 5: Results for configuration with P-frames only, UVLC, QP=28,24,20,16

	
	
	1 reference frame
	5 reference frames
	10 reference frames

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Container
	QCIF 10Hz
	0,04
	0,84
	0,02
	0,43
	-0,02
	-0,40

	News
	QCIF 10Hz
	0,08
	1,30
	0,12
	1,98
	0,14
	2,44

	Foreman
	QCIF 10Hz
	0,11
	2,21
	0,14
	2,88
	0,15
	2,99

	Silent
	QCIF 15Hz
	0,07
	1,33
	0,12
	2,39
	0,15
	3,07

	Paris
	CIF 15Hz
	0,03
	0,65
	0,10
	2,02
	0,13
	2,63

	Mobile
	CIF 30Hz
	0,03
	0,57
	0,12
	2,57
	0,15
	3,26

	Tempete
	CIF 30Hz
	0,04
	1,01
	0,11
	2,61
	0,12
	2,78

	Average
	
	0,06
	1,13
	0,10
	2,13
	0,12
	2,40


Table 6: Results for configuration with P-frames only, CABAC, QP=28,24,20,16

	
	
	1 reference frame
	5 reference frames
	10 reference frames

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Container
	QCIF 10Hz
	0,03
	0,60
	0,04
	0,73
	0,02
	0,38

	News
	QCIF 10Hz
	0,13
	2,27
	0,13
	2,29
	0,13
	2,23

	Foreman
	QCIF 10Hz
	0,15
	3,04
	0,17
	3,56
	0,21
	4,20

	Silent
	QCIF 15Hz
	0,10
	2,01
	0,13
	2,59
	0,19
	3,74

	Paris
	CIF 15Hz
	0,09
	1,73
	0,14
	2,83
	0,17
	3,24

	Mobile
	CIF 30Hz
	0,05
	1,12
	0,15
	3,25
	0,17
	3,66

	Tempete
	CIF 30Hz
	0,07
	1,67
	0,14
	3,46
	0,15
	3,56

	Average
	
	0,09
	1,78
	0,13
	2,67
	0,15
	3,00


Table 7: Results for configuration with 2 B-frames, UVLC, QP=28,24,20,16

	
	
	1 reference frame
	5 reference frames

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Container
	QCIF 10Hz
	0,05
	0,93
	0,03
	0,69

	News
	QCIF 10Hz
	0,10
	1,76
	0,14
	2,44

	Foreman
	QCIF 10Hz
	0,07
	1,44
	0,09
	1,76

	Silent
	QCIF 15Hz
	0,09
	1,83
	0,10
	2,10

	Paris
	CIF 15Hz
	0,13
	2,45
	0,17
	3,20

	Mobile
	CIF 30Hz
	0,06
	1,33
	0,10
	2,27

	Tempete
	CIF 30Hz
	0,06
	1,73
	0,09
	2,21

	Average
	
	0,08
	1,64
	0,10
	2,10


Table 8: Results for configuration with 2 B-frames, CABAC, QP=28,24,20,16

	
	
	1 reference frame
	5 reference frames

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Container
	QCIF 10Hz
	0,08
	1,32
	0,05
	0,93

	News
	QCIF 10Hz
	0,17
	3,00
	0,17
	2,97

	Foreman
	QCIF 10Hz
	0,17
	3,60
	0,16
	3,27

	Silent
	QCIF 15Hz
	0,12
	2,54
	0,14
	2,94

	Paris
	CIF 15Hz
	0,17
	3,34
	0,21
	4,03

	Mobile
	CIF 30Hz
	0,09
	2,19
	0,13
	3,06

	Tempete
	CIF 30Hz
	0,11
	2,82
	0,14
	3,55

	Average
	
	0,13
	2,69
	0,14
	2,96


Table 9: Results for configuration with P-frames only, CABAC, 5 reference frames, QP=28,20,12,4

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Container
	QCIF 10Hz
	0,09
	1,89

	News
	QCIF 10Hz
	0,16
	2,51

	Foreman
	QCIF 10Hz
	0,14
	4,60

	Tempete
	QCIF 10Hz
	0,27
	4,74

	Silent
	QCIF 15Hz
	0,21
	3,66

	Paris
	CIF 15Hz
	0,17
	2,98

	Mobile
	CIF 30Hz
	0,20
	3,58

	Tempete
	CIF 30Hz
	0,22
	4,32

	Bus
	CIF 30Hz
	0,26
	4,75

	Average
	
	0,20
	3,67


Table 10: Results for configuration with 2 B-frames, CABAC, 5 reference frames, QP=28,20,12,4

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Container
	QCIF 10Hz
	0,08
	1,69

	News
	QCIF 10Hz
	0,19
	3,02

	Foreman
	QCIF 10Hz
	0,24
	4,49

	Tempete
	QCIF 10Hz
	0,25
	4,86

	Silent
	QCIF 15Hz
	0,23
	4,22

	Paris
	CIF 15Hz
	0,24
	4,24

	Mobile
	CIF 30Hz
	0,20
	4,12

	Tempete
	CIF 30Hz
	0,20
	4,49

	Bus
	CIF 30Hz
	0,26
	5,02

	Average
	
	0,21
	4,02


Table 11: Results for interlaced sequences in half horizontal resolution coded as field pictures (QP=28,24,20,16 / CABAC enabled / P-frames only / 16x16 motion search / ¼-pel MC)

	
	1 reference picture
	5 reference pictures

	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Src15_ref_525 (mobile)
	0,09
	1,85
	0,27
	5,49

	Src19_ref_525 (football)
	0,14
	3,36
	0,16
	3,85

	Src5_ref_625 (canoe)
	0,16
	3,50
	0,16
	3,59

	Src6_ref_625 (formula 1)
	0,14
	3,68
	0,22
	5,70

	Src9_ref_625 (rugby)
	0,17
	3,78
	0,19
	4,50

	Average
	0,14
	3,23
	0,20
	4,63


Table 12: Results for interlaced sequences in half horizontal resolution coded as field pictures (QP=28,24,20,16 / CABAC enabled / 2 B-frames inserted / 16x16 motion search / ¼-pel MC)

	
	1 reference picture
	5 reference pictures

	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Src15_ref_525 (mobile)
	0,11
	2,86
	0,29
	6,87

	Src19_ref_525 (football)
	0,15
	3,84
	0,16
	4,01

	Src5_ref_625 (canoe)
	0,14
	3,61
	0,17
	4,14

	Src6_ref_625 (formula 1)
	0,13
	3,83
	0,17
	5,32

	Src9_ref_625 (rugby)
	0,17
	4,05
	0,19
	4,50

	Average
	0,14
	3,64
	0,20
	4,97
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Table 2: Modes for 8x8 sub-partitions in P-frames


Code number�
8x8 partition mode�
�
0�
8x8�
�
1�
8x4�
�
2�
4x8�
�
3�
4x4�
�
4�
Intra�
�






Table 1: Macroblock modes for P-frames


Code number�
Macroblock mode�
�
0�
SKIP�
�
1�
16x16�
�
2�
16x8�
�
3�
8x16�
�
4�
8x8 (split)�
�
5 (UVLC only)�
8x8 (split, all ref=0)�
�
6�
Intra4x4�
�
7 …�
Intra16x16�
�
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