	Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T VCEG

(ISO/IEC JTC1/SC29/WG11 and ITU-T SG16 Q.6)

2nd Meeting: Geneva, CH, Jan. 29 - Feb. 1, 2002
	Document:  JVT-B054

Filename: JVT-B054.doc

Generated: 2002-01-23


	Title:
	Core Experiment Results On Improved Macroblock Prediction Modes

	Status:
	Input Document to JVT

	Purpose:
	Report and Proposal

	Author(s) or
Contact(s):
	Heiko Schwarz and Thomas Wiegand
Heinrich Hertz Institute (HHI)
Einsteinufer 37
10587 Berlin, Germany
	Tel:
Fax

Email:
	+49-(0)30-31002 206 / 617
+40-(0)30-392 72 00
hschwarz@hhi.de
wiegand@hhi.de


	Source:
	Heinrich Hertz Institute (HHI)


Summary

In this document, we present an improvement of our proposal “Tree-structured macroblock partition” (VECG-O17) [1]. Furthermore, we report the results of the Core Experiment on Improved Macroblock Prediction Modes defined in VCEG-O61 [3]. The accompanying Excel sheet contains R-D curves as well as the average PSNR gains and bit-rate reductions calculated by the avsnr4 software [6]. Additional results are presented for higher bit-rates (QP = 12, 8).

1. Introduction

During the Pattaya meeting, VCEG/JVT decided to set up a Core Experiment (CE) to verify the multiple proposals on improved MB prediction modes (VCEG-O17[1] and VCEG-O22[2]).
In VCEG-O17 [1], we proposed a minor syntax alteration that provides tree-structured macroblock partitions in motion-compensated coding modes. 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. In this document we present a slight improvement of VCEG-O17 that further increases the coding gain for B-frames. A further modification concerns the model selection for CABAC.

VCEG-O22 has proposed a low-overhead prediction tool consisting of multi-shape motion segmentation patterns with up to two motion vectors. It has been reported that this proposal could improve the prediction efficiency of TML by integrating it with the current TML motion model. Both proposals permit motion-segment based reference frame selection, which is useful to predict object occlusion area efficiently.
We report the results of the Core Experiment on Improved Macroblock Prediction Modes, which has been defined in VCEG-O61 [3]. Simulations have been carried out for both proposals, the improved version of VCEG-O17 and the extended version of VCEG-O22 (see VCEG-O61 [3]). Additional results are presented for higher bit-rate cases.

2. Tree-Structured Macroblock Partition (Improved VCEG-O17)
In the TML [5], 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.

3.1 Proposed Syntax Specification

For P-frames, the predictive modes with block shapes of 8x8, 8x4, 4x8, and 4x4 samples of the TML [5] are replaced by a single macroblock mode called 8x8(split). If this mode is chosen, four additional code words (one for each 8x8 sub-partition) are transmitted. These code words 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. 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 should not be used for 8x4 and 4x8 block. It is replaced by median prediction.

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 is removed. Moreover, an 8x8 sub-partition of a B-frame macroblock can also be coded in Direct mode.

Table 3: Macroblock modes for B-frames

	Code number
	Macroblock mode
	1. block
	2. block
	CABAC Binarization

	0
	Direct
	
	
	0

	1
	16x16
	Forw.
	
	100

	2
	16x16
	Backw.
	
	101

	3
	16x16
	Bidirect.
	
	110000

	4
	16x8
	Forw.
	Forw.
	110001

	5
	8x16
	Forw.
	Forw.
	110010

	6
	16x8
	Backw.
	Backw.
	110011

	7
	8x16
	Backw.
	Backw.
	110100

	8
	16x8
	Forw.
	Backw.
	110101

	9
	8x16
	Forw.
	Backw.
	110110

	10
	16x8
	Backw.
	Forw.
	110111

	11
	8x16
	Backw.
	Forw.
	111110

	12
	16x8
	Forw.
	Bidirect.
	1110000

	13
	8x16
	Forw.
	Bidirect.
	1110001

	14
	16x8
	Backw.
	Bidirect.
	1110010

	15
	8x16
	Backw.
	Bidirect.
	1110011

	16
	16x8
	Bidirect.
	Forw.
	1110100

	17
	8x16
	Bidirect.
	Forw.
	1110101

	18
	16x8
	Bidirect.
	Backw.
	1110110

	19
	8x16
	Bidirect.
	Backw.
	1110111

	20
	16x8
	Bidirect.
	Bidirect.
	1111000

	21
	8x16
	Bidirect.
	Bidirect.
	1111001

	22
	8x8(split)
	
	
	111111

	23
	Intra4x4
	
	
	1111010

	24 …
	Intra16x16
	
	
	1111011


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

	Code number
	8x8 partition mode
	Prediction
	CABAC Binarization

	0
	Direct
	
	0

	1
	8x8
	Forw.
	100

	2
	8x8
	Backw.
	101

	3
	8x8
	Bidirect.
	11000

	4
	8x4
	Forw.
	11001

	5
	4x8
	Forw.
	11010

	6
	8x4
	Backw.
	11011

	7
	4x8
	Backw.
	111000

	8
	8x4
	Bidirect.
	111001

	9
	4x8
	Bidirect.
	111010

	10
	4x4
	Forw.
	111011

	11
	4x4
	Backw.
	111100

	12
	4x4
	Bidirect.
	111101

	13
	Intra
	
	11111


If the entropy coding is performed with CABAC, the binarization depicted in the right column of tables 1-4 is used. 

3.2 Motion Estimation and Mode Decision

The procedures of motion estimation and mode decision are similar to the high-complexity mode (i.e. R-D optimized mode decision is turned on) of the current TML [5]:

· 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 the 8x8 sub-partition 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 [5]. 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.

For B-frames, the prediction direction is determined by minimizing 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.

For each block the motion vector is determined by an integer pixel search and a following sub-pixel refinement. As in the current TML software version, the search center for all segments is determined by the prediction vector of the 16x16 block.

It should be noted that the encoding complexity is virtually not increased in comparison with the high-complexity mode of TML-8 [5].

3.3 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

3. Core Experiment Results

The simulations are conducted following the conditions specified in VCEG-O61 [3], VCEG-N81 [4]. The VCEG-O17 proposal [1] was integrated in the TML-8.5 software. The VCEG-O22 implementation is based on the TML-9.0 software. The following configurations are used:

1) P-frames only, ¼-pel MC, UVLC, 1 and 5 reference frames

2) P-frames only, ¼-pel MC, CABAC, 1 and 5 reference frames

3) 2 B-frames, ¼-pel MC (QCIF), 1/8-pel MC(CIF), UVLC, 1 and 5 reference frames

4) 2 B-frames, ¼-pel MC (QCIF), 1/8-pel MC(CIF), CABAC, 1 and 5 reference frames

For calculating average PSNR gains and bit-rate savings, the method specified in VCEG-M33 [6] is utilized with QP values 28, 24, 20, and 16. Since the VCEG-O17 implementation is based on TML-8.5 software, theses measures are calculated with reference to the original TML-8.5 software for VCEG-O17. For VCEG-O22, the average PSNR gains and bit-rate savings are calculated with reference to the TML-9.0 software, since VCEG-O22 is integrated into this software version.

The tables 5-12 show the average PSNR gains and corresponding bit-rate savings for both methods. Rate-distortion curves for all cases and all software versions (TML-8.5, TML-9.0, VCEG-O17, VCEG-O22) are plotted in the accompanying Excel sheet. As it can be seen from the tables and the rate-distortion curves, the coding efficiency of both proposed methods is generally improved in comparison to that of the reference software versions (TML-8.5, TML-9.0). Using VCEG-O17, average bit-rate savings of 0.43% - 5.01% are obtained. VCEG-O22 provides average bit-rate savings of 2.01% - 8.66%. The results indicate that the gains are increased for complex scenes.

Generally, the average PSNR gains and corresponding bit-rate savings obtained by VCEG-O22 are larger than those obtained by VCEG-O17. However, VCEG-O22 requires a significantly increased encoding complexity for obtaining these results. An additional motion search has to be performed for each of the new macroblock modes. Whereas the coding gains for VCEG-O17 are obtained nearly without increasing encoder complexity.

By looking at the rate-distortion curves it can be seen further, that the larger PSNR gains of VCEG-O22 (in comparison to VCEG-O17) are mainly attained at low bit-rates (QP =28…24). For higher bit-rates or higher video quality (QP=16), the relative coding gain of VCEG-O22 in comparison to VCEG-O17 is significantly smaller. This applies especially for complex sequences like Mobile&Calendar and Tempete.

4. Additional Results for Higher Bit-Rates

To investigate the rate-distortion performance for high bit-rates, we added two test points with quantizer values of QP=12, 8 for the configurations with CABAC. The corresponding rate-distortion curves including all test points (QP=28, 24, 20, 16, 12, 8) are plotted in the last four sheets of the accompanying Excel document. In addition, the tables 13-16 show average PSNR gains and average bit-rate savings for high bit-rates. These measures are calculated by Bjontegaards method described in  VCEG-M33, but the rate-distortion points obtained for QP=20, 16, 12, 8 are used as input measures. 

These tests proved that the performance gains of VCEG-O22 in comparison to VCEG-O17 are decreased for high bit-rates or high video quality. The R-D curves as well as the average performance measures differ only slightly.

5. Conclusion

Two proposals (VCEG-O17 and VCEG-O22) concerning improved macroblock prediction modes have been evaluated. In VCEG-O17 a slight modification of the TML that allows tree-structured motion segmentation was proposed, while VCEG-O22 proposed the adding of 12 low-overhead prediction modes with various motion segmentation patterns and two motion vectors. The results showed that both proposals improve the rate-distortion efficiency of the current TML. Due to the addition of low-overhead prediction modes with multiple motion segmentation shapes, VCEG-O22 outperforms VCEG-O17 at the low bit-rate range. However, the coding gains of VCEG-O22 are obtained by significantly increasing the encoding complexity, since additional motion search steps are required for all of the 12 added motion segmentation modes. Whereas the coding gains of VCEG-O17 are achieved without increasing complexity. At the high bit-rate range both proposals show approximately identical performance gains in comparison to the TML.
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Tables of average PSNR gains and average rate savings for all test cases

Table 5: Results for configuration with P-frames only, 1 reference frame, UVLC

	
	
	VCEG-O17
	VCEG-O22

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Foreman
	QCIF 10Hz
	0,11
	2,21
	0,28
	5,73

	Container
	QCIF 10Hz
	0,04
	0,84
	0,14
	3,05

	News
	QCIF 10Hz
	0,08
	1,30
	0,17
	3,03

	Silent
	QCIF 15Hz
	0,07
	1,33
	0,20
	4,13

	Paris
	CIF 15Hz
	0,03
	0,65
	0,16
	3,26

	Mobile
	CIF 30Hz
	0,03
	0,57
	0,13
	2,97

	Tempete
	CIF 30Hz
	0,04
	1,01
	0,15
	3,59

	Average
	
	0,06
	1,13
	0,18
	3,68


Table 6: Results for configuration with P-frames only, 1 reference frame, CABAC

	
	
	VCEG-O17
	VCEG-O22

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Foreman
	QCIF 10Hz
	0,15
	3,04
	0,30
	6,18

	Container
	QCIF 10Hz
	0,03
	0,60
	0,11
	2,25

	News
	QCIF 10Hz
	0,13
	2,27
	0,18
	3,21

	Silent
	QCIF 15Hz
	0,10
	2,01
	0,22
	4,57

	Paris
	CIF 15Hz
	0,09
	1,73
	0,19
	3,55

	Mobile
	CIF 30Hz
	0,05
	1,12
	0,14
	3,03

	Tempete
	CIF 30Hz
	0,07
	1,67
	0,14
	3,50

	Average
	
	0,09
	1,78
	0,18
	3,76


Table 7: Results for configuration with P-frames only, 5 reference frame, UVLC

	
	
	VCEG-O17
	VCEG-O22

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Foreman
	QCIF 10Hz
	0,15
	2,88
	0,32
	6,27

	Container
	QCIF 10Hz
	0,02
	0,43
	0,10
	2,01

	News
	QCIF 10Hz
	0,12
	1,98
	0,22
	3,75

	Silent
	QCIF 15Hz
	0,12
	2,39
	0,25
	4,93

	Paris
	CIF 15Hz
	0,10
	2,02
	0,21
	4,17

	Mobile
	CIF 30Hz
	0,12
	2,57
	0,21
	6,56

	Tempete
	CIF 30Hz
	0,11
	2,61
	0,29
	6,67

	Average
	
	0,11
	2,13
	0,23
	4,91


Table 8: Results for configuration with P-frames only, 5 reference frame, CABAC

	
	
	VCEG-O17
	VCEG-O22

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Foreman
	QCIF 10Hz
	0,19
	3,96
	0,38
	7,57

	Container
	QCIF 10Hz
	0,06
	1,20
	0,18
	3,55

	News
	QCIF 10Hz
	0,15
	2,55
	0,25
	4,38

	Silent
	QCIF 15Hz
	0,14
	2,79
	0,27
	5,37

	Paris
	CIF 15Hz
	0,14
	2,71
	0,26
	5,02

	Mobile
	CIF 30Hz
	0,15
	3,25
	0,32
	6,82

	Tempete
	CIF 30Hz
	0,14
	3,34
	0,28
	6,67

	Average
	
	0,14
	2,83
	0,28
	5,63


Table 9: Results for configuration with 2 B-frames, 1 reference frame, UVLC

	
	
	VCEG-O17
	VCEG-O22

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Foreman
	QCIF 10Hz
	0,08
	1,69
	0,19
	3,81

	Container
	QCIF 10Hz
	0,09
	1,84
	0,20
	4,01

	News
	QCIF 10Hz
	0,13
	2,33
	0,16
	2,88

	Silent
	QCIF 15Hz
	0,12
	2,56
	0,17
	3,58

	Paris
	CIF 15Hz
	0,17
	3,28
	0,23
	4,40

	Mobile
	CIF 30Hz
	0,10
	2,39
	0,19
	4,38

	Tempete
	CIF 30Hz
	0,10
	2,47
	0,19
	4,84

	Average
	
	0,11
	2,37
	0,19
	3,99


Table 10: Results for configuration with 2 B-frames, 1 reference frame, CABAC

	
	
	VCEG-O17
	VCEG-O22

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Foreman
	QCIF 10Hz
	0,18
	3,89
	0,30
	6,28

	Container
	QCIF 10Hz
	0,08
	1,54
	0,18
	3,51

	News
	QCIF 10Hz
	0,20
	3,37
	0,23
	4,09

	Silent
	QCIF 15Hz
	0,17
	3,57
	0,26
	5,59

	Paris
	CIF 15Hz
	0,23
	4,30
	0,34
	6,29

	Mobile
	CIF 30Hz
	0,15
	3,50
	0,23
	5,34

	Tempete
	CIF 30Hz
	0,15
	3,92
	0,23
	5,95

	Average
	
	0,17
	3,44
	0,25
	5,29


Table 11: Results for configuration with 2 B-frames, 5 reference frame, UVLC

	
	
	VCEG-O17
	VCEG-O22

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Foreman
	QCIF 10Hz
	0,10
	2,05
	0,25
	5,07

	Container
	QCIF 10Hz
	0,07
	1,40
	0,21
	3,98

	News
	QCIF 10Hz
	0,19
	3,27
	0,22
	3,94

	Silent
	QCIF 15Hz
	0,13
	2,69
	0,27
	5,60

	Paris
	CIF 15Hz
	0,21
	4,05
	0,34
	6,46

	Mobile
	CIF 30Hz
	0,14
	3,24
	0,26
	5,89

	Tempete
	CIF 30Hz
	0,12
	3,03
	0,23
	5,93

	Average
	
	0,14
	2,82
	0,25
	5,27


Table 12: Results for configuration with 2 B-frames, 5 reference frame, CABAC

	
	
	VCEG-O17
	VCEG-O22

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Foreman
	QCIF 10Hz
	0,18
	3,89
	0,42
	8,66

	Container
	QCIF 10Hz
	0,06
	1,27
	0,16
	3,17

	News
	QCIF 10Hz
	0,23
	3,89
	0,30
	5,22

	Silent
	QCIF 15Hz
	0,19
	4,00
	0,35
	7,23

	Paris
	CIF 15Hz
	0,26
	5,01
	0,40
	7,56

	Mobile
	CIF 30Hz
	0,20
	4,57
	0,32
	7,18

	Tempete
	CIF 30Hz
	0,19
	4,95
	0,29
	7,44

	Average
	
	0,19
	3,94
	0,32
	6,64


Table 13: Higher Bit-rate results for configuration with P-frames only, 1 reference frame, CABAC

	
	
	VCEG-O17
	VCEG-O22

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Foreman
	QCIF 10Hz
	0,19
	-3,59
	0,21
	-4,11

	Container
	QCIF 10Hz
	0,04
	-0,83
	0,08
	-1,98

	News
	QCIF 10Hz
	0,15
	-2,31
	0,15
	-2,22

	Silent
	QCIF 15Hz
	0,18
	-2,93
	0,18
	-2,90

	Paris
	CIF 15Hz
	0,12
	-1,87
	0,12
	-1,79

	Mobile
	CIF 30Hz
	0,09
	-1,41
	0,09
	-1,45

	Tempete
	CIF 30Hz
	0,10
	-1,93
	0,11
	-1,99

	Average
	
	0,12
	-2,12
	0,13
	-2,35


Table 14: Higher Bit-rate results for configuration with P-frames only, 5 reference frame, CABAC

	
	
	VCEG-O17
	VCEG-O22

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Foreman
	QCIF 10Hz
	0,28
	-5,31
	0,32
	-6,08

	Container
	QCIF 10Hz
	0,10
	-2,31
	0,15
	-3,51

	News
	QCIF 10Hz
	0,20
	-3,09
	0,21
	-3,24

	Silent
	QCIF 15Hz
	0,25
	-4,02
	0,28
	-4,50

	Paris
	CIF 15Hz
	0,20
	-3,11
	0,19
	-3,05

	Mobile
	CIF 30Hz
	0,24
	-4,11
	0,31
	-5,22

	Tempete
	CIF 30Hz
	0,27
	-5,10
	0,31
	-5,93

	Average
	
	0,22
	-3,86
	0,25
	-4,50


Table 15: Higher Bit-rate results for configuration with 2 B-frames, 1 reference frame, CABAC

	
	
	VCEG-O17
	VCEG-O22

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Foreman
	QCIF 10Hz
	0,25
	-4,87
	0,31
	-6,06

	Container
	QCIF 10Hz
	0,13
	-3,11
	0,14
	-3,29

	News
	QCIF 10Hz
	0,27
	-4,14
	0,24
	-3,75

	Silent
	QCIF 15Hz
	0,29
	-4,76
	0,28
	-4,73

	Paris
	CIF 15Hz
	0,25
	-3,97
	0,27
	-4,36

	Mobile
	CIF 30Hz
	0,17
	-3,12
	0,20
	-3,68

	Tempete
	CIF 30Hz
	0,18
	-3,58
	0,20
	-4,04

	Average
	
	0,22
	-3,94
	0,23
	-4,27


Table 16: Higher Bit-rate results for configuration with 2 B-frames, 5 reference frame, CABAC

	
	
	VCEG-O17
	VCEG-O22

	
	
	Average PSNR

gain [dB]
	Average rate

saving [%]
	Average PSNR

gain [dB]
	Average rate

saving [%]

	Foreman
	QCIF 10Hz
	0,30
	-5,87
	0,44
	-8,45

	Container
	QCIF 10Hz
	0,12
	-2,85
	0,15
	-3,71

	News
	QCIF 10Hz
	0,31
	-4,87
	0,31
	-4,78

	Silent
	QCIF 15Hz
	0,34
	-5,57
	0,39
	-6,51

	Paris
	CIF 15Hz
	0,32
	-5,11
	0,32
	-5,26

	Mobile
	CIF 30Hz
	0,30
	-5,62
	0,36
	-6,59

	Tempete
	CIF 30Hz
	0,28
	-5,77
	0,29
	-5,90

	Average
	
	0,28
	-5,09
	0,32
	-5,89
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Table 2: Modes for 8x8 sub-partitions in P-frames


Code number�
8x8 partition mode�
CABAC Binarization�
�
0�
8x8�
1�
�
1�
8x4�
000�
�
2�
4x8�
0011�
�
3�
4x4�
0010�
�
4�
Intra�
01�
�






Table 1: Macroblock modes for P-frames


Code number�
Macroblock mode�
CABAC Binarization�
�
0�
SKIP�
0�
�
1�
16x16�
1000�
�
2�
16x8�
1011�
�
3�
8x16�
1010�
�
4�
8x8 (split)�
1001�
�
5 (UVLC only)�
8x8 (split, all ref=0)�
�
�
6�
Intra4x4�
110�
�
7 …�
Intra16x16�
111�
�
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