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

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

3rd Meeting: Fairfax, Virginia, USA, 6-10 May, 2002
	Document:  JVT-C041

Filename: JVT-C041.doc


	Title:
	Core Experiment Results on Adaptive motion vector coding

	Status:
	Input Document to JVT

	Purpose:
	Report and Proposal

	Author(s) or
Contact(s):
	Yoshinori Suzuki
1-280, Higashi-koigakubo
Kokubunji-shi, Tokyo 185-8601, Japan
	
Tel:
Email:
	
+81-42-323-1111
yosinori@crl.hitahit.co.jp

	Source:
	Hitachi, Ltd.


_____________________________
Summary

This document provides a report of core experiment results on adaptive motion vector coding and the revised text for the CD. The proposed scheme provides general improvements up to 5% for similar complexity with WD-2.
1. Introduction
During the Geneva meeting, JVT (Joint Video Team of ISO/IEC MPEG & ITU-T VCEG) set up the Core Experiment on adaptive MV coding [1] to verify the performance of JVT-B061 [2]. JVT-B061 provides the new entropy coding method of motion vector that allows to adaptively selecting the fractional pixel accuracy of differential motion vector components for each macroblock. And JVT-B061 shows that the use of adaptive MV coding (AMVC) obtains JM-1 [3] the general improvements with no additional complexity.
This document provides a report of core experiment results on adaptive motion vector coding and the revised text for CD of JVT in Annex A. And, the improvement of JVT-B061 is presented in this document. The improved adaptive MV coding gets along with WD-2 [4].

2. Improved coding of Motion vector data accuracy

In JVT-B061, the accuracy parameter for motion vector decoding is sent as the additional information (Motion Vector Data Accuracy, MVDA) both in UVLC and CABAC cases, since it is difficult to merge this information into macroblock modes in JM-1 [3] that supports seven macroblock partition modes for motion compensation. However, the predictive modes with block shapes of 8x8, 8x4, 4x8, and 4x8 samples of JM-1 [3] are replaced by a single macroblock mode called 8x8 split in WD-2 [4]. So, we propose to revise the coding and decoding method of the accuracy parameter for reducing the amount of coding information for this parameter as follows:

For UVLC, the accuracy information is merged into this single macroblock model. The revised and additional macroblock types are shown in item 6 and 8 in Annex A of this document. 

For CABAC, the context model for mvda is built by using not only mvda parameters belonging to two neighboring macroblocks, but also the number of motion vector in macroblock, since the number of motion vector in 8x8 split is changeable. The revised context models are shown in item 7 in Annex A of this document.

These revisions have been already provided in the CE description [1].

3. Simulation Conditions

The experiment was performed based on the description of core experiment [1] that is basically defined according to the guideline of the common conditions document [5]. The test tool was integrated in the JM 1.7 software. The test sequences and test conditions are listed in Table 1 and Table 2 respectively.
Table 1 Test sequences

	Frame Skip
	2
	1
	0

	Sequences
	Container, QCIF,300 
News, QCIF,300
Foreman, QCIF,300
	Paris, CIF,300
Silent Voice, QCIF,300 
Carphone, CIF, 300
	Mobile CIF 300 
Tempete CIF 260 
Funfair, CIF, 300


Table 2 Test conditions

	MV resolution
	1/4 pel for QCIF

1/8 pel for CIF

	RD optimization
	ON

	UseHadamard
	ON

	Restrict Search Range
	2

	Search Range
	(32

	I-Picture
	First frame only

	B-Picture
	USED (2 frames)

	Frame structure
	IPPP or IBBP

	Reference Frames
	1 or 5

	Symbol Mode
	UVLC or CABAC

	QP
	16,20,24,28


The following configurations are used for this CE. Tests 1-4 are conducted to investigate the coding performance for higher complexity mode, while Tests 6-5 are conducted to investigate the coding performance for baseline mode.
Test 1: 2 B-frames, 1/4-pel MC (QCIF), 1/8-pel MC (CIF), UVLC, 1 reference frame,

Test 2: 2 B-frames, 1/4-pel MC (QCIF), 1/8-pel MC (CIF), UVLC, 5 reference frames,

Test 3: 2 B-frames, 1/4-pel MC (QCIF), 1/8-pel MC (CIF), CABAC, 1 reference frame,

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

Test 5: P-frames only, 1/4-pel MC, UVLC, 1 reference frame, and

Test 6: P-frames only, 1/4-pel MC, UVLC, 5 reference frames.

Furthermore, to investigate the coding performance of QCIF sequences for 1/8 sample interpolation mode, the additional two tests are conducted since a question on this combination was raised at the Geneva meeting.

Test 7: 2 B-frames, 1/8-pel MC (QCIF), CABAC, 1 reference frame, and

Test 8: 2 B-frames, 1/8-pel MC (QCIF), CABAC, 5 reference frames.

4. Core Experiment Results
The tables 3-8 show the average PSNR gains and bitrate savings as calculated using the Bjontegaard measurement method [6] for the proposed tool. And rate-distortion curves for test tests 1-6 are provided in the excel sheet. Additionally, the statistical data, averaged PSNR and coding bitrate, for the Test 1-6 are shown in the tables 11-16. For the tables 9 and 10, the results show the average PSNR gains and bitrate savings for the following four comparisons of two methods.

a) JM 1.7 using 1/4-pel MC vs. JM 1.7 using 1/8-pel MC,

b) AMVC 1.7 using 1/4-pel MC vs. AMVC using 1/8-pel MC,

c) JM 1.7 using 1/8-pel MC vs. AMVC using 1/8-pel MC, 

d) JM 1.7 using 1/4-pel MC vs. AMVC using 1/4-pel MC, and

e) JM 1.7 using 1/4-pel MC vs. AMVC using 1/8-pel MC.

For the tests 1-6, the results showed that the proposed tool improves the rate distortion performance of WD-2 for all test cases. Average bit-rate savings of 0.27% - 4.49 % for higher complexity mode and 0.15 % - 3.20 % for baseline mode were obtained. 

For tests 7-8, the results showed that total performance of AMVC using 1/8-pel MC is almost same as that of AMVC using 1/4-pel MC. This means that the 1/8 sample interpolation is as useful as the 1/4 sample interplation for QCIF sequences in case the proposed tool turns on.

4. Conclusions

The following results were obtained in this core experiments:

( 
The AMVC shows better rate-distortion performance than the JM 1.7 for all test cases.

( 
The proposed scheme provides improvements of 0.27% - 4.49% for higher complexity case and 0.15 % - 3.20 % for baseline case without additional complexity.

( 
The 1/8 sample interpolation is also useful for QCIF sequence in case that the proposed motion vector coding turns on. 

(  The revised test for CD is provided in Annex A of this document.

Considering these results, we propose the adoption of the adaptive motion vector coding in CD.
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Table 3 Results of Test 1: 2 B-frames, 1 reference frame, UVLC

	Test Sequences
	average % bit savings 
	average dB PSNR gain 

	Container 
	QCIF, 10Hz
	-0.88
	0.04

	Foreman 
	QCIF, 10Hz
	-2.74
	0.13

	News 
	QCIF, 10Hz
	-2.57
	0.15

	Silent 
	QCIF, 15Hz
	-2.49
	0.12

	Paris 
	CIF, 15Hz
	-4.32
	0.23

	Carphone
	CIF, 15Hz
	-3.30
	0.15

	Mobile
	CIF, 30Hz
	-2.68
	0.11

	Tempete
	CIF, 30Hz
	-3.25
	0.13

	Funfair
	CIF, 30Hz
	-4.49
	0.25

	Average
	-2.97
	0.15


Table 4 Results of Test 2: 2 B-frames, 5 references frame, UVLC

	Test Sequences
	average % bit savings 
	average dB PSNR gain 

	Container 
	QCIF, 10Hz
	-0.27
	0.02

	Foreman 
	QCIF, 10Hz
	-2.83
	0.14

	News 
	QCIF, 10Hz
	-2.36
	0.14

	Silent 
	QCIF, 15Hz
	-2.21
	0.10

	Paris 
	CIF, 15Hz
	-3.70
	0.20

	Carphone
	CIF, 15Hz
	-2.28
	0.13

	Mobile
	CIF, 30Hz
	-2.16
	0.10

	Tempete
	CIF, 30Hz
	-2.86
	0.11

	Funfair
	CIF, 30Hz
	-4.44
	0.24

	Average
	-2.57
	0.13


Table 5 Results of Test 3: 2 B-frames, 1 reference frame, CABAC

	Test Sequences
	average % bit savings 
	average dB PSNR gain 

	Container 
	QCIF, 10Hz
	-0.52
	0.03

	Foreman 
	QCIF, 10Hz
	-2.23
	0.11

	News 
	QCIF, 10Hz
	-1.75
	0.10

	Silent 
	QCIF, 15Hz
	-2.04
	0.10

	Paris 
	CIF, 15Hz
	-3.45
	0.18

	Carphone
	CIF, 15Hz
	-2.48
	0.11

	Mobile
	CIF, 30Hz
	-2.29
	0.10

	Tempete
	CIF, 30Hz
	-3.27
	0.13

	Funfair
	CIF, 30Hz
	-3.47
	0.19

	Average
	-2.39
	0.12


Table 6 Results of Test 4: 2 B-frames, 5 reference frames, CABAC

	Test Sequences
	average % bit savings 
	average dB PSNR gain 

	Container 
	QCIF, 10Hz
	-0.92
	0.04

	Foreman 
	QCIF, 10Hz
	-1.63
	0.08

	News 
	QCIF, 10Hz
	-1.46
	0.09

	Silent 
	QCIF, 15Hz
	-1.91
	0.09

	Paris 
	CIF, 15Hz
	-3.58
	0.19

	Carphone
	CIF, 15Hz
	-2.81
	0.13

	Mobile
	CIF, 30Hz
	-2.08
	0.09

	Tempete
	CIF, 30Hz
	-2.64
	0.10

	Funfair
	CIF, 30Hz
	-3.57
	0.19

	Average
	-2.29
	0.11


Table 7 Results of Test 5: P-frames only, 1 reference frame, UVLC

	Test Sequences
	average % bit savings 
	average dB PSNR gain 

	Container 
	QCIF, 10Hz
	-0.65
	0.03

	Foreman 
	QCIF, 10Hz
	-3.20
	0.16

	News 
	QCIF, 10Hz
	-1.81
	0.10

	Silent 
	QCIF, 15Hz
	-2.74
	0.12

	Paris 
	CIF, 15Hz
	-2.09
	0.11

	Carphone
	CIF, 15Hz
	-2.17
	0.10

	Mobile
	CIF, 30Hz
	-0.65
	0.03

	Tempete
	CIF, 30Hz
	-1.05
	0.04

	Funfair
	CIF, 30Hz
	-2.47
	0.14

	Average
	-1.87
	0.09


Table 8 Results of Test 6: P-frames only, 5 reference frames, UVLC

	Test Sequences
	average % bit savings 
	average dB PSNR gain 

	Container 
	QCIF, 10Hz
	-0.15
	0.01

	Foreman 
	QCIF, 10Hz
	-2.47
	0.15

	News 
	QCIF, 10Hz
	-1.70
	0.10

	Silent 
	QCIF, 15Hz
	-2.18
	0.11

	Paris 
	CIF, 15Hz
	-1.01
	0.05

	Carphone
	CIF, 15Hz
	-1.72
	0.08

	Mobile
	CIF, 30Hz
	-0.22
	0.01

	Tempete
	CIF, 30Hz
	-0.59
	0.03

	Funfair
	CIF, 30Hz
	-2.07
	0.12

	Average
	-1.35
	0.07


]

Table 9 Investigation of 1/8-pel MC for QCIF: 2 B-frames, 1 reference frame, CABAC

	
	JM-1/4 

vs. 

JM-1/8
	AMVC-1/4 vs.

 AMVC-1/8
	JM-1/8 

vs. 

AMVC-1/8
	JM-1/4

vs. 

AMVC-1/4
	JM-1/4

vs. 

AMVC-1/8

	
	%
	dB 
	%
	dB 
	%
	dB 
	%
	dB 
	%
	dB 

	Container 
	-3.36
	0.18
	-2.94
	0.16
	-0.22
	0.01
	-0.52
	0.03
	-3.49
	0.19

	Foreman 
	3.11
	-0.15
	1.94
	-0.09
	-3.30
	0.17
	-2.23
	0.11
	-0.28
	0.01

	News 
	1.11
	-0.06
	-0.38
	0.02
	-3.18
	0.19
	-1.75
	0.10
	-2.11
	0.13

	Silent
	3.13
	-0.14
	2.29
	-0.11
	-2.80
	0.13
	-2.04
	0.10
	0.22
	-0.01

	Average
	1.00
	-0.06
	0.23
	-0.01
	-2.38
	0.13
	-1.64
	0.09
	-1.42
	0.08


Table 10 Investigation of 1/8-pel MC for QCIF: 2 B-frames, 5 reference frames, CABAC

	
	JM-1/4 

vs. 

JM-1/8
	AMVC-1/4 vs.

 AMVC-1/8
	JM-1/8 

vs. 

AMVC-1/8
	JM-1/4

vs. 

AMVC-1/4
	JM-1/4

vs. 

AMVC-1/8

	
	%
	dB 
	%
	dB 
	%
	dB 
	%
	dB 
	%
	dB 

	Container 
	-3.25
	0.17
	-3.07
	0.17
	-0.65
	0.04
	-0.92
	0.04
	-3.87
	0.21

	Foreman 
	4.09
	-0.19
	1.67
	-0.08
	-3.85
	0.20
	-1.63
	0.08
	0.08
	0.00

	News 
	1.48
	-0.09
	-0.40
	0.03
	-3.27
	0.21
	-1.46
	0.09
	-1.84
	0.11

	Silent
	3.32
	-0.15
	2.21
	-0.10
	-2.94
	0.14
	-1.91
	0.09
	0.28
	-0.01

	Average
	1.41
	-0.07
	0.10
	0.01
	-2.68
	0.15
	-1.48
	0.08
	-1.34
	0.08


Table 11 Comparison of averaged PSNR and bitrate: 2-B frames, UVLC, 1 Reference frame
	Sequence
	JM1.7
	AMVC

	
	kbsp
	dB (Y, U, V)
	kbsp
	dB (Y, U, V)

	Container

QCIF

10Hz
	28
	4.24
	28.19, 36.95, 35.70
	4.23
	28.20, 37.00, 35.70

	
	24
	6.95
	30.93, 37.36, 36.62
	6.89
	30.94, 37.38, 36.61

	
	20
	11.59
	33.59, 38.91, 38.48
	11.57
	33.62, 38.94, 38.42

	
	16
	20.72
	36.14, 40.55, 40.03
	20.71
	36.18, 40.55, 40.09

	Foreman

QCIF

10Hz
	28
	17.61
	28.37, 35.85, 36.48
	17.52
	28.44, 35.94, 36.62

	
	24
	28.86
	30.89, 36.55, 37.34
	28.58
	31.00, 36.57, 37.36

	
	20
	48.05
	33.29, 37.86, 38.95
	47.13
	33.32, 37.79, 38.97

	
	16
	80.53
	35.73, 39.03, 40.48
	78.37
	35.74, 39.02, 40.49

	News

QCIF

10Hz
	28
	10.30
	28.19, 34.73, 35.52
	10.14
	28.21, 34.80, 35.54

	
	24
	17.42
	31.03, 35.87, 36.80
	16.88
	31.09, 35.88, 36.82

	
	20
	28.33
	33.92, 37.61, 38.28
	28.11
	33.97, 37.63, 38.29

	
	16
	45.97
	36.74, 39.20, 39.71
	45.34
	36.73, 39.16, 39.71

	Silent

QCIF

15Hz
	28
	11.54
	28.20, 34.31, 36.16
	11.44
	28.25, 34.27, 36.14

	
	24
	21.01
	30.69, 35.00, 36.83
	20.67
	30.74, 35.01, 36.83

	
	20
	36.51
	33.19, 36.56, 37.94
	35.88
	33.22, 36.60, 37.99

	
	16
	59.91
	35.82, 38.23, 39.01
	58.54
	35.84, 38.26, 39.04

	Paris

CIF

15Hz
	28
	65.29
	26.84, 33.33, 33.65
	63.25
	26.94, 33.29, 33.64

	
	24
	113.75
	29.72, 34.72, 35.00
	109.11
	29.78, 34.74, 35.01

	
	20
	197.24
	32.54, 36.51, 36.69
	190.69
	32.57, 36.56, 36.76

	
	16
	332.20
	35.47, 38.42, 38.39
	323.83
	35.47, 38.36, 38.37

	Carphone
CIF

15Hz
	28
	58.50
	30.32, 37.53, 38.22
	58.16
	30.40, 37.45, 38.25

	
	24
	105.04
	32.90, 38.48, 39.38
	103.64
	32.99, 38.48, 39.42

	
	20
	181.45
	35.30, 39.98, 41.09
	177.42
	35.37, 40.12, 41.15

	
	16
	300.56
	37.63, 41.28, 42.43
	293.67
	37.66, 41.29, 42.40

	Mobile

CIF

30Hz
	28
	162.08
	25.10, 30.28, 29.92
	157.75
	25.15, 30.26, 29.91

	
	24
	299.42
	27.88, 31.40, 31.13
	291.01
	27.92, 31.36, 31.15

	
	20
	625.11
	30.75, 33.29, 33.13
	614.32
	30.76, 33.29, 33.14

	
	16
	1287.17
	33.84, 35.17, 35.05
	1272.52
	33.84, 35.16, 35.06

	Tempete

CIF

30Hz
	28
	134.60
	26.73, 32.66, 34.99
	133.86
	26.83, 32.66, 34.99

	
	24
	255.84
	29.31, 33.62, 35.85
	250.64
	29.39, 33.63, 35.84

	
	20
	519.20
	31.92, 35.15, 37.21
	507.28
	31.95, 35.15, 37.21

	
	16
	1071.05
	34.76, 36.54, 38.43
	1052.77
	34.77, 36.56, 38.45

	Funfair
CIF

30Hz
	28
	422.16
	25.90, 34.40, 34.30
	405.04
	25.96, 34.40, 34.29

	
	24
	769.69
	28.69, 35.04, 35.01
	733.24
	28.72, 35.05, 35.05

	
	20
	1296.56
	31.52, 36.22, 36.30
	1245.49
	31.52, 36.24, 36.31

	
	16
	2081.65
	34.43, 37.45, 37.57
	2017.21
	34.42, 37.46, 37.58


Table 12 Comparison of averaged PSNR and bitrate: 2-B frames, UVLC, 5 Reference frames
	Sequence
	JM1.7
	AMVC

	
	kbsp
	dB (Y, U, V)
	kbsp
	dB (Y, U, V)

	Container

QCIF

10Hz
	28
	4.38
	28.21, 36.96, 35.66
	4.35
	28.23, 36.94, 35.67

	
	24
	7.07
	30.95, 37.38, 36.58
	7.05
	30.93, 37.34, 36.63

	
	20
	11.78
	33.62, 38.96, 38.46
	11.75
	33.63, 38.98, 38.44

	
	16
	20.77
	36.17, 40.59, 40.09
	20.71
	36.16, 40.54, 40.13

	Foreman

QCIF

10Hz
	28
	17.51
	28.52, 36.00, 36.72
	17.42
	28.54, 36.04, 36.85

	
	24
	27.88
	31.06, 36.77, 37.63
	27.60
	31.16, 36.72, 37.59

	
	20
	45.81
	33.44, 37.95, 39.02
	44.59
	33.49, 37.96, 39.03

	
	16
	75.45
	35.86, 39.08, 40.58
	73.99
	35.87, 39.09, 40.57

	News

QCIF

10Hz
	28
	10.29
	28.24, 34.81, 35.59
	10.11
	28.28, 34.73, 35.54

	
	24
	17.31
	31.08, 35.97, 36.72
	16.83
	31.07, 35.95, 36.72

	
	20
	28.33
	34.01, 37.67, 38.38
	27.75
	34.03, 37.70, 38.32

	
	16
	45.38
	36.80, 39.16, 39.67
	44.84
	36.81, 39.27, 39.70

	Silent

QCIF

15Hz
	28
	11.09
	28.28, 34.38, 36.33
	11.10
	28.35, 34.45, 36.26

	
	24
	20.04
	30.79, 35.15, 37.00
	19.82
	30.83, 35.12, 36.97

	
	20
	34.49
	33.31, 36.68, 38.04
	33.67
	33.32, 36.69, 38.04

	
	16
	56.56
	35.96, 38.44, 39.16
	55.34
	35.97, 38.42, 39.12

	Paris

CIF

15Hz
	28
	62.59
	27.00, 33.40, 33.76
	61.81
	27.06, 33.32, 33.74

	
	24
	109.25
	29.84, 34.89, 35.07
	105.29
	29.88, 34.89, 35.12

	
	20
	188.73
	32.64, 36.68, 36.81
	182.61
	32.67, 36.70, 36.85

	
	16
	319.73
	35.55, 38.57, 38.46
	311.14
	35.55, 38.55, 38.46

	Carphone
CIF

15Hz
	28
	59.03
	30.42, 37.47, 38.27
	58.80
	30.46, 37.50, 38.30

	
	24
	104.00
	33.05, 38.52, 39.42
	102.67
	33.14, 38.49, 39.48

	
	20
	178.25
	35.48, 40.06, 41.03
	174.94
	35.52, 40.06, 41.00

	
	16
	292.21
	37.75, 41.36, 42.47
	286.17
	37.80, 41.40, 42.39

	Mobile

CIF

30Hz
	28
	164.35
	25.20, 30.28, 29.93
	160.14
	25.23, 30.28, 29.95

	
	24
	297.03
	28.03, 31.40, 31.16
	290.50
	28.05, 31.40, 31.16

	
	20
	597.11
	30.92, 33.30, 33.15
	587.50
	30.93, 33.31, 33.15

	
	16
	1182.17
	34.01, 35.20, 35.10
	1168.29
	34.00, 35.20, 35.09

	Tempete

CIF

30Hz
	28
	132.57
	26.99, 32.76, 35.18
	131.85
	27.06, 32.77, 35.17

	
	24
	244.49
	29.57, 33.73, 36.00
	241.44
	29.65, 33.73, 35.03

	
	20
	489.03
	32.14, 35.25, 37.37
	480.01
	32.19, 35.26, 37.38

	
	16
	994.67
	34.95, 36.66, 38.63
	978.37
	34.95, 36.66, 38.62

	Funfair
CIF

30Hz
	28
	404.51
	26.03, 34.46, 34.34
	389.68
	26.09, 34.49, 34.39

	
	24
	735.54
	28.81, 35.14, 35.09
	703.63
	28.85, 35.15, 35.09

	
	20
	1238.58
	31.61, 36.30, 36.40
	1191.57
	31.63, 36.32, 36.42

	
	16
	1988.54
	34.51, 37.52, 37.66
	1927.75
	34.50, 37.55, 37.67


Table 13 Comparison of averaged PSNR and bitrate: 2-B frames, CABAC, 1 Reference frame

	Sequence
	JM1.7
	AMVC

	
	kbsp
	dB (Y, U, V)
	kbsp
	dB (Y, U, V)

	Container

QCIF

10Hz
	28
	4.05
	28.22, 36.97, 35.75
	4.06
	28.28, 36.92, 35.65

	
	24
	6.69
	30.95, 37.39, 36.60
	6.66
	30.97, 37.42, 36.70

	
	20
	11.04
	33.63, 38.98, 38.57
	10.99
	33.62, 39.01, 38.53

	
	16
	19.25
	36.20. 40.46, 40.08
	19.19
	36.22, 40.47, 40.09

	Foreman

QCIF

10Hz
	28
	15.62
	28.42, 35.82, 36.55
	15.48
	28.53, 35.85, 36.58

	
	24
	26.39
	30.99, 36.59, 37.36
	26.04
	31.01, 36.54, 37.41

	
	20
	44.29
	33.39, 37.81, 38.94
	43.40
	33.41, 37.79, 39.00

	
	16
	74.26
	35.78, 39.02, 40.52
	72.66
	35.79, 39.09, 40.51

	News

QCIF

10Hz
	28
	9.68
	28.21, 34.70, 35.47
	9.67
	28.28, 34.77, 35.54

	
	24
	16.49
	31.08, 35.95, 36.80
	16.16
	31.12, 35.99, 36.81

	
	20
	26.85
	33.95, 37.62, 38.33
	26.51
	33.95, 37.64, 38.31

	
	16
	42.58
	36.80, 39.18, 39.71
	42.29
	36.80, 39.23, 39.64

	Silent

QCIF

15Hz
	28
	10.84
	28.29, 34.18, 36.16
	10.65
	28.28, 34.24, 36.19

	
	24
	19.78
	30.78, 35.03, 36.82
	19.49
	30.81, 35.01, 36.79

	
	20
	34.08
	33.24, 36.57, 37.92
	33.50
	33.27, 36.58, 37.90

	
	16
	55.76
	35.89, 38.22, 39.01
	54.86
	35.88, 38.24, 39.01

	Paris

CIF

15Hz
	28
	59.30
	26.90, 33.28, 33.61
	57.73
	26.95, 33.31, 33.67

	
	24
	105.05
	29.76, 34.71, 35.03
	101.80
	29.80, 34.74, 34.93

	
	20
	181.96
	32.57, 36.53, 36.73
	177.07
	32.61, 36.52, 36.75

	
	16
	303.24
	35.50, 38.39, 38.39
	296.72
	35.50, 38.36, 38.37

	Carphone
CIF

15Hz
	28
	50.69
	30.37, 37.43, 38.22
	50.77
	30.44, 37.43, 38.19

	
	24
	94.74
	33.02, 38.45, 39.42
	93.40
	33.06, 38.51, 39.41

	
	20
	165.19
	35.37, 39.98, 41.05
	162.45
	35.43, 40.00, 41.03

	
	16
	274.53
	37.69, 41.29, 42.39
	269.16
	37.72, 41.32, 42.40

	Mobile

CIF

30Hz
	28
	144.68
	25.11, 30.26, 29.93
	141.60
	25.18, 30.27, 29.93

	
	24
	272.92
	27.92, 31.40, 31.14
	267.94
	27.96, 31.40, 31.15

	
	20
	570.47
	30.80, 33.29, 33.16
	563.85
	30.83, 33.29, 33.16

	
	16
	1156.86
	33.89, 35.17, 35.07
	1147.63
	33.90, 35.17, 35.07

	Tempete

CIF

30Hz
	28
	121.09
	26.77, 32.66, 35.00
	119.66
	26.86, 32.71, 35.02

	
	24
	236.61
	29.35, 33.62, 35.83
	232.33
	29.43, 33.64, 35.82

	
	20
	480.80
	31.96, 35.18, 37.19
	471.76
	32.01, 35.19, 37.23

	
	16
	975.01
	34.81, 36.55, 38.44
	960.22
	34.82, 36.58, 38.44

	Funfair
CIF

30Hz
	28
	376.92
	25.99, 34.38, 34.26
	365.66
	26.01, 34.39, 34.29

	
	24
	692.35
	28.76, 35.01, 35.01
	668.72
	28.79, 35.04, 35.02

	
	20
	1166.81
	31.57, 36.23, 36.30
	1130.13
	31.58, 36.22, 36.30

	
	16
	1855.81
	34.47, 37.45, 37.57
	1810.69
	34.47, 37.46, 37.58


Table 14 Comparison of averaged PSNR and bitrate: 2-B frames, CABAC, 5 Reference frames

	Sequence
	JM1.7
	AMVC

	
	kbsp
	dB (Y, U, V)
	kbsp
	dB (Y, U, V)

	Container

QCIF

10Hz
	28
	4.21
	28.25, 36.87, 35.68
	4.16
	28.26, 36.97, 35.72

	
	24
	6.75
	30.94, 37.35, 36.63
	6.66
	30.97, 37.43, 36.64

	
	20
	11.00
	33.65, 38.97, 38.52
	11.05
	33.67, 38.99, 38.55

	
	16
	19.24
	36.24. 40.48, 40.11
	19.21
	36.25, 40.53, 40.11

	Foreman

QCIF

10Hz
	28
	15.17
	28.61, 35.94, 36.92
	15.19
	28.70, 35.98, 36.84

	
	24
	25.27
	31.19, 36.68, 37.57
	24.79
	31.16, 36.68, 37.57

	
	20
	41.73
	33.52, 37.93, 38.99
	41.10
	33.54, 37.92, 39.01

	
	16
	69.16
	35.90, 39.08, 40.57
	67.93
	35.91, 39.08, 40.53

	News

QCIF

10Hz
	28
	9.69
	28.29, 34.67, 35.52
	9.54
	28.31, 34.77, 35.57

	
	24
	16.34
	31.15, 35.94, 36.76
	16.00
	31.15, 35.93, 36.79

	
	20
	26.59
	34.01, 37.65, 38.33
	26.35
	34.01, 37.68, 38.41

	
	16
	42.20
	36.85, 39.31, 39.74
	41.81
	36.84, 39.26, 39.75

	Silent

QCIF

15Hz
	28
	10.43
	28.34, 34.29, 36.28
	10.36
	28.36, 34.38, 36.30

	
	24
	18.94
	30.88, 35.08, 36.89
	18.66
	30.91, 35.10, 36.97

	
	20
	32.34
	33.35, 36.64, 38.03
	31.75
	33.36, 36.66, 38.05

	
	16
	52.82
	36.01, 38.42, 39.13
	51.78
	35.99, 38.44, 39.16

	Paris

CIF

15Hz
	28
	56.65
	26.98, 33.39, 33.78
	55.35
	27.04, 33.35, 33.78

	
	24
	100.19
	29.86, 34.85, 35.06
	96.90
	29.91, 34.83, 35.06

	
	20
	173.23
	32.67, 36.63, 36.88
	168.29
	32.70, 36.71, 36.83

	
	16
	290.67
	35.57, 38.57, 38.50
	284.10
	35.57, 38.59, 38.45

	Carphone
CIF

15Hz
	28
	50.51
	30.54, 37.47, 38.28
	50.39
	30.56, 37.49, 38.18

	
	24
	92.68
	33.15, 38.48, 39.44
	91.22
	33.22, 38.61, 39.56

	
	20
	161.39
	35.54, 40.02, 41.04
	158.03
	35.59, 40.12, 41.09

	
	16
	265.26
	37.81, 41.40, 42.48
	260.03
	37.85, 41.37, 42.46

	Mobile

CIF

30Hz
	28
	142.98
	25.20, 30.31, 29.95
	139.35
	25.24, 30.30, 29.94

	
	24
	267.67
	28.04, 31.41, 31.16
	262.55
	28.07, 31.43, 31.19

	
	20
	543.99
	30.97, 33.32, 33.18
	536.86
	30.98, 33.34, 33.18

	
	16
	1059.88
	34.06, 35.22, 35.12
	1050.20
	34.07, 35.22, 35.12

	Tempete

CIF

30Hz
	28
	117.00
	27.03, 32.78, 35.17
	115.70
	27.08, 32.77, 35.15

	
	24
	223.53
	29.61, 33.75, 36.00
	220.38
	29.68, 33.74, 36.01

	
	20
	449.31
	32.20, 35.28, 37.38
	442.38
	32.24, 35.27, 37.36

	
	16
	903.98
	35.00, 36.66, 38.63
	889.86
	35.00, 36.66, 38.63

	Funfair
CIF

30Hz
	28
	360.83
	26.12, 34.45, 34.36
	349.93
	26.15, 34.49, 34.36

	
	24
	659.65
	28.89, 35.13, 35.09
	636.82
	28.92, 35.14, 35.09

	
	20
	1111.54
	31.65, 36.32, 36.40
	1077.03
	31.67, 36.32, 36.41

	
	16
	1771.07
	34.55, 37.53, 37.67
	1727.28
	34.55, 37.55, 37.67


Table 15 Comparison of averaged PSNR and bitrate: P-frames only, UVLC, 1 Reference frame

	Sequence
	JM1.7
	AMVC

	
	kbsp
	dB (Y, U, V)
	kbsp
	dB (Y, U, V)

	Container

QCIF

10Hz
	28
	4.79
	28.06, 36.78, 35.54
	4.79
	28.10, 36.81, 35.56

	
	24
	8.36
	30.82, 37.37, 36.53
	8.34
	30.83, 37.31, 36.53

	
	20
	14.46
	33.44, 38.86, 38.30
	14.44
	33.47, 38.86, 38.31

	
	16
	26.45
	36.05, 40.28, 40.04
	26.45
	36.08, 40.34, 39.98

	Foreman

QCIF

10Hz
	28
	18.60
	28.72, 35.93, 36.41
	18.57
	28.85, 35.87, 36.49

	
	24
	29.97
	31.19, 36.64, 37.27
	29.85
	31.36, 36.67, 37.27

	
	20
	49.29
	33.56, 37.85, 38.90
	48.68
	33.66, 37.89, 38.90

	
	16
	81.52
	35.99, 39.05, 40.46
	80.63
	36.02, 39.01, 40.47

	News

QCIF

10Hz
	28
	10.75
	28.24, 34.70, 35.48
	10.59
	28.24, 34.73, 35.47

	
	24
	18.42
	31.08, 35.91, 36.80
	18.11
	31.10, 36.88, 36.83

	
	20
	30.19
	33.96, 37.59, 38.28
	29.85
	34.01, 37.61, 38.29

	
	16
	48.15
	36.81, 39.12, 39.64
	47.83
	36.83, 39.20, 39.67

	Silent

QCIF

15Hz
	28
	12.50
	28.25, 34.21, 35.99
	12.51
	28.33, 34.19, 36.07

	
	24
	22.46
	30.73, 34.91, 36.77
	22.31
	30.83, 34.98, 36.75

	
	20
	38.21
	33.26, 36.52, 37.95
	37.65
	33.31, 36.54, 37.94

	
	16
	61.79
	35.94, 38.17, 38.99
	61.06
	35.95, 38.22, 38.96

	Paris

CIF

15Hz
	28
	61.31
	26.91, 33.00, 33.60
	60.93
	26.93, 33.05, 33.62

	
	24
	115.23
	29.80, 34.60, 34.94
	113.91
	29.87, 34.59, 34.91

	
	20
	203.72
	32.65, 36.50, 36.68
	201.85
	32.70, 36.51, 36.64

	
	16
	341.09
	35.58, 38.36, 38.35
	339.29
	35.60, 38.33, 38.32

	Carphone
CIF

15Hz
	28
	65.07
	30.75, 37.39, 38.14
	65.24
	30.84, 37.41, 38.16

	
	24
	114.73
	33.28, 38.43, 39.48
	114.69
	33.38, 38.39, 39.39

	
	20
	195.59
	35.62, 39.96, 40.99
	194.47
	35.70, 39.92, 40.97

	
	16
	321.95
	37.93, 41.24, 42.28
	319.59
	37.98, 41.20, 42.32

	Mobile

CIF

30Hz
	28
	248.63
	24.59, 29.98, 29.63
	245.62
	24.62, 29.99, 29.64

	
	24
	490.86
	27.56, 31.15, 30.89
	489.46
	27.58, 31.15, 30.89

	
	20
	1022.39
	30.66, 33.15, 32.96
	1021.53
	30.67, 33.16, 32.97

	
	16
	1935.65
	33.90, 35.09, 34.97
	1933.33
	33.91, 35.09, 34.96

	Tempete

CIF

30Hz
	28
	177.76
	26.40, 32.46, 34.77
	177.87
	26.47, 32.47, 34.79

	
	24
	350.06
	29.04, 33.51, 35.70
	349.52
	29.08, 33.52, 35.71

	
	20
	723.09
	31.85, 35.07, 37.11
	720.64
	31.87, 35.11, 37.12

	
	16
	1414.23
	34.85, 36.51, 38.33
	1408.80
	34.87, 36.52, 38.32

	Funfair
CIF

30Hz
	28
	446.51
	26.19, 34.41, 34.32
	438.31
	26.27, 34.43, 34.32

	
	24
	804.43
	28.99, 35.07, 35.06
	792.30
	29.06, 35.07, 35.06

	
	20
	1340.35
	31.78, 36.25, 36.32
	1323.32
	31.83, 36.25, 36.31

	
	16
	2132.33
	34.66, 37.45, 37.55
	2113.64
	34.69, 37.46, 37.56


Table 16 Comparison of averaged PSNR and bitrate: P-frames only, UVLC, 5 Reference frames

	Sequence
	JM1.7
	AMVC

	
	kbsp
	dB (Y, U, V)
	kbsp
	dB (Y, U, V)

	Container

QCIF

10Hz
	28
	4.99
	28.17, 36.79, 35.57
	5.01
	28.16, 36.84, 35.57

	
	24
	8.56
	30.86, 37.36, 36.57
	8.53
	30.87, 37.36, 36.60

	
	20
	14.13
	33.56, 38.98, 38.47
	14.15
	33.56, 38.95, 38.47

	
	16
	24.85
	36.10, 40.43, 40.06
	24.77
	36.11, 40.49, 40.11

	Foreman

QCIF

10Hz
	28
	18.82
	28.98, 35.91, 36.52
	18.92
	29.03, 35.93, 36.58

	
	24
	29.65
	31.40, 36.63, 37.45
	29.59
	31.55, 36.74, 37.41

	
	20
	47.79
	33.79, 37.95, 38.91
	47.22
	33.87, 37.93, 38.99

	
	16
	77.35
	36.15, 39.04, 40.51
	76.76
	36.20, 39.06, 40.55

	News

QCIF

10Hz
	28
	10.81
	28.25, 34.66, 35.48
	10.77
	28.30, 34.74, 35.53

	
	24
	18.33
	31.13, 35.85, 36.73
	18.08
	31.16, 35.84, 36.72

	
	20
	29.82
	34.05, 37.58, 38.28
	29.55
	34.10, 37.57, 38.33

	
	16
	47.49
	36.85, 39.19, 39.62
	47.10
	36.89, 39.17, 39.62

	Silent

QCIF

15Hz
	28
	12.45
	28.34, 34.26, 36.15
	12.38
	28.42, 34.28, 36.17

	
	24
	21.89
	30.85, 35.02, 36.85
	21.75
	30.90, 35.01, 36.84

	
	20
	37.02
	33.38, 36.61, 38.01
	36.45
	33.45, 36.65, 38.00

	
	16
	59.05
	36.05, 38.33, 39.08
	58.54
	36.07, 38.31, 39.05

	Paris

CIF

15Hz
	28
	60.74
	26.99, 33.11, 33.58
	60.44
	27.03, 33.09, 33.60

	
	24
	112.32
	29.91, 34.65, 35.00
	111.08
	29.92, 34.58, 34.97

	
	20
	196.68
	32.74, 36.50, 36.74
	195.80
	32.76, 36.46, 36.67

	
	16
	329.73
	35.64, 38.45, 38.34
	329.06
	35.65, 38.40, 38.39

	Carphone
CIF

15Hz
	28
	65.21
	30.98, 37.41, 38.28
	65.66
	31.05, 37.42, 38.29

	
	24
	112.27
	33.54, 38.40, 39.58
	112.21
	33.62, 38.42, 39.57

	
	20
	187.53
	35.87, 40.05, 41.08
	187.36
	35.96, 40.06, 41.02

	
	16
	304.34
	38.11, 41.29, 42.43
	302.42
	38.16, 41.33, 42.42

	Mobile

CIF

30Hz
	28
	240.76
	25.20, 30.08, 29.72
	240.43
	25.22, 30.10, 29.73

	
	24
	423.22
	28.11, 31.28, 31.01
	421.27
	28.10, 31.27, 31.01

	
	20
	829.90
	31.01, 33.25, 33.10
	830.48
	31.02, 33.24, 33.09

	
	16
	1587.18
	34.13, 35.20, 35.10
	1585.66
	34.13, 35.21, 35.09

	Tempete

CIF

30Hz
	28
	172.79
	26.82, 32.55, 34.85
	173.21
	26.87, 32.52, 34.87

	
	24
	316.60
	29.54, 33.62, 35.82
	316.78
	29.58, 33.62, 35.81

	
	20
	619.04
	32.24, 35.22, 37.25
	618.35
	32.25, 35.21, 37.26

	
	16
	1207.82
	35.13, 36.65, 38.53
	1207.33
	35.14, 36.64, 38.53

	Funfair
CIF

30Hz
	28
	432.48
	26.34, 34.49, 34.36
	427.16
	26.40, 34.52, 34.37

	
	24
	770.63
	29.12, 35.16, 35.12
	761.78
	29.20, 35.14, 35.11

	
	20
	1274.05
	31.90, 36.31, 36.39
	1261.65
	31.94, 36.33, 36.38

	
	16
	2016.15
	34.76, 37.53, 37.63
	2003.11
	34.79, 37.53, 37.62


Annex A. Changes to the WD

1. Figure 7-1 and Figure 11-2 Macroblock syntax diagrams
The code point for MVDA, which indicates the accuracy of motion vector data in a macroblock, is needed to insert in Figure 7.1 and Figure 11-2.
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Figure 7-1 – Syntax diagram for all the elements in the macroblock layer
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Figure 11-2 – Syntax diagram for B pictures [Ed. Note: Add PSTRUCT]
2. Clause 7.3.4, 7.3.5 and 7.2.6 Coded macroblock layer syntax
The code point for MVDA, which indicates the accuracy of motion vector data in a macroblock, is needed to insert in data syntax for macroblock. The revisions for MVDA are done based on the revised version of syntax, which agrees to the latest JM software, provided us by Dr. Heiko Schwarz (HHI).
7.3.4
Coded macroblock layer syntax

	coded_macroblock_layer( ) {
	Category
	Mnemonic

	
mb_type
	4
	ecselbf

	
if ( mb_type = = MB8x8refX | | mb_type = = MB8x8ref0 )
	
	

	

prediction8x8( mb_type )
	
	

	
else
	
	

	

prediction16x16( mb_type )
	
	

	
if ( mb_type != MBintra16x16 )
	
	

	

cbp
	4
	ecselbf

	
if  ( cbp ||   (mb_type = = MBintra16x16)) {
	
	

	

delta_quant
	4
	ecselbf

	

residual( )
	
	

	
}
	
	

	}
	
	


7.3.5
Prediction data for 8x8 modes

	prediction8x8( mb_type ) {
	Category
	Mnemonic

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

	

region8x8_type[i]
	4
	ecselbf

	
for( i=0; i<4; i++){
	
	

	

if ( region8x8_type[i] = = Intra )
	
	

	


for ( i4x4=0; i4x4<4; i4x4++ )
	
	

	



intra_pred_mode
	4
	ecselbf

	
}
	
	

	
for( i=0; i<4; i++){
	
	

	

if (  multiple_fwd_reference_pictures() &&




mb_type ! = MB8x8ref0 && region8x8_type[i] != Intra &&





region8x8_type[i] != Direct &&





region8x8_prediction_type[i] != Backw.)
	
	

	


if ( two_picture_fwd_prediction() )
	
	

	



ref_idx_fwd
	4
	uimsbf(1)

	


else
	
	

	



ref_idx_fwd
	4
	ecselbf

	
}
	
	

	
if (MultiHypothesisPicture ())
	
	

	

for (i=0; i<4; i++) {
	
	

	


if ( 
multiple_bwd_ref_pictures() && region8x8_type[i] != 





Intra && region8x8_type[i] != Direct && 





region8x8_prediction_type[i] != Forw.)
	
	

	



if ( two_picture_bwd_prediction() )
	
	

	




ref_idx_bwd
	4
	uimsbf(1)

	



else
	
	

	




ref_idx_bwd
	4
	ecselbf

	

}
	
	

	
if(mb_type != MB8x8ref0 && 


(number_region8x8_mvectors[region8x8_type[0]] || 



(number_region8x8_mvectors[region8x8_type[1]] ||



(number_region8x8_mvectors[region8x8_type[2]] ||



(number_region8x8_mvectors[region8x8_type[3]] ) ) 
	
	

	

mvda
	4
	ecselbf

	
for( k=0; k<4; k++){
	
	

	   if(region8x8_type[k] != Intra && region8x8_type[k] != Direct && 


region8x8_prediction_type[i] != Backw.)
	
	

	

for ( i=0; i<number_region8x8_mvectors[region8x8_type[k]]; i++ ) 

{
	
	

	


for ( j=0; j<2; j++ )
	
	

	



mvd_fwd[k][i][j]
	4
	ecselbf

	

}
	
	

	
}
	
	

	
if (MultiHypothesisPicture ())
	
	

	

for( k=0; k<4; k++){
	
	

	   
if(
region8x8_type[k] != Intra && region8x8_type[k] != Direct && 


region8x8_prediction_type[i] != Forw.)
	
	

	


for ( i=0; i<number_region8x8_mvectors[region8x8_type[k]]; 





i++ ){
	
	

	



for ( j=0; j<2; j++ )
	
	

	




mvd_bwd[k][i][j]
	4
	ecselbf

	


}
	
	

	

}
	
	

	}
	
	


7.3.6
Prediction data for 16x16 modes

	prediction16x16( mb_type ) {
	Category
	Mnemonic

	
if ( mb_type = = MBintra4x4 )
	
	

	

for ( i4x4=0; i4x4<16; i4x4++ )
	
	

	


intra_pred_mode
	4
	ecselbf

	
else if ( mb_type != MBintra16x16 && mb_type != MBdirect ) {
	
	

	
for(i=0; i<number_sub_block[mb_type]; i++){
	
	

	


if ( multiple_fwd_ref_pictures() &&




( mb_type = = MBfwd | |





mb_type = = MBbidir ) ) {
	
	

	



if ( two_picture_fwd_prediction() )
	
	

	




ref_idx_fwd
	4
	uimsbf(1)

	



else
	
	

	




ref_idx_fwd
	4
	ecselbf

	


}
	
	

	

}
	
	

	

if (MultiHypothesisPicture ())
	
	

	


for(i=0; i<number_sub_block[mb_type]; i++){
	
	

	



if ( multiple_bwd_ref_pictures() &&





( mb_type = = MBbwd | |






mb_type = = MBbidir ) ) {
	
	

	




if ( two_picture_bwd_prediction() )
	
	

	





ref_idx_bwd
	4
	uimsbf(1)

	




else
	
	

	





ref_idx_bwd
	4
	ecelbf

	



}
	
	

	

}
	
	

	

if(symbol_mode == CABAC)
	
	

	

mvda
	4
	ecselbf

	

for(i=0; i<number_mb_mvectors[mb_type]; i++) {
	
	

	


if ( mb_type = = MBfwd | | mb_type = = MBbidir )
	
	

	



for(j=0; j<2; j++)
	
	

	




mvd_fwd[j]
	4
	ecelbf

	

}
	
	

	

if (MultiHypothesisPicture ())
	
	

	


for(i=0; i<number_mb_mvectors[mb_type]; i++) {
	
	

	



if ( mb_type = = MBbwd | | mb_type = = MBbidir )
	
	

	




for(j=0; j<2; j++)
	
	

	





mvd_bwd[j]
	4
	ecelbf

	


}
	
	

	
}
	
	

	}
	
	


3. Clause 8.4.x Motion vector data accuracy

The semantics of MVDA is needed. Maybe the appropriate insert position of this semantics is just before “8.4.6 Motion Vector Data”.

8.4.x
Motion vector data accuracy (mvda)
This indicates the accuracy of differential motion vector data to be decoded in a macroblock. Table XX shows the meanings of various codeword. If CABAC is used for entropy coding and a macroblock has motion vector data to be decoded, an accuracy parameter is transmitted. If UVLC is used for entropy coding, this value is not transmitted except for the macroblock indicated by codeword 3 of macroblock type in P-pictures and specified by codeword of a macroblock type. The default value of this parameter is ‘0’.

Table XX – Connection between codeword and parameter values for mvda

Table XX -- fractional accuracy of motion vector data (MVD accuracy)

	Code number
	mvda
	Fractional accuracy of MVDs

	
	
	Interpolation mode

	
	
	1/4 sample
	1/8 sample

	0
	0
	1/4
	1/8

	1
	1
	1/2
	1/4

	2
	2
	1
	1/2

	3
	3
	-
	1


A reconstructed differential motion vector (MVDx, MVDy) shall be shifted left with zero fill before being added to a motion vector predictor (Px, Py) component wise to form the final motion vector (MVx, MVy) as follows:
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4. Clause 8.4.5 Reference picture (ref_idx_fwd)

The minor change related to additional macroblock types for indicating mvda is needed.

8.4.5
Reference picture (ref_idx_fwd)

…..

The reference index parameter is transmitted for each 16x16, 16x8, or 8x16 block. If the macroblock is coded in 8x8 mode, the reference frame parameter is coded once for each 8x8 sub-partition unless the 8x8 sub-partition is transmitted in intra mode. If the UVLC is used for entropy coding and the macroblock type is indicated by codeword 4 (8x8, ref=0, mvda=0), codeword 5(8x8, ref=0, mvda=1), codeword 6(8x8, ref=0, mvda=2) or codeword 7(8x8, ref=0, mvda=3), no reference frame parameters are transmitted for the whole macroblock. .…
5. Clause 8.4.6 Motion vector data (MVD)

The description on the shift operation is needed to add in the semantics for MVD.

8.4.6
Motion Vector Data (MVD)

If so indicated by MB_type, vector data for 1-16 blocks are transmitted.  For every block a prediction is formed for the horizontal and vertical components of the motion vector.  MVD signals the difference between the vector component to be used and this prediction at accuracy indicated by the mvda parameter. To get a motion vector component, MVD after shift operation described in section 8.4.x shall be added to the corresponding vector predictor component. The order in which vector data is sent is indicated in Figure 2. Motion vectors are allowed to point to samples outside the reference frame. .…
6. Clause 9.5 and Table 9-4 Entropy Coding

The additional macroblock types for indicating mvda are needed to add in the MB_type column.

Table 9-4 – Connection between codeword number and parameter values

	Code_

number
	RUN
	MB_Type
	8x8

mode
	MVD

D-QUANT
	CBP
	Tcoeff_chroma_DC1
	Tcoeff_chroma_AC1

Tcoeff_luma1
Simple scan
	Tcoeff_luma1
Double scan

	
	
	Intra
	Inter
	
	
	Intra
	Inter
	Level
	Run
	Level
	Run
	Level
	Run

	0
	0
	Intra4x4
	16x16
	8x8
	0
	47
	0
	EOB
	-
	EOB
	-
	EOB
	-

	1
	1
	0,0,02
	16x8
	8x4
	1
	31
	16
	1
	0
	1
	0
	1
	0

	2
	2
	1,0,0
	8x16
	4x8
	-1
	15
	1
	-1
	0
	-1
	0
	-1
	0

	3
	3
	2,0,0
	8x8
	4x4
	2
	0
	2
	2
	0
	1
	1
	1
	1

	4
	4
	3,0,0
	8x8 (ref=0, mvda=0)
	Intra
	-2
	23
	4
	-2
	0
	-1
	1
	-1
	1

	5
	5
	0,1,0
	8x8 (ref=0, mvda=1)
	
	3
	27
	8
	1
	1
	1
	2
	2
	0

	6
	6
	1,1,0
	8x8 (ref=0, mvda=2)
	
	-3
	29
	32
	-1
	1
	-1
	2
	-2
	0

	7
	7
	2,1,0
	8x8 (ref=0, mvda=3)
	
	4
	30
	3
	3
	0
	2
	0
	1
	2

	8
	8
	3,1,0
	Intra4x4
	
	-4
	7
	5
	-3
	0
	-2
	0
	-1
	2

	9
	9
	0,2,0
	0,0,02
	
	5
	11
	10
	2
	1
	1
	3
	3
	0

	10
	10
	1,2,0
	1,0,0
	
	-5
	13
	12
	-2
	1
	-1
	3
	-3
	0

	11
	11
	2,2,0
	2,0,0
	
	6
	14
	15
	1
	2
	1
	4
	4
	0

	12
	12
	3,2,0
	3,0,0
	
	-6
	39
	47
	-1
	2
	-1
	4
	-4
	0

	13
	13
	0,0,1
	0,1,0
	
	7
	43
	7
	1
	3
	1
	5
	5
	0

	14
	14
	1,0,1
	1,1,0
	
	-7
	45
	11
	-1
	3
	-1
	5
	-5
	0

	15
	15
	2,0,1
	2,1,0
	
	8
	46
	13
	4
	0
	3
	0
	1
	3

	16
	16
	3,0,1
	3,1,0
	
	-8
	16
	14
	-4
	0
	-3
	0
	-1
	3

	17
	17
	0,1,1
	0,2,0
	
	9
	3
	6
	3
	1
	2
	1
	1
	4

	18
	18
	1,1,1
	1,2,0
	
	-9
	5
	9
	-3
	1
	-2
	1
	-1
	4

	19
	19
	2,1,1
	2,2,0
	
	10
	10
	31
	2
	2
	2
	2
	2
	1

	20
	20
	3,1,1
	3,2,0
	
	-10
	12
	35
	-2
	2
	-2
	2
	-2
	1

	21
	21
	0,2,1
	0,0,1
	
	11
	19
	37
	2
	3
	1
	6
	3
	1

	22
	22
	1,2,1
	1,0,1
	
	-11
	21
	42
	-2
	3
	-1
	6
	-3
	1

	23
	23
	2,2,1
	2,0,1
	
	12
	26
	44
	5
	0
	1
	7
	6
	0

	24
	24
	3,2,1
	3,0,1
	
	-12
	28
	33
	-5
	0
	-1
	7
	-6
	0

	25
	25
	
	0,1,1
	
	13
	35
	34
	4
	1
	1
	8
	7
	0

	26
	26
	
	1,1,1
	
	-13
	37
	36
	-4
	1
	-1
	8
	-7
	0

	27
	27
	
	2,1,1
	
	14
	42
	40
	3
	2
	1
	9
	8
	0

	28
	28
	
	3,1,1
	
	-14
	44
	39
	-3
	2
	-1
	9
	-8
	0

	29
	29
	
	0,2,1
	
	15
	1
	43
	3
	3
	4
	0
	9
	0

	30
	30
	
	1,2,1
	
	-15
	2
	45
	-3
	3
	-4
	0
	-9
	0

	31
	31
	
	2,2,1
	
	16
	4
	46
	6
	0
	5
	0
	10
	0

	32
	32
	
	3,2,1
	
	-16
	8
	17
	-6
	0
	-5
	0
	-10
	0

	33
	33
	
	
	
	17
	17
	18
	5
	1
	3
	1
	4
	1

	34
	34
	
	
	
	-17
	18
	20
	-5
	1
	-3
	1
	-4
	1

	35
	35
	
	
	
	18
	20
	24
	4
	2
	3
	2
	2
	2

	36
	36
	
	
	
	-18
	24
	19
	-4
	2
	-3
	2
	-2
	2

	37
	37
	
	
	
	19
	6
	21
	4
	3
	2
	3
	2
	3

	38
	38
	
	
	
	-19
	9
	26
	-4
	3
	-2
	3
	-2
	3

	39
	39
	
	
	
	20
	22
	28
	7
	0
	2
	4
	2
	4

	40
	40
	
	
	
	-20
	25
	23
	-7
	0
	-2
	4
	-2
	4

	41
	41
	
	
	
	21
	32
	27
	6
	1
	2
	5
	2
	5

	42
	42
	
	
	
	-21
	33
	29
	-6
	1
	-2
	5
	-2
	5

	43
	43
	
	
	
	22
	34
	30
	5
	2
	2
	6
	2
	6

	44
	44
	
	
	
	-22
	36
	22
	-5
	2
	-2
	6
	-2
	6

	45
	45
	
	
	
	23
	40
	25
	5
	3
	2
	7
	2
	7

	46
	46
	
	
	
	-23
	38
	38
	-5
	3
	-2
	7
	-2
	7

	47
	47
	
	
	
	24
	41
	41
	8
	0
	2
	8
	11
	0

	
	..
	
	
	
	..
	
	
	..
	..
	..
	..
	..
	..


For the entries above the horizontal line, the table is needed for relation between code number and Level/Run/EOB.  For the remaining Level/Run combination there is a simple rule.  The Level/Run combinations are assigned a code number according to the following priority: 1) sign of Level (+ -) 2) Run (ascending) 3) absolute value of Level (ascending). 
In case of 1/4 sample interpolation mode, macroblock type does not have the codeword for 8x8 (ref=0, mvda=3).
For 16x16 based intra mode. The 3 numbers refer to values for (Imode,AC,nc) - see qq.

7. Clauses 10.2, 10.2.2 and 10.2.x Context Modeling for Coding of Motion and Mode Information

The description on context models for AMVC is needed. Maybe the appropriate insert position of clause 10.2.x is just after “10.2.3 Context Models for Reference Frame Parameter”.

10.2
Context Modeling for Coding of Motion and Mode Information

In this section we describe in detail the context modeling of our adaptive coding method for the syntax elements macroblock type (MB_type), motion vector data (MVD), reference frame parameter (ref_idx_fwd) and motion vector data accuracy (MVDA).

10.2.2
Context Models for Motion Vector Data

Motion vector data consists of residual vectors obtained by applying motion vector prediction and shift operation for the accuracy change. Thus, it is a reasonable approach to build a model conditioned on the local prediction error. ….

10.2.x Context Models for Motion Vector Data Accuracy
In case mvda is present, the context of a mvda C is build by using the mvda A and B of neighboring macroblocks (see Figure 10-2), and the number of motion vectors (N) to be decoded in the current MB. If the picture type is B-picture, N means the total number of motion vectors for forward and backward prediction. A context model ctx_mvd_accuracy(C) for the motion vector data accuracy parameter consisting of 10 different context models is defined:
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Thus, we obtain 10 different contexts, which, however, are only used for coding of first bin of binarization b(C) of C. Two additional models are given for the second bin and all remaining bins of b(C), which sum up to a total number of 10 different models for the motion vector data accuracy parameter.

8. Clause 11.2 and Table 11-2 Macroblock modes and 8x8 sub-partition modes

The additional macroblock types for indicating mvda are needed to add in the MB_type column. However, Table 11-2 should be moved to the main part of decoder process.

11.2
Macroblock modes and 8x8 sub-partition modes 

…..

For B frames, a similar tree-structured macroblock partitioning as in P-pictures is used. 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. If CABAC is used for entropy coding, an accuracy parameter for motion vector data is transmitted. 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 Table 11-1 and Table 11-2. Moreover, an 8x8 sub-partition of a B-frame macroblock can also be coded in Direct mode.

Table 11-1 – 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, mvde=0) for UVLC
8x8(split) for CABAC
	
	

	23
	8x8(split, mvda=1)
	
	

	24
	8x8(split, mvda=2)
	
	

	25
	8x8(split, mvda=3)
	
	

	26
	Intra4x4
	
	

	27 …
	Intra16x16
	
	


In case of CABAC mode, macroblock type does not have the codeword for 8x8 (mvda=1), 8x8 (mvda=2), or 8x8 (mvda=3) and codeword 22 is only used for specifying the 8x8 sub-partition mode. 
In case of 1/4 sample interpolation mode, macroblock type does not have the codeword for 8x8 (mvda=3).
9. Clause 11.4.1 Differential motion vectors

The description on the shift operation is needed to add in the decoding process for motion vectors. However, we think this clause should be moved to the main part of decoder process and should be merged in the description for P-pictures.

11.4.1
Differential motion vectors

Motion vectors for forward, backward, or bi-directionally predicted blocks are differentially encoded. As described in section 8.4.x, a shift operation is carried out for reconstructed differential motion vector components. And a prediction has to be added to the motion vector differences after this shift operation to get the motion vectors for the macroblock.  The predictions are formed in way similar to that described in section 4.4.6.  …..

10. Appendix C.5.5.3 Semantics for content info box in Interim file format

This revision provides the on/off selection procedure on the proposed tool for each bitstream. This solution does not need any additional code point.

C.5.5.3
Semantics

…….

motionResolution equal to zero stands for 1/4-sample motion resolution and adaptive motion vector coding, one stands for 1/8-sample motion resolution and adaptive motion vector coding, two stands for ¼-sample motion resolution and normal motion vector coding, and three stands for 1/8-sample motion resolution and normal motion vector coding.

…...

11. Informative Appendix B.1.1.2.x, B.1.2.1.x and B.1.2.3 

The description is for example encoding methods. Maybe the appropriate insert position of clause B1.1.2.x is just after “B.1.1.2.5 Fractional sample search”. And the appropriate insert position of clause B.1.2.1x may be just after “B1.2.1.5 Finding the best prediction direction for B-frames”.

B.1.1.2.x  Additional Fractional sample search
Additional fractional search for finding the best motion vector accuracy is performed the following step.
( Integer pixel accuracy search

Assume that the position “I” is the nearest point to the best motion vector point so that the accuracy of differential motion vector components is integer. Then the integer pixel accuracy positions, A, B, C, D, E, F, G, H, I are searched. This search process is performed for all segmentation blocks in order of motion vector coding. Then the above measure is calculated on the combination of the vector accuracy MVA, which is integer, and the detected motion vectors.

( 1/2 pixel accuracy search

Assume that the position “I” is the nearest point to the best motion vector point so that the accuracy of differential motion vector components is 1/2 pixel. Then the 1/2 pixel accuracy positions, 1, 2, 3, 4, 5, 6, 7, 8, I are searched. The same step is performed in the described way.

( 1/4 pixel accuracy search (if motion compensation with 1/8 pixel accuracy is used)

Assume that the position “I” is the nearest point to the best motion vector point so that the accuracy of differential motion vector components is 1/4 pixel. Then the 1/4 pixel accuracy positions, a, b, c, d, e, f, g, h, I are searched. The same step is performed in the described way.

After these searches, the combination of the motion vector accuracy MVA and the associated motion vectors, which minimize the above measure, is decided as the best selection:
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B.1.2.1.x Finding the best motion vector accuracy
The determination of the differential motion vector accuracy MVDA and the associated motion vectors for the NxM inter mode is done after motion estimation, reference frame and prediction direction by performing the additional fractional search and minimizing
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B.1.2.3
Algorithm for motion estimation and mode decision

The procedure to encode one macroblock s in an I, P or B frame in the high-complexity mode is summarized as follows.
………….

d)
For each 8x8 sub-partition

Perform motion estimation and reference frame selection by minimizing

SSD + ( Rate(MV, REF)

(B-32)

B frames: Choose prediction direction by minimizing

SSD + ( Rate(MV(PDIR), REF(PDIR))

(B-33)

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)
(B-34)

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

e)
Perform motion estimation and reference frame selection for 16x16, 16x8, and 8x16 modes and each motion vector accuracy by minimizing
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for each reference frame and motion vector of a possible macroblock mode.

f)
B frames: Determine prediction direction by minimizing
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g) 
Determine the motion vector accuracy for 16x16, 16x8, and 8x16 modes by minimizing
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h)
Determine the motion vector accuracy for 8x8 sub-partitions mode by minimizing

(8x8block=0-3 (SSD + ( Rate(MV, REF, Luma-Coeff, block 8x8 mode)) + ( Rate(MVDA)
 (B-XX)
i)
Choose the macroblock prediction mode by minimizing
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given QP and 
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 when varying MODE. MODE indicates a mode out of the set of potential macroblock modes:

I frame:  
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P frame: 
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B frame: 
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The computation of 
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 is simple. The costs for the other macroblock modes are computed using the intra prediction modes or motion vectors and reference frames, which have been estimated in the previous steps.
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