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Summary

This document provides the new motion vector coding method for reducing the amount of the motion vector data. The idea of this proposal is to adaptively select the fractional pixel accuracy of differential motion vector components macroblock by macroblock. The proposed scheme provides improvements of 1-4% for similar complexity with JM-1.
1. Introduction
The inter frame coding in JM-1 [1] allows for the motion compensation using the small block size up to 4x4. However, there is a tendency for these small size modes not to be selected at low bitrate even if macroblock has multiple motions, since the increasing of coding bitrate for differential motion vector components causes the bad influence to the coding performance. 

As one of the solution to cope with this problem, the accuracy control method for differential motion vectors is proposed in this document. 
2. Adaptive motion vector coding

( Motion vector coding/decoding method

Encoder

MVDs are calculated by the following expression at encoder:
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 means the vector components of integer version to be coded, 
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 means the differential vector of integer version, and

the meaning of mv_shift is indicated in the table 1.

Table 1

For 1/4 sample interpolation mode

	Fractional accuracy
	mv_shift
	Code_number

	1/4
	0
	0

	1/2
	1
	1

	1
	2
	2


For 1/8 sample interpolation mode

	Fractional accuracy
	mv_shift
	Code_number

	1/8
	0
	0

	1/4
	1
	1

	1/2
	2
	2

	1
	3
	3


Decoder

MVs are calculated by the following expression at decoder:


[image: image5.wmf](

)

(

)

(

)

(

)

Y

Y

X

X

Y

X

PMV

shift

mv

MVD

PMV

shift

mv

MVD

MV

MV

+

áá

+

áá

=

_

,

_

,

.

( Syntax diagram
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Syntax diagram for I- and P-frames
Motion Vector Data Accuracy (MVD_accuracy)

MVD_accuracy is present when MB_type is ‘Inter N(M (except for 16(16)’. This is done according to the table 1.
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Syntax diagram for B-frames
Motion Vector Data Accuracy (MVDFW_accuracy and MVDBW_accuracy)

MVDFW_accuracy is present when MB_type is ‘Forward N(M (except for 16(16) or ‘Bi-directional (except for the case Blk_size for forward motion vector data is 16(16)’. This is done according to the table 1.

MVDBW_accuracy is present when MB_type is ‘Backward N(M (except for 16(16) or ‘Bi-directional (except for the case Blk_size for backward motion vector data is 16(16)’. This is done according to the table 1.

( CABAC
Context Models for Motion Vector Data Accuracy

In case MVD accuracy is present, the context of a current MVD_accuracy C is build by using the MVD_accuracy A and B of neighboring macroblocks which set to ‘0’ if they do not existed. The acutual context number of C is then defined by ctx_mvd_accuracy(C) = ((A==0)?0:1) + 2*(B==0)?0:1), such that ctx_mvd_accuracy(C) indicates one of four models used for coding of the first bin of binary equivalent 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 six different models for the motion vector data accuracy information.
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Neighboring symbols A and B used for conditional coding of a current symbol C.

( Motion Estimation
Finding the best motion vector accuracy

The best motion vectors in a macroblock with segmentation blocks are updated by the additional search described below. Firstly, the following measure is calculated on the combination of best motion vectors and the motion vector accuracy MVA, which is 1/4 or 1/8:
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After that, the following searches and the determination process are performed.

( Integer pixel accuracy search (MVA is integer)

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 (MVA is 1/2)

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 (MVA is 1/4, 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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Evaluation of motion search for best vector accuracy determination

The following table gives the difference between TML-9.0 and TML-9.0 with the motion vector search for best accuracy determination (mv_shift is always set to ‘0’) in terms of rate and PSNR as calculated using the Bjontegaard measurement method [2]. 
	Test Sequances
	average % bit savings (avsnr)
	average dB PSNR gain (avsnr)

	Paris, CIF
	-0.38
	0.01


MV resolution: 1/8 pel, UseHadamard: ON, Reference Frames: 1, Search Range: 32, 

Symbol Mode: UVLC, Restrict Search Range: 2, RD Optimization: ON, QP: 16, 20, 24, 28

This result indicates that the performance of TML-9.0 with additional motion search is almost same as that of TML-9.0. This means that the additional motion search does not make the visible improvement of the coding performance itself.

( Complexity analysis
Encoder

( Motion estimation

Additional 18 or 27 (in case motion compensation with 1/8 pixel accuracy is used) points searches are needed for each macroblock. However, total computational time is similar to the TML-9.0 motion estimation. 

( Motion vector coding

Only a shift operation is additionally needed for the differential motion vector component to be coded. 

Decoder

Only a shift operation is additionally needed for the decoded differential motion vector component.

3. Simulation Results

The proposed method is integrated into the TML-9.0 software. Experiments were conducted according to the guideline of the common conditions document [3]. The proposed coder (AMVC) and TML-9.0 coder (TML) were tested under the condition described below.

	MV resolution
	1/4 pel for QCIF

1/8 pel for CIF

	UseHadamard
	ON

	Reference Frames
	1

	I-Picture
	First frame only

	B-Picture
	USED (2 frames)

	Search Range
	(32

	Symbol Mode
	UVLC/CABAC

	Restrict Search Range
	2

	RD optimization
	ON

	QP
	16,20,24,28


	Frame Skip
	2
	1
	0

	Sequences
	Container, QCIF,300 
News, QCIF,300
Foreman, QCIF,300
	Paris, CIF,300
Silent Voice, QCIF,300 

Funfair, CIF, 300

Carphone, CIF, 300

Flower, CIF, 250
	Mobile CIF 300 
Tempete CIF 260 


The averaged PSNR values of the decoded images and coding bitrate for TML and AMVC are shown in Table 2. 

The rate-distortion curves are shown in Figure 1-10. 

The differences between TML and AMVC in terms of rate and PSNR as calculated using the Bjontegaard measurement method [3] are shown in Table 3.

The comparison example of mode selection results between TML and AMVC is shown in Table 4.

Table 2. Comparison of averaged PSNR and bitrate.

(a) UVLC

	Sequence
	TML
	AMVC
	Gain 

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

	Container

QCIF

10Hz
	28
	4.33
	28.06, 36.84, 35.74
	4.29
	28.09, 36.85, 35.77
	0.81
	0.03, 0.01, 0.03

	
	24
	6.93
	30.87, 37.47, 36.84
	6.93
	30.84, 37.51, 36.83
	0.00
	-0.03, 0.04, -0.01

	
	20
	11.91
	33.63, 39.00, 38.47
	11.99
	33.63, 39.00, 38.45
	-0.67
	0.00, 0.00, -0.02

	
	16
	21.38
	36.18, 40.52, 40.05
	21.38
	36.19, 40.50, 40.11
	0.00
	0.01, -0.02, 0.06

	Foreman

QCIF

10Hz
	28
	17.67
	28.30, 35.91, 36.56
	17.41
	28.36, 35.92, 36.56
	1.47
	0.06, 0.01, 0.00

	
	24
	29.49
	30.99, 36.60, 37.39
	28.74
	30.91, 36.63, 37.49
	2.54
	-0.08, 0.03, 0.10

	
	20
	49.07
	33.30, 37.86, 38.88
	48.02
	33.30, 37.86, 38.91
	2.14
	0.00, 0.00, 0.03

	
	16
	83.39
	35.70, 39.03, 40.56
	82.31
	35.72, 39.04, 40.54
	1.30
	0.02, 0.01, -0.02

	News

QCIF

10Hz
	28
	10.24
	28.07, 34.78, 35.59
	9.97
	28.08, 34.78, 35.63
	2.64
	0.01, 0.00, 0.04

	
	24
	17.61
	30.98, 36.01, 36.69
	17.25
	31.04, 36.04, 36.69
	2.04
	0.06, 0.03, 0.00

	
	20
	29.20
	33.87, 37.55, 38.37
	28.89
	33.85, 37.60, 38.33
	1.06
	-0.02, 0.05, -0.04

	
	16
	48.40
	36.79, 39.19, 39.69
	48.02
	36.76, 39.16, 39.65
	0.79
	-0.03, -0.03, -0.04

	Silent

QCIF

15Hz
	28
	11.38
	28.13, 34.36, 36.09
	11.20
	28.12, 34.43, 36.18
	1.58
	-0.01, 0.07, 0.08

	
	24
	21.30
	30.56, 35.03, 36.88
	20.76
	30.59, 35.03, 36.86
	2.54
	0.03, 0.00, -0.02

	
	20
	37.35
	33.20, 36.47, 37.97
	36.49
	33.17, 36.49, 37.98
	2.30
	-0.03, 0.02, 0.01

	
	16
	62.45
	35.77, 38.22, 39.15
	61.69
	35.75, 38.28, 39.18
	1.22
	-0.02, 0.06, 0.03

	Paris

CIF

15Hz
	28
	65.40
	26.77, 33.37, 33.66
	63.08
	26.79, 33.37, 33.75
	3.55
	-0.02, 0.00, 0.09

	
	24
	116.98
	29.67, 34.81, 34.95
	112.97
	29.68, 34.86, 35.01
	3.43
	0.01, 0.05, 0.06

	
	20
	205.59
	32.52, 36.47, 36.61
	200.29
	32.57, 36.55, 36.70
	2.58
	0.05, 0.08, 0.09

	
	16
	350.02
	35.49, 38.43, 38.46
	345.22
	35.48, 38.49, 38.52
	1.37
	0.01, 0.06, 0.06

	Mobile

CIF

30Hz
	28
	163.56
	25.04, 30.24, 29.89
	160.20
	25.06, 30.26, 29.88
	2.05
	0.02, 0.02, -0.01

	
	24
	307.48
	27.83, 31.40, 31.12
	302.85
	27.84, 31.39, 31.10
	1.51
	0.01, -0.01, -0.02

	
	20
	643.59
	30.72, 33.17, 33.01
	640.77
	30.72, 33.17, 33.01
	0.44
	0.00, 0.00, 0.00

	
	16
	1351.42
	33.88, 35.18, 35.06
	1348.25
	33.87, 35.18, 35.06 
	0.23
	-0.01, 0.00, 0.00

	Tempete

CIF

30Hz
	28
	135.27
	26.68, 32.67, 35.04
	133.15
	26.77, 32.69, 35.07
	1.57
	0.09, 0.02, 0.03

	
	24
	261.28
	29.29, 33.63, 35.89
	257.26
	29.33, 33.66, 35.91
	1.54
	0.04, 0.03, 0.02

	
	20
	536.32
	31.91, 35.09, 37.18
	531.52
	31.93, 35.09, 37.19
	0.89
	0.02, 0.00, 0.01

	
	16
	1127.75
	34.80, 36.59, 38.46
	1120.20
	34.81, 36.60, 38.47
	0.67
	0.01, 0.01, 0.01

	Funfair
CIF

15Hz
	28
	279.59
	25.73, 34.34, 34.21
	270.01
	25.72, 34.36, 34.23
	3.43
	-0.01, 0.02, 0.02

	
	24
	506.70
	28.54, 35.03, 35.01
	490.06
	28.54, 35.03, 35.01
	3.28
	0.00, 0.00, 0.00

	
	20
	843.63
	31.41, 36.11, 36.17
	820.29
	31.39, 36.14, 36.19
	2.77
	-0.02, 0.03, 0.02

	
	16
	1342.67
	34.36, 37.44, 37.55
	1316.25
	34.35, 37.46, 37.56
	1.97
	-0.01. 0.02, 0.01

	Carphone
CIF

15Hz
	28
	59.39
	30.32, 37.41, 38.20
	58.02
	30.42, 37.47, 38.25
	2.31
	0.10, 0.06, 0.05

	
	24
	107.11
	32.83, 38.55, 39.56
	104.42
	32.92, 38.58, 39.62
	2.51
	0.09, 0.03, 0.06

	
	20
	184.91
	35.29, 40.10, 41.04
	180.38
	35.33, 40.09, 41.10
	2.45
	0.04, -0.01, 0.06

	
	16
	309.84
	37.63, 41.40, 42.57
	303.37
	37.63, 41.41, 42.63
	2.09
	0.00, 0.01, 0.06

	Flower 

Garden

CIF

15Hz
	28
	152.54
	24.52, 31.51, 34.62
	147.36
	24.55, 31.50, 34.64
	3.40
	0.03, -0.01, 0.02

	
	24
	321.16
	27.78, 32.73, 35.29
	316.03
	27.78, 32.70, 35.30
	1.60
	0.00, -0.03, 0.01

	
	20
	623.62
	31.10, 34.65, 36.40
	619.15
	31.11, 34.66, 36.43
	0.72
	0.01, 0.01, 0.03

	
	16
	1093.84
	34.56, 36.80, 37.82
	1090.49
	34.56, 36.79, 37.84
	0.31
	0.00, -0.01, 0.02


Table 2. Comparison of averaged PSNR and bitrate (cont.).

(b) CABAC

	Sequence
	TML
	AMVC
	Gain 

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

	Container

QCIF

10Hz
	28
	4.04
	28.05, 36.84, 35.73
	4.02
	28.03, 36.85, 35.73
	0.50
	-0.02, 0.01, 0.00

	
	24
	6.75
	30.85, 37.50, 36.75
	6.65
	30.88, 37.48, 36.84
	1.48
	0.03, -0.02, 0.09

	
	20
	11.27
	33.65, 39.03, 38.57
	11.31
	33.64, 39.01, 38.56
	-0.35
	-0.01, -0.02, -0.01

	
	16
	20.14
	36.21. 40.51, 40.05
	20.22
	36.23, 40.55, 40.10
	-0.39
	0.02, -0.04, 0.05

	Foreman

QCIF

10Hz
	28
	15.77
	28.36, 35.92, 36.56
	15.76
	28.43, 35.99, 36.54
	0.06
	0.07, 0.07, -0.02

	
	24
	27.28
	30.88, 36.64, 37.43
	26.75
	30.97, 36.72, 37.50
	1.94
	0.09, 0.08, 0.07

	
	20
	46.31
	33.28, 37.89, 38.96
	45.35
	33.31, 37.93, 38.86
	2.07
	0.03, 0.04, -0.10

	
	16
	79.15
	35.73, 39.06, 40.53
	78.19
	35.75, 39.08, 40.55
	1.21
	0.02, 0.02, 0.02

	News

QCIF

10Hz
	28
	9.85
	28.09, 34.88, 35.61
	9.72
	28.10, 34.84, 35.62
	1.32
	0.01, -0.04, 0.01

	
	24
	16.92
	31.01, 36.11, 36.74
	16.78
	31.01, 36.05, 36.72
	0.83
	0.00, -0.06, -0.02

	
	20
	28.10
	33.88, 37.57, 38.36
	27.80
	33.87, 37.56, 38.37
	1.07
	-0.01, -0.01, 0.01

	
	16
	45.65
	36.77, 39.27, 39.67
	45.37
	36.76, 39.19, 39.69
	0.61
	-0.01, -0.08, 0.02

	Silent

QCIF

15Hz
	28
	10.96
	28.04, 34.40, 36.17
	10.84
	28.10, 34.41, 36.15
	1.09
	0.06, 0.01, -0.02

	
	24
	20.48
	30.60, 35.03, 36.86
	19.96
	30.61, 35.00, 36.78
	2.54
	0.01, -0.03, -0.08

	
	20
	35.61
	33.21, 36.48, 37.95
	35.02
	33.20, 36.54, 38.00
	1.66
	-0.01, 0.06, 0.05

	
	16
	59.63
	35.80, 38.25, 39.18
	58.79
	35.77, 38.27, 39.19
	1.41
	-0.03, 0.02, 0.01

	Paris

CIF

15Hz
	28
	60.79
	26.78, 33.40, 33.73
	59.10
	26.79, 33.30, 33.74
	2.78
	0.01, -0.10, 0.01

	
	24
	109.71
	29.68, 34.84, 34.98
	107.62
	29.69, 34.87, 35.00
	1.91
	0.01, 0.03, 0.02

	
	20
	192.55
	32.55, 36.55, 36.66
	189.01
	32.56, 36.56, 36.69
	1.84
	0.01, 0.01, 0.03

	
	16
	325.88
	35.48, 38.48, 38.49
	321.28
	35.50, 38.46, 38.52
	1.41
	0.02, -0.02, 0.03

	Mobile

CIF

30Hz
	28
	147.10
	24.99, 30.28, 29.89
	144.69
	25.05, 30.29, 29.91
	1.64
	0.06, 0.01, 0.02

	
	24
	284.40
	27.82, 31.39, 31.10
	279.50
	27.85, 31.40, 31.14
	1.72
	0.03, 0.01, 0.04

	
	20
	597.31
	30.74, 33.19, 33.02
	592.98
	30.75, 33.19, 33.04
	0.72
	0.01, 0.00, 0.02

	
	16
	1237.10
	33.89, 35.19, 35.07
	1232.97
	33.90, 35.19, 35.08
	0.33
	0.01, 0.00, 0.01

	Tempete

CIF

30Hz
	28
	123.06
	26.68, 32.68, 35.03
	121.66
	26.75, 32.70, 35.07
	1.14
	0.07, 0.02, 0.04

	
	24
	244.12
	29.27, 33.65, 35.93
	240.87
	29.33, 33.68, 35.92
	1.33
	0.05, 0.03, 0.01

	
	20
	506.00
	31.91, 35.09, 37.16
	499.86
	31.94, 35.13, 37.18
	1.21
	0.03, 0.04, 0.02

	
	16
	1049.59
	34.82, 36.61, 38.49
	1042.21
	34.82, 36.61, 38.50
	0.70
	0.00, 0.00, 0.01

	Funfair
CIF

15Hz
	28
	255.73
	25.75, 34.33, 34.21
	249.58
	25.75, 34.39, 34.24
	2.40
	0.00, 0.06, 0.03

	
	24
	467.46
	28.57, 35.02, 34.99
	455.49
	28.56, 35.07, 35.02
	2.56
	-0.01, 0.05, 0.03

	
	20
	782.75
	31.44, 36.15, 36.20
	766.49
	31.42, 36.15, 36.23
	2.08
	-0.02, 0.00, 0.03

	
	16
	1232.78
	34.39, 37.45, 37.56
	1215.16
	34.38, 37.47, 37.57
	1.43
	-0.01, 0.02, 0.01

	Carphone
CIF

15Hz
	28
	52.12
	30.39, 37.54, 38.35
	51.86
	30.45, 37.49, 38.37
	0.50
	0.06, -0.05, 0.02

	
	24
	97.56
	32.90, 38.60, 39.52
	95.79
	32.95, 38.64, 39.64
	1.81
	0.05, 0.04, 0.12

	
	20
	171.05
	35.32, 40.12, 41.06
	167.99
	35.36, 40.23, 41.16
	1.79
	0.04, 0.11, 0.10

	
	16
	288.25
	37.64, 41.46, 42.59
	284.25
	37.66, 41.48, 42.65
	1.39
	0.02, 0.02, 0.06

	Flower 

Garden

CIF

15Hz
	28
	139.91
	24.56, 31.49, 34.62
	135.13
	24.59, 31.50, 34.64
	3.42
	0.03, 0.01, 0.02

	
	24
	294.20
	27.80, 32.70, 35.32
	288.65
	27.80, 32.71, 35.33
	1.89
	0.00, 0.01, 0.01

	
	20
	569.92
	31.13, 34.66, 36.43
	564.03
	31.13, 34.67, 36.42
	1.03
	0.00, 0.01, -0.01

	
	16
	983.62
	34.58, 36.80, 37.85
	980.16
	34.58, 36.80, 37.88
	0.35
	0.00, 0.00, 0.03
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Figure 1. RD curves for Container. 
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Figure 2. RD curves for Foreman.
[image: image15.emf]
(a) UVLC

[image: image16.emf]
(b) CABAC

Figure 3. RD curves for News.
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Figure 4. RD curves for Silent.
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Figure 5. RD curves for Paris.
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Figure 6. RD curves for Mobile.
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Figure 7. RD curves for Tempete.
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Figure 8. RD curves for Funfair.
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Figure 10. RD curves for Carphone. 
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Figure 9. RD curves for Flower Garden.
Table 3. Results of BD-SNR and BD-Bitrate

(a) UVLC

	Test Sequances
	average % bit savings (avsnr)
	average dB PSNR gain (avsnr)

	Container, QCIF
	0.25
	-0.01

	Foreman, QCIF
	-1.64
	0.08

	News, QCIF
	-1.83
	0.10

	Silent, CIF
	-2.10
	0.10

	Paris, CIF
	-3.43
	0.17

	Mobile, CIF
	-1.08
	0.05

	Tempete, CIF
	-2.03
	0.08

	Funfair, CIF
	-2.76
	0.15

	Carphone, CIF
	-3.80
	0.17

	Flower Garden, CIF
	-1.47
	0.07


(b) CABAC

	Test Sequances
	average % bit savings (avsnr)
	average dB PSNR gain (avsnr)

	Container, QCIF
	-0.65
	0.03

	Foreman, QCIF
	-2.88
	0.13

	News, QCIF
	-0.89
	0.05

	Silent, CIF
	-2.01
	0.09

	Paris, CIF
	-2.14
	0.11

	Mobile, CIF
	-1.66
	0.07

	Tempete, CIF
	-2.26
	0.08

	Funfair, CIF
	-2.00
	0.11

	Carphone, CIF
	-2.62
	0.11

	Flower Garden, CIF
	-1.63
	0.08


Table 4 
The results of mode decision for TML and AMVC (Inter frame).

Paris, CIF, QP=24, UVLC

P-picture: MB mode decision

	
	COPY
	16(16
	16(8
	8(16
	8(8
	8(4
	4(8
	4(4
	Intra

	24
	TML
	12291
	2030
	1262
	872
	755
	387
	667
	126
	1014

	
	AMVC
	12287
	1833
	1101
	773
	815
	608
	804
	312
	871

	
	Diff.
	-4
	-197
	-161
	-99
	+60
	+221
	+137
	+186
	-143


B-picture: MB mode decision

	
	Direct
	16(16
	16(8
	8(16
	8(8
	8(4
	4(8
	4(4
	Bidirect
	Intra

	24
	TML
	30702
	4495
	577
	970
	714
	456
	375
	327
	24
	168

	
	AMVC
	30722
	4194
	560
	962
	688
	516
	531
	429
	82
	124

	
	Diff.
	+20
	-301
	-17
	-8
	-26
	+60
	+156
	+102
	+58
	-44


MB DMV-accuracy decision on segmentation MBs for AMVC

	
	1/8
	1/4
	1/2
	1

	No, of macroblock
	3979
	1715
	3107
	1438

	%
	38.86
	16.75
	30.34
	14.04


4. Conclusions

The adaptive motion vector coding in which the accuracy of different motion vector components is selected macroblock by macroblock is proposed. The following results were obtained by the experiments in section 3:

( 
The proposed scheme provides improvements of 1-4% for similar complexity with TML-9.0.

( 
The number of macroblock modes with small size blocks for MC selected has been increased by the use of the proposed scheme.

Considering these results, we propose the adoption of the adaptive motion vector coding in JM-2.
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