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1. Introduction

Bi-directional prediction is widely adopted in various video coding standards such as MPEG-4 video and H.26L. In general, higher coding efficiency gains by using bi-directional prediction. In this document, a new prediction method for B-picture to improve coding efficiency is proposed. In the new prediction method, blocks in B-picture can be encoded by referring previous B-pictures in addition to I- or P-pictures as forward reference picture. The details of the proposed method are presented, followed by the simulation results. According to the simulation results, the proposed method improves coding efficiency up to 6 %.
2. Proposed Method
2. 1. Basic Idea

In the proposed method, a block in B-picture can be encoded by referring not only previous I- or P-pictures but also the most recent previous B-picture as forward reference picture. Backward reference picture is the most recent subsequent I- or P-picture as well as the conventional methods. Note that P-pictures refer only previous P-pictures, therefore encoding procedure for P-pictures is same as the conventional method. 

Figure 1 shows the typical picture structure including B-pictures and prediction relationship between each picture. In Figure 1, arrows indicate the relationship of prediction, and the prediction relationships for picture B6, B7, and P8 are shown. The solid line arrows show the conventional prediction mode, and the dotted line arrows show additional new prediction mode. The end point of the arrow indicates the coding target picture, and the start point of the arrow indicates the picture referred by the coding picture. For example, picture B7 is encoded by using picture P5 and B6 as forward reference picture and using picture P8 as backward reference picture.
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Figure 1: New prediction mode for B-picture.

2. 2. Reference Frame Number

If the multiple reference method for forward reference is used, reference frame number is indicated in macroblock header. In the proposed method, the reference frame number is assigned from the most recent reference picture in display order, and it doesn’t depend on its picture type. Figure 2 shows an example of the numbering method of reference frame number. In Figure 2, coding target picture is picture B7, and picture B7 refers picture P2, P5, and B6 as forward reference picture. Because the assigned reference frame number increases from the most resent reference picture, the reference frame number of picture B6 is ‘0’, the one of picture P5 is ‘1’, and the one of picture P2 is ‘2’.
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Figure 2: Numbering method of reference frame number in proposed method.

2. 3. Direct Mode

Motion vector in direct mode is derived by scaling the motion vector of the block at same position as the current block in the subsequent reference picture. Forward reference picture in direct mode is the most recent previous picture, and it doesn’t depend on the type of the referenced picture, and doesn’t depend on the type and the position of the picture referenced by the corresponding block in the subsequent reference picture.
Figure 3 shows an example of motion compensation method in direct mode in the proposed method. In Figure 3, block ‘a’ shows the target block to be coded, block ‘b’ shows the corresponding block of the block ‘a’ in the subsequent reference P-picture, and block ‘c’ shows the blocks referenced by block ‘a’ in direct mode.
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Figure 3: Motion compensation method in direct mode in proposed method.

The forward motion vector MVF and backward motion vector MVB for current block ‘a’ for direct mode are calculated as follows.
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(Eq. 1)
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(Eq. 2)

Where the vector component MV represents the motion vector of block ‘b’. TRD is the temporal distance between the subsequent reference picture and the picture referenced by the subsequent reference picture, TRB is the temporal distance between the current picture and the picture referenced by the subsequent reference picture, and TRF is the temporal distance between the current picture and the most recent previous picture.

2. 4. Other Items

1. Mode selection method is same as the one using multiple reference mode in H.26L TML8 [1].

2. Definition of skipped macroblock in B-picture is same as H.26L TML8.4 software, namely, ‘not coded in direct mode.’
3. Flag that shows B-pictures are coded by using other B-pictures as reference picture may be needed as sequence header information. 
4. Total amount of reference frame memory is same as the conventional method by reducing the number of previous P-pictures to be referred. For example, if 5 P-pictures are used as forward reference picture in the conventional method, 4 P-pictures are used in P-picture encoding and 4 P-pictures and 1 B-picture are used as forward reference picture in the proposed method.

3. Simulation
3. 1. Conditions of Simulation

In order to confirm the effectiveness of the proposed method, we adopted the proposed method to the H.26L TML8.4 software. And we have compared the coding efficiencies of the proposed method and the H.26L TML8.4. The conditions of simulation are as follows:

· Software version: H.26L TML8.4.
· Motion estimation and mode selection: High complexity mode.
· QP: 16, 20, 24, 28, and fixed for all over sequence.
· Sequences: Foreman, Silent, Container, News (QCIF), Mobile and calendar, Tempete, Paris (CIF).

· Frame rate: 10 fps, 15 fps, 30 fps. And it depends on the sequence.
· Number of B-pictures: 2 (M=3, IBBPBBPBBPBB….)

· Number of reference frames: 5 frames for the conventional method. For the proposed method, 4 P-pictures are used as reference picture in the P-picture coding, and 4 P-pictures and 1 B-picture are used as reference picture in B-picture coding. Therefore, Amount of frame memory is same in the TML8.4 and the proposed method.
3. 2. Simulation Results

Table 1 shows quantitative values on the R-D performance difference obtained by avsnr4 [2]. And R-D curves for several test sequences are shown from Figure 4 to Figure 11. These results show that the proposed method outperforms over whole range of the bit rates for various test sequences. Note that the proposed method shows better performance for higher frame rate in the same test sequence.
Table 1: Quantitative difference of R-D performance.
	Sequence
	Resolution / Frame rate / No. of frames
	Total
	B-picture

	
	
	Average bitrate (%)
	Average PSNR (dB)
	Average bitrate (%)
	Average PSNR (dB)

	Foreman
	QCIF / 10 / 100
	-1.60
	+0.09
	-4.35
	+0.22

	Foreman
	QCIF / 15 / 150
	-1.76
	+0.09
	-6.02
	+0.30

	Silent
	QCIF / 15 / 150
	-2.89
	+0.14
	-7.65
	+0.35

	Container
	QCIF / 10 / 100
	+1.90
	-0.10
	+6.12
	-0.18

	Container
	QCIF / 15 / 150
	-1.53
	+0.11
	-7.10
	+1.41

	News
	QCIF / 10 / 100
	-1.87
	+0.11
	-2.93
	+0.27

	News
	QCIF / 15 / 150
	-2.92
	+0.17
	-7.57
	+0.43

	Mobile and calendar
	CIF / 30 / 300
	-2.93
	+0.13
	-7.95
	+0.29

	Tempete
	CIF / 30 / 260
	-2.57
	+0.10
	-6.07
	+0.20

	Paris
	CIF / 15 / 150
	-3.11
	+0.16
	-8.36
	+0.43

	Paris
	CIF / 30 / 300
	-6.03
	+0.32
	-15.06
	+0.82


4. Conclusion and Remarks

A new prediction method for B-picture to improve B-picture coding efficiency was proposed. By simulation results, it has shown that the proposed method improves coding efficiency up to 6 %. And amount of frame memory for the proposed method is same as TML8.4 codec in multiple reference mode. Consequently, it is obtained higher compression efficiency by using the proposed method.
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Figure 4: R-D curves for total sequence of ‘Foreman’.
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Figure 5: R-D curves for B-pictures of ‘Foreman’.
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Figure 6: R-D curves for entire sequence of ‘Slient’.
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Figure 7: R-D curves for B-pictures of ‘Slient’.
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Figure 8: R-D curves for entire sequence of ‘Mobile and calendar’.
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Figure 9: R-D curves for B-pictures of ‘Mobile and calendar’.
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Figure 10: R-D curves for entire sequence of ‘Paris’.
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Figure 11: R-D curves for B-pictures of ‘Paris’.
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Sheet1

		Foreman, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		8059		35.81		7880		35.78

		20		4876		33.3		4780		33.3

		24		3009		30.91		2966		30.89

		28		1867		28.23		1825		28.23

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		6105		35.68		5796		35.66

		20		3513		33.16		3367		33.17

		24		2133		30.76		2044		30.74

		28		1284		28.02		1211		28.02

		Foreman, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3348		35.83		3295		35.82

		20		2021		33.36		1982		33.35

		24		1242		30.94		1220		30.93

		28		760		28.38		732		28.33

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2373		35.72		2263		35.72

		20		1366		33.24		1292		33.23

		24		813		30.81		761		30.79

		28		484		28.21		433		28.15

		Silent, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2065		35.88		2007		35.87

		20		1246		33.21		1208		33.2

		24		717		30.63		696		30.62

		28		392		28.08		378		28.09

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1523		35.83		1425		35.82

		20		893		33.15		826		33.14

		24		487		30.56		449		30.55

		28		261		28.01		234		28.01

		Container, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2061		36.19		2126		36.18

		20		1209		33.66		1238		33.63

		24		734		30.86		745		30.82

		28		469		27.96		451		27.91

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		823		36.19		915		36.16

		20		457		33.67		501		33.62

		24		257		30.87		273		30.81

		28		203		27.98		176		27.91

		Container, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		821		36.19		812		36.16

		20		476		33.61		468		33.6

		24		290		30.86		288		30.82

		28		195		27.95		181		27.93

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		315		36.2		304		36.16

		20		185		33.62		174		33.61

		24		107		30.87		102		30.83

		28		97		27.97		76		27.94

		News, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		4770		36.82		4705		36.8

		20		2990		33.88		2941		33.87

		24		1836		30.99		1800		31.01

		28		1096		28.06		1064		28.04

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3392		36.77		3281		36.76

		20		2049		33.83		1974		33.81

		24		1213		30.94		1147		30.96

		28		724		28.01		672		27.98

		News, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1976		36.81		1915		36.82

		20		1225		33.91		1185		33.9

		24		747		31.01		724		30.98

		28		442		28.07		426		28.05

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1348		36.78		1260		36.8

		20		800		33.87		738		33.86

		24		464		30.97		428		30.94

		28		275		28.04		248		28.01

		Mobile and calendar, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		42065		33.98		40650		33.98

		20		20663		30.85		19983		30.85

		24		10197		27.95		9904		27.94

		28		5525		25.14		5378		25.11

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		31469		33.9		29188		33.91

		20		13611		30.76		12513		30.76

		24		5703		27.89		5233		27.88

		28		2634		25.11		2405		25.08

		Tempete, CIF, 30 fps, 260 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		35915		34.9		34738		34.91

		20		17144		32.05		16713		32.05

		24		8470		29.44		8275		29.45

		28		4476		26.84		4396		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		28000		34.78		26196		34.8

		20		11628		31.94		10926		31.94

		24		4966		29.37		4688		29.38

		28		2327		26.8		2195		26.8

		Paris, CIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		23033		35.52		22402		35.51

		20		13416		32.57		13035		32.56

		24		7638		29.74		7402		29.73

		28		4326		26.84		4084		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		17532		35.48		16394		35.47

		20		9608		32.51		8917		32.51

		24		5198		29.68		4743		29.67

		28		2970		26.79		2573		26.78

		Paris, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		16959		35.53		16126		35.52

		20		9594		32.59		9095		32.58

		24		5400		29.75		5027		29.71

		28		3067		26.81		2767		26.82

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		12227		35.5		10901		35.5

		20		6383		32.55		5585		32.54

		24		3433		29.71		2855		29.68

		28		2025		26.79		1556		26.8
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Sheet1

		Foreman, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		8059		35.81		7880		35.78

		20		4876		33.3		4780		33.3

		24		3009		30.91		2966		30.89

		28		1867		28.23		1825		28.23

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		6105		35.68		5796		35.66

		20		3513		33.16		3367		33.17

		24		2133		30.76		2044		30.74

		28		1284		28.02		1211		28.02

		Foreman, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3348		35.83		3295		35.82

		20		2021		33.36		1982		33.35

		24		1242		30.94		1220		30.93

		28		760		28.38		732		28.33

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2373		35.72		2263		35.72

		20		1366		33.24		1292		33.23

		24		813		30.81		761		30.79

		28		484		28.21		433		28.15

		Silent, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2065		35.88		2007		35.87

		20		1246		33.21		1208		33.2

		24		717		30.63		696		30.62

		28		392		28.08		378		28.09

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1523		35.83		1425		35.82

		20		893		33.15		826		33.14

		24		487		30.56		449		30.55

		28		261		28.01		234		28.01

		Container, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2061		36.19		2126		36.18

		20		1209		33.66		1238		33.63

		24		734		30.86		745		30.82

		28		469		27.96		451		27.91

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		823		36.19		915		36.16

		20		457		33.67		501		33.62

		24		257		30.87		273		30.81

		28		203		27.98		176		27.91

		Container, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		821		36.19		812		36.16

		20		476		33.61		468		33.6

		24		290		30.86		288		30.82

		28		195		27.95		181		27.93

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		315		36.2		304		36.16

		20		185		33.62		174		33.61

		24		107		30.87		102		30.83

		28		97		27.97		76		27.94

		News, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		4770		36.82		4705		36.8

		20		2990		33.88		2941		33.87

		24		1836		30.99		1800		31.01

		28		1096		28.06		1064		28.04

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3392		36.77		3281		36.76

		20		2049		33.83		1974		33.81

		24		1213		30.94		1147		30.96

		28		724		28.01		672		27.98

		News, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1976		36.81		1915		36.82

		20		1225		33.91		1185		33.9

		24		747		31.01		724		30.98

		28		442		28.07		426		28.05

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1348		36.78		1260		36.8

		20		800		33.87		738		33.86

		24		464		30.97		428		30.94

		28		275		28.04		248		28.01

		Mobile and calendar, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		42065		33.98		40650		33.98

		20		20663		30.85		19983		30.85

		24		10197		27.95		9904		27.94

		28		5525		25.14		5378		25.11

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		31469		33.9		29188		33.91

		20		13611		30.76		12513		30.76

		24		5703		27.89		5233		27.88

		28		2634		25.11		2405		25.08

		Tempete, CIF, 30 fps, 260 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		35915		34.9		34738		34.91

		20		17144		32.05		16713		32.05

		24		8470		29.44		8275		29.45

		28		4476		26.84		4396		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		28000		34.78		26196		34.8

		20		11628		31.94		10926		31.94

		24		4966		29.37		4688		29.38

		28		2327		26.8		2195		26.8

		Paris, CIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		23033		35.52		22402		35.51

		20		13416		32.57		13035		32.56

		24		7638		29.74		7402		29.73

		28		4326		26.84		4084		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		17532		35.48		16394		35.47

		20		9608		32.51		8917		32.51

		24		5198		29.68		4743		29.67

		28		2970		26.79		2573		26.78

		Paris, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		16959		35.53		16126		35.52

		20		9594		32.59		9095		32.58

		24		5400		29.75		5027		29.71

		28		3067		26.81		2767		26.82

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		12227		35.5		10901		35.5

		20		6383		32.55		5585		32.54

		24		3433		29.71		2855		29.68

		28		2025		26.79		1556		26.8
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Sheet1

		Foreman, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		8059		35.81		7880		35.78

		20		4876		33.3		4780		33.3

		24		3009		30.91		2966		30.89

		28		1867		28.23		1825		28.23

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		6105		35.68		5796		35.66

		20		3513		33.16		3367		33.17

		24		2133		30.76		2044		30.74

		28		1284		28.02		1211		28.02

		Foreman, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3348		35.83		3295		35.82

		20		2021		33.36		1982		33.35

		24		1242		30.94		1220		30.93

		28		760		28.38		732		28.33

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2373		35.72		2263		35.72

		20		1366		33.24		1292		33.23

		24		813		30.81		761		30.79

		28		484		28.21		433		28.15

		Silent, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2065		35.88		2007		35.87

		20		1246		33.21		1208		33.2

		24		717		30.63		696		30.62

		28		392		28.08		378		28.09

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1523		35.83		1425		35.82

		20		893		33.15		826		33.14

		24		487		30.56		449		30.55

		28		261		28.01		234		28.01

		Container, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2061		36.19		2126		36.18

		20		1209		33.66		1238		33.63

		24		734		30.86		745		30.82

		28		469		27.96		451		27.91

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		823		36.19		915		36.16

		20		457		33.67		501		33.62

		24		257		30.87		273		30.81

		28		203		27.98		176		27.91

		Container, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		821		36.19		812		36.16

		20		476		33.61		468		33.6

		24		290		30.86		288		30.82

		28		195		27.95		181		27.93

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		315		36.2		304		36.16

		20		185		33.62		174		33.61

		24		107		30.87		102		30.83

		28		97		27.97		76		27.94

		News, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		4770		36.82		4705		36.8

		20		2990		33.88		2941		33.87

		24		1836		30.99		1800		31.01

		28		1096		28.06		1064		28.04

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3392		36.77		3281		36.76

		20		2049		33.83		1974		33.81

		24		1213		30.94		1147		30.96

		28		724		28.01		672		27.98

		News, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1976		36.81		1915		36.82

		20		1225		33.91		1185		33.9

		24		747		31.01		724		30.98

		28		442		28.07		426		28.05

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1348		36.78		1260		36.8

		20		800		33.87		738		33.86

		24		464		30.97		428		30.94

		28		275		28.04		248		28.01

		Mobile and calendar, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		42065		33.98		40650		33.98

		20		20663		30.85		19983		30.85

		24		10197		27.95		9904		27.94

		28		5525		25.14		5378		25.11

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		31469		33.9		29188		33.91

		20		13611		30.76		12513		30.76

		24		5703		27.89		5233		27.88

		28		2634		25.11		2405		25.08

		Tempete, CIF, 30 fps, 260 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		35915		34.9		34738		34.91

		20		17144		32.05		16713		32.05

		24		8470		29.44		8275		29.45

		28		4476		26.84		4396		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		28000		34.78		26196		34.8

		20		11628		31.94		10926		31.94

		24		4966		29.37		4688		29.38

		28		2327		26.8		2195		26.8

		Paris, CIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		23033		35.52		22402		35.51

		20		13416		32.57		13035		32.56

		24		7638		29.74		7402		29.73

		28		4326		26.84		4084		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		17532		35.48		16394		35.47

		20		9608		32.51		8917		32.51

		24		5198		29.68		4743		29.67

		28		2970		26.79		2573		26.78

		Paris, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		16959		35.53		16126		35.52

		20		9594		32.59		9095		32.58

		24		5400		29.75		5027		29.71

		28		3067		26.81		2767		26.82

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		12227		35.5		10901		35.5

		20		6383		32.55		5585		32.54

		24		3433		29.71		2855		29.68

		28		2025		26.79		1556		26.8
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Sheet1

		Foreman, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		8059		35.81		7880		35.78

		20		4876		33.3		4780		33.3

		24		3009		30.91		2966		30.89

		28		1867		28.23		1825		28.23

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		6105		35.68		5796		35.66

		20		3513		33.16		3367		33.17

		24		2133		30.76		2044		30.74

		28		1284		28.02		1211		28.02

		Foreman, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3348		35.83		3295		35.82

		20		2021		33.36		1982		33.35

		24		1242		30.94		1220		30.93

		28		760		28.38		732		28.33

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2373		35.72		2263		35.72

		20		1366		33.24		1292		33.23

		24		813		30.81		761		30.79

		28		484		28.21		433		28.15

		Silent, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2065		35.88		2007		35.87

		20		1246		33.21		1208		33.2

		24		717		30.63		696		30.62

		28		392		28.08		378		28.09

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1523		35.83		1425		35.82

		20		893		33.15		826		33.14

		24		487		30.56		449		30.55

		28		261		28.01		234		28.01

		Container, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2061		36.19		2126		36.18

		20		1209		33.66		1238		33.63

		24		734		30.86		745		30.82

		28		469		27.96		451		27.91

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		823		36.19		915		36.16

		20		457		33.67		501		33.62

		24		257		30.87		273		30.81

		28		203		27.98		176		27.91

		Container, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		821		36.19		812		36.16

		20		476		33.61		468		33.6

		24		290		30.86		288		30.82

		28		195		27.95		181		27.93

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		315		36.2		304		36.16

		20		185		33.62		174		33.61

		24		107		30.87		102		30.83

		28		97		27.97		76		27.94

		News, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		4770		36.82		4705		36.8

		20		2990		33.88		2941		33.87

		24		1836		30.99		1800		31.01

		28		1096		28.06		1064		28.04

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3392		36.77		3281		36.76

		20		2049		33.83		1974		33.81

		24		1213		30.94		1147		30.96

		28		724		28.01		672		27.98

		News, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1976		36.81		1915		36.82

		20		1225		33.91		1185		33.9

		24		747		31.01		724		30.98

		28		442		28.07		426		28.05

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1348		36.78		1260		36.8

		20		800		33.87		738		33.86

		24		464		30.97		428		30.94

		28		275		28.04		248		28.01

		Mobile and calendar, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		42065		33.98		40650		33.98

		20		20663		30.85		19983		30.85

		24		10197		27.95		9904		27.94

		28		5525		25.14		5378		25.11

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		31469		33.9		29188		33.91

		20		13611		30.76		12513		30.76

		24		5703		27.89		5233		27.88

		28		2634		25.11		2405		25.08

		Tempete, CIF, 30 fps, 260 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		35915		34.9		34738		34.91

		20		17144		32.05		16713		32.05

		24		8470		29.44		8275		29.45

		28		4476		26.84		4396		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		28000		34.78		26196		34.8

		20		11628		31.94		10926		31.94

		24		4966		29.37		4688		29.38

		28		2327		26.8		2195		26.8

		Paris, CIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		23033		35.52		22402		35.51

		20		13416		32.57		13035		32.56

		24		7638		29.74		7402		29.73

		28		4326		26.84		4084		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		17532		35.48		16394		35.47

		20		9608		32.51		8917		32.51

		24		5198		29.68		4743		29.67

		28		2970		26.79		2573		26.78

		Paris, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		16959		35.53		16126		35.52

		20		9594		32.59		9095		32.58

		24		5400		29.75		5027		29.71

		28		3067		26.81		2767		26.82

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		12227		35.5		10901		35.5

		20		6383		32.55		5585		32.54

		24		3433		29.71		2855		29.68

		28		2025		26.79		1556		26.8
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Sheet1

		Foreman, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		8059		35.81		7880		35.78

		20		4876		33.3		4780		33.3

		24		3009		30.91		2966		30.89

		28		1867		28.23		1825		28.23

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		6105		35.68		5796		35.66

		20		3513		33.16		3367		33.17

		24		2133		30.76		2044		30.74

		28		1284		28.02		1211		28.02

		Foreman, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3348		35.83		3295		35.82

		20		2021		33.36		1982		33.35

		24		1242		30.94		1220		30.93

		28		760		28.38		732		28.33

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2373		35.72		2263		35.72

		20		1366		33.24		1292		33.23

		24		813		30.81		761		30.79

		28		484		28.21		433		28.15

		Silent, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2065		35.88		2007		35.87

		20		1246		33.21		1208		33.2

		24		717		30.63		696		30.62

		28		392		28.08		378		28.09

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1523		35.83		1425		35.82

		20		893		33.15		826		33.14

		24		487		30.56		449		30.55

		28		261		28.01		234		28.01

		Container, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2061		36.19		2126		36.18

		20		1209		33.66		1238		33.63

		24		734		30.86		745		30.82

		28		469		27.96		451		27.91

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		823		36.19		915		36.16

		20		457		33.67		501		33.62

		24		257		30.87		273		30.81

		28		203		27.98		176		27.91

		Container, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		821		36.19		812		36.16

		20		476		33.61		468		33.6

		24		290		30.86		288		30.82

		28		195		27.95		181		27.93

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		315		36.2		304		36.16

		20		185		33.62		174		33.61

		24		107		30.87		102		30.83

		28		97		27.97		76		27.94

		News, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		4770		36.82		4705		36.8

		20		2990		33.88		2941		33.87

		24		1836		30.99		1800		31.01

		28		1096		28.06		1064		28.04

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3392		36.77		3281		36.76

		20		2049		33.83		1974		33.81

		24		1213		30.94		1147		30.96

		28		724		28.01		672		27.98

		News, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1976		36.81		1915		36.82

		20		1225		33.91		1185		33.9

		24		747		31.01		724		30.98

		28		442		28.07		426		28.05

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1348		36.78		1260		36.8

		20		800		33.87		738		33.86

		24		464		30.97		428		30.94

		28		275		28.04		248		28.01

		Mobile and calendar, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		42065		33.98		40650		33.98

		20		20663		30.85		19983		30.85

		24		10197		27.95		9904		27.94

		28		5525		25.14		5378		25.11

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		31469		33.9		29188		33.91

		20		13611		30.76		12513		30.76

		24		5703		27.89		5233		27.88

		28		2634		25.11		2405		25.08

		Tempete, CIF, 30 fps, 260 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		35915		34.9		34738		34.91

		20		17144		32.05		16713		32.05

		24		8470		29.44		8275		29.45

		28		4476		26.84		4396		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		28000		34.78		26196		34.8

		20		11628		31.94		10926		31.94

		24		4966		29.37		4688		29.38

		28		2327		26.8		2195		26.8

		Paris, CIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		23033		35.52		22402		35.51

		20		13416		32.57		13035		32.56

		24		7638		29.74		7402		29.73

		28		4326		26.84		4084		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		17532		35.48		16394		35.47

		20		9608		32.51		8917		32.51

		24		5198		29.68		4743		29.67

		28		2970		26.79		2573		26.78

		Paris, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		16959		35.53		16126		35.52

		20		9594		32.59		9095		32.58

		24		5400		29.75		5027		29.71

		28		3067		26.81		2767		26.82

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		12227		35.5		10901		35.5

		20		6383		32.55		5585		32.54

		24		3433		29.71		2855		29.68

		28		2025		26.79		1556		26.8
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Sheet1

		Foreman, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		8059		35.81		7880		35.78

		20		4876		33.3		4780		33.3

		24		3009		30.91		2966		30.89

		28		1867		28.23		1825		28.23

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		6105		35.68		5796		35.66

		20		3513		33.16		3367		33.17

		24		2133		30.76		2044		30.74

		28		1284		28.02		1211		28.02

		Foreman, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3348		35.83		3295		35.82

		20		2021		33.36		1982		33.35

		24		1242		30.94		1220		30.93

		28		760		28.38		732		28.33

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2373		35.72		2263		35.72

		20		1366		33.24		1292		33.23

		24		813		30.81		761		30.79

		28		484		28.21		433		28.15

		Silent, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2065		35.88		2007		35.87

		20		1246		33.21		1208		33.2

		24		717		30.63		696		30.62

		28		392		28.08		378		28.09

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1523		35.83		1425		35.82

		20		893		33.15		826		33.14

		24		487		30.56		449		30.55

		28		261		28.01		234		28.01

		Container, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2061		36.19		2126		36.18

		20		1209		33.66		1238		33.63

		24		734		30.86		745		30.82

		28		469		27.96		451		27.91

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		823		36.19		915		36.16

		20		457		33.67		501		33.62

		24		257		30.87		273		30.81

		28		203		27.98		176		27.91

		Container, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		821		36.19		812		36.16

		20		476		33.61		468		33.6

		24		290		30.86		288		30.82

		28		195		27.95		181		27.93

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		315		36.2		304		36.16

		20		185		33.62		174		33.61

		24		107		30.87		102		30.83

		28		97		27.97		76		27.94

		News, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		4770		36.82		4705		36.8

		20		2990		33.88		2941		33.87

		24		1836		30.99		1800		31.01

		28		1096		28.06		1064		28.04

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3392		36.77		3281		36.76

		20		2049		33.83		1974		33.81

		24		1213		30.94		1147		30.96

		28		724		28.01		672		27.98

		News, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1976		36.81		1915		36.82

		20		1225		33.91		1185		33.9

		24		747		31.01		724		30.98

		28		442		28.07		426		28.05

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1348		36.78		1260		36.8

		20		800		33.87		738		33.86

		24		464		30.97		428		30.94

		28		275		28.04		248		28.01

		Mobile and calendar, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		42065		33.98		40650		33.98

		20		20663		30.85		19983		30.85

		24		10197		27.95		9904		27.94

		28		5525		25.14		5378		25.11

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		31469		33.9		29188		33.91

		20		13611		30.76		12513		30.76

		24		5703		27.89		5233		27.88

		28		2634		25.11		2405		25.08

		Tempete, CIF, 30 fps, 260 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		35915		34.9		34738		34.91

		20		17144		32.05		16713		32.05

		24		8470		29.44		8275		29.45

		28		4476		26.84		4396		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		28000		34.78		26196		34.8

		20		11628		31.94		10926		31.94

		24		4966		29.37		4688		29.38

		28		2327		26.8		2195		26.8

		Paris, CIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		23033		35.52		22402		35.51

		20		13416		32.57		13035		32.56

		24		7638		29.74		7402		29.73

		28		4326		26.84		4084		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		17532		35.48		16394		35.47

		20		9608		32.51		8917		32.51

		24		5198		29.68		4743		29.67

		28		2970		26.79		2573		26.78

		Paris, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		16959		35.53		16126		35.52

		20		9594		32.59		9095		32.58

		24		5400		29.75		5027		29.71

		28		3067		26.81		2767		26.82

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		12227		35.5		10901		35.5

		20		6383		32.55		5585		32.54

		24		3433		29.71		2855		29.68

		28		2025		26.79		1556		26.8
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Sheet1

		Foreman, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		8059		35.81		7880		35.78

		20		4876		33.3		4780		33.3

		24		3009		30.91		2966		30.89

		28		1867		28.23		1825		28.23

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		6105		35.68		5796		35.66

		20		3513		33.16		3367		33.17

		24		2133		30.76		2044		30.74

		28		1284		28.02		1211		28.02

		Foreman, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3348		35.83		3295		35.82

		20		2021		33.36		1982		33.35

		24		1242		30.94		1220		30.93

		28		760		28.38		732		28.33

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2373		35.72		2263		35.72

		20		1366		33.24		1292		33.23

		24		813		30.81		761		30.79

		28		484		28.21		433		28.15

		Silent, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2065		35.88		2007		35.87

		20		1246		33.21		1208		33.2

		24		717		30.63		696		30.62

		28		392		28.08		378		28.09

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1523		35.83		1425		35.82

		20		893		33.15		826		33.14

		24		487		30.56		449		30.55

		28		261		28.01		234		28.01

		Container, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2061		36.19		2126		36.18

		20		1209		33.66		1238		33.63

		24		734		30.86		745		30.82

		28		469		27.96		451		27.91

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		823		36.19		915		36.16

		20		457		33.67		501		33.62

		24		257		30.87		273		30.81

		28		203		27.98		176		27.91

		Container, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		821		36.19		812		36.16

		20		476		33.61		468		33.6

		24		290		30.86		288		30.82

		28		195		27.95		181		27.93

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		315		36.2		304		36.16

		20		185		33.62		174		33.61

		24		107		30.87		102		30.83

		28		97		27.97		76		27.94

		News, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		4770		36.82		4705		36.8

		20		2990		33.88		2941		33.87

		24		1836		30.99		1800		31.01

		28		1096		28.06		1064		28.04

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3392		36.77		3281		36.76

		20		2049		33.83		1974		33.81

		24		1213		30.94		1147		30.96

		28		724		28.01		672		27.98

		News, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1976		36.81		1915		36.82

		20		1225		33.91		1185		33.9

		24		747		31.01		724		30.98

		28		442		28.07		426		28.05

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1348		36.78		1260		36.8

		20		800		33.87		738		33.86

		24		464		30.97		428		30.94

		28		275		28.04		248		28.01

		Mobile and calendar, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		42065		33.98		40650		33.98

		20		20663		30.85		19983		30.85

		24		10197		27.95		9904		27.94

		28		5525		25.14		5378		25.11

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		31469		33.9		29188		33.91

		20		13611		30.76		12513		30.76

		24		5703		27.89		5233		27.88

		28		2634		25.11		2405		25.08

		Tempete, CIF, 30 fps, 260 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		35915		34.9		34738		34.91

		20		17144		32.05		16713		32.05

		24		8470		29.44		8275		29.45

		28		4476		26.84		4396		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		28000		34.78		26196		34.8

		20		11628		31.94		10926		31.94

		24		4966		29.37		4688		29.38

		28		2327		26.8		2195		26.8

		Paris, CIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		23033		35.52		22402		35.51

		20		13416		32.57		13035		32.56

		24		7638		29.74		7402		29.73

		28		4326		26.84		4084		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		17532		35.48		16394		35.47

		20		9608		32.51		8917		32.51

		24		5198		29.68		4743		29.67

		28		2970		26.79		2573		26.78

		Paris, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		16959		35.53		16126		35.52

		20		9594		32.59		9095		32.58

		24		5400		29.75		5027		29.71

		28		3067		26.81		2767		26.82

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		12227		35.5		10901		35.5

		20		6383		32.55		5585		32.54

		24		3433		29.71		2855		29.68

		28		2025		26.79		1556		26.8
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		Foreman, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		8059		35.81		7880		35.78

		20		4876		33.3		4780		33.3

		24		3009		30.91		2966		30.89

		28		1867		28.23		1825		28.23

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		6105		35.68		5796		35.66

		20		3513		33.16		3367		33.17

		24		2133		30.76		2044		30.74

		28		1284		28.02		1211		28.02

		Foreman, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3348		35.83		3295		35.82

		20		2021		33.36		1982		33.35

		24		1242		30.94		1220		30.93

		28		760		28.38		732		28.33

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2373		35.72		2263		35.72

		20		1366		33.24		1292		33.23

		24		813		30.81		761		30.79

		28		484		28.21		433		28.15

		Silent, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2065		35.88		2007		35.87

		20		1246		33.21		1208		33.2

		24		717		30.63		696		30.62

		28		392		28.08		378		28.09

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1523		35.83		1425		35.82

		20		893		33.15		826		33.14

		24		487		30.56		449		30.55

		28		261		28.01		234		28.01

		Container, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		2061		36.19		2126		36.18

		20		1209		33.66		1238		33.63

		24		734		30.86		745		30.82

		28		469		27.96		451		27.91

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		823		36.19		915		36.16

		20		457		33.67		501		33.62

		24		257		30.87		273		30.81

		28		203		27.98		176		27.91

		Container, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		821		36.19		812		36.16

		20		476		33.61		468		33.6

		24		290		30.86		288		30.82

		28		195		27.95		181		27.93

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		315		36.2		304		36.16

		20		185		33.62		174		33.61

		24		107		30.87		102		30.83

		28		97		27.97		76		27.94

		News, QCIF, 10 fps, 100 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		4770		36.82		4705		36.8

		20		2990		33.88		2941		33.87

		24		1836		30.99		1800		31.01

		28		1096		28.06		1064		28.04

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		3392		36.77		3281		36.76

		20		2049		33.83		1974		33.81

		24		1213		30.94		1147		30.96

		28		724		28.01		672		27.98

		News, QCIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1976		36.81		1915		36.82

		20		1225		33.91		1185		33.9

		24		747		31.01		724		30.98

		28		442		28.07		426		28.05

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		1348		36.78		1260		36.8

		20		800		33.87		738		33.86

		24		464		30.97		428		30.94

		28		275		28.04		248		28.01

		Mobile and calendar, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		42065		33.98		40650		33.98

		20		20663		30.85		19983		30.85

		24		10197		27.95		9904		27.94

		28		5525		25.14		5378		25.11

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		31469		33.9		29188		33.91

		20		13611		30.76		12513		30.76

		24		5703		27.89		5233		27.88

		28		2634		25.11		2405		25.08

		Tempete, CIF, 30 fps, 260 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		35915		34.9		34738		34.91

		20		17144		32.05		16713		32.05

		24		8470		29.44		8275		29.45

		28		4476		26.84		4396		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		28000		34.78		26196		34.8

		20		11628		31.94		10926		31.94

		24		4966		29.37		4688		29.38

		28		2327		26.8		2195		26.8

		Paris, CIF, 15 fps, 150 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		23033		35.52		22402		35.51

		20		13416		32.57		13035		32.56

		24		7638		29.74		7402		29.73

		28		4326		26.84		4084		26.84

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		17532		35.48		16394		35.47

		20		9608		32.51		8917		32.51

		24		5198		29.68		4743		29.67

		28		2970		26.79		2573		26.78

		Paris, CIF, 30 fps, 300 frames

		Total

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		16959		35.53		16126		35.52

		20		9594		32.59		9095		32.58

		24		5400		29.75		5027		29.71

		28		3067		26.81		2767		26.82

		B-pictures

				TML8.4				Proposed

		QP		bits/frame		PSNR(Y)		bits/frame		PSNR(Y)

		16		12227		35.5		10901		35.5

		20		6383		32.55		5585		32.54

		24		3433		29.71		2855		29.68

		28		2025		26.79		1556		26.8
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