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1. Introduction

As encoding/decoding of SD/HD sequences require more macroblocks to be processed, any kind of technique for speeding up is indispensable for implementation. Pipeline processing is an effective tool for that purpose. However, we need to introduce additional constraint of intra prediction modes at the encoder side, which will cause a loss in coding efficiency at a severe level. 

In this contribution, we propose an additional method that enables us to encode/decode with pipeline at ignorable loss in coding efficiency. 

2. Problem Statement

In the current JVT standard, the decoding order of 4x4 blocks within a macroblock is as shown in Fig 2.1. Assume that block 1 in Fig 2.1 is now being processed. In the case that the decoding process is executed sequentially as shown in Fig 2.2(a), neighboring pixels I to L, which belong to block 0, are available as the decoding of block 0 is finished when the decoding of block 1 is started.

However, for the purpose of speeding up, the pipeline processing technique may be used as shown in Fig 2.2(b). In this case, neighboring pixels I to L will not be available for intra prediction when the decoding of block 1 is started. 

Therefore we should employ constraint as shown in Table 2.1 and 2.1 at the encoder side, but it will cause a loss in coding efficiency.
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Fig 2.1

[image: image2.jpg]Block 0 XIntra Pred \DCT&Q XIDCT&IQ X Inv. Intra_Pred

Block 1





(a)

[image: image3.jpg]Block 0 Imm)redXDCT&QXJI)CT&IQ Tuv. Imrn)redX

Block 1





(b)

Fig 2.2
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Fig 2.3

	Location of 4x4 Block (in Fig 2. )
	Neighboring Pixels which are not available

	0,4,8,12
	N/A

	2,6,10,14
	Upper_Right (E,F,G,H)

	1,3,5,7,9,11,13,15
	Left (I,J,K,L)


Table 2.1

	Intra_Pred Mode
	Left Unavailable
	Upper_Right Unavailable

	0: Vertical
	
	

	1: Horizontal
	X
	

	2: DC
	X
	

	3: Diagonal_Down_Left
	
	X

	4: Diagonal_Down_Right
	X
	

	5: Vertical_Right
	X
	

	6: Horizontal_Down
	X
	

	7: Vertical_Left
	
	X

	8: Horizontal_Up
	X
	


X = Unavailable Mode

Table 2.2

3. Proposed Algorithm

First, we propose to change the decoding order of 4x4 blocks within a macroblock in zigzag-scan order, as shown in Fig 3.1. That is, 4x4LumaBlkIdx is defined as shown in Table 3.1
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Fig 3.1

	4x4LumaBlkIdx
	4x4LumaBlkLoc[4x4LumaBlkIdx][0]
	4x4LumaBlkLoc[4x4LumaBlkIdx][1]

	0
	0
	0

	1
	1
	0

	2
	0
	1

	3
	2
	0

	4
	1
	1

	5
	0
	2

	6
	3
	0

	7
	2
	1

	8
	1
	2

	9
	0
	3

	10
	3
	1

	11
	2
	2

	12
	1
	3

	13
	3
	2

	14
	2
	3

	15
	3
	3


Table 3.1

In addition, we introduce an additional flag “constrained_intra_flag_for_pipeline_processing” which will be contained either in sequence parameter set or in picture parameter set. 

When constrained_intra_flag_for_pipeline_processing = 1 the intra prediction process will be changed as follows:

If the current 4x4 block being processed is located directly right to the previous 4x4 block, neighboring pixels I to L in Fig 2.3 will be replaced with the ones as shown in Fig 3.2(a) if they are available. This will be applied when 4x4LumaBlkIdx = 1 or 15. 

Similarly, if the current 4x4 block being processed is located directly down-left to the previous 4x4 block, neighboring pixels E to H in Fig 2.3 will be replaced with the ones as shown in Fig 3.2(b) if they are available. This will be applied when 4x4LumaBlkIdx = 2, 4, 5, 7, 8, 9, 11, 12 or 14. 
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Fig 3.2

4. Simulation

4.1 Simulation Condition

	Codec
	JM50 (JM)

JM50+Restriction in Table 2.1&2.2 (Const)

JM50+Proposed Method (Prop)

	Sequence
	“F1” (720x576x25i, 220frames)
“Canoa” (720x576x25i, 220frames)

“Rugby” (720x576x25i; 220frames)

“Tempete” (720x480x30i; 260frames)

“Football” (720x480x30i; 260frames)

     [Specified as Interlace Test Sets]

	GOP
	I-pict Only

	QP
	28,32,36,40

	EntropyCoding
	CABAC

	RDOptimization
	On

	UseHadamard
	On

	InterlaceCodingOption
	3 (MB-AFF)


Table 4.1

4.2 Simulation Result

F1

	JM:

　
	PSNRY
	PSNRU
	PSNRV
	Bitrate@30Hz

	QP=28
	36.25
	40.78
	41.35
	9563.7

	QP=32
	33.27
	39.29
	39.72
	5916.78

	QP=36
	30.53
	37.62
	37.84
	3466.89

	QP=40
	28.26
	37.1
	37.6
	1759.09


Const.:

	　
	PSNRY
	PSNRU
	PSNRV
	Bitrate@30Hz

	QP=28
	36.16
	40.79
	41.35
	10219.19

	QP=32
	33.18
	39.31
	39.73
	6408.46

	QP=36
	30.46
	37.61
	37.83
	3805.27

	QP=40
	27.98
	36.43
	36.61
	2180.8


Prop.:

	　
	PSNRY
	PSNRU
	PSNRV
	Bitrate@30Hz

	QP=28
	36.25
	40.78
	41.35
	9649.98

	QP=32
	33.26
	39.3
	39.72
	5954.55

	QP=36
	30.53
	37.63
	37.83
	3495.67

	QP=40
	28.06
	36.44
	36.58
	1890.35


Canoa

JM:

	　
	PSNRY
	PSNRU
	PSNRV
	Bitrate@30Hz

	QP=28
	37.06
	41.13
	41.72
	7326.58

	QP=32
	34.15
	39.77
	40.33
	4732.73

	QP=36
	31.38
	38.2
	38.73
	2929.39

	QP=40
	28.76
	37.1
	37.6
	1759.09


Const.:

	　
	PSNRY
	PSNRU
	PSNRV
	Bitrate@30Hz

	QP=28
	37.01
	41.12
	41.72
	8331.1

	QP=32
	34.08
	39.76
	40.33
	5339.19

	QP=36
	31.3
	38.21
	38.73
	3232.13

	QP=40
	28.69
	37.11
	37.6
	1884.83


Prop.:

	　
	PSNRY
	PSNRU
	PSNRV
	Bitrate@30Hz

	QP=28
	37.06
	41.13
	41.72
	7498.1

	QP=32
	34.15
	39.76
	40.33
	4847.27

	QP=36
	31.37
	38.2
	38.74
	2991.48

	QP=40
	28.74
	37.11
	37.6
	1785.49


Rugby

JM:

	　
	PSNRY
	PSNRU
	PSNRV
	Bitrate@30Hz

	QP=28
	36.17
	39.92
	41.1
	8860.77

	QP=32
	33.32
	38.51
	39.67
	5567.28

	QP=36
	30.75
	36.94
	38.09
	3356.26

	QP=40
	28.45
	35.86
	36.97
	1997.45


Const.:

	　
	PSNRY
	PSNRU
	PSNRV
	Bitrate@30Hz

	QP=28
	36.06
	39.93
	41.11
	9614.67

	QP=32
	33.23
	38.52
	39.69
	6070.1

	QP=36
	30.66
	36.94
	38.1
	3660.2

	QP=40
	28.36
	35.87
	36.98
	2156.02


Prop.:

	　
	PSNRY
	PSNRU
	PSNRV
	Bitrate@30Hz

	QP=28
	36.16
	39.92
	41.1
	8977.77

	QP=32
	33.31
	38.51
	39.68
	5645.15

	QP=36
	30.75
	36.94
	38.08
	3403.9

	QP=40
	28.44
	35.85
	36.98
	2022.73


Tempete

JM:

	　
	PSNRY
	PSNRU
	PSNRV
	Bitrate@30Hz

	QP=28
	35.29
	36.97
	37.85
	10436.13

	QP=32
	32.22
	35.31
	36.66
	6724.84

	QP=36
	29.27
	33.73
	35.43
	4145.69

	QP=40
	26.63
	32.72
	34.62
	2546.74


Const.:

	　
	PSNRY
	PSNRU
	PSNRV
	Bitrate@30Hz

	QP=28
	35.15
	36.96
	37.83
	11127.43

	QP=32
	32.09
	35.31
	36.64
	7227.64

	QP=36
	29.15
	33.72
	35.42
	4477.66

	QP=40
	26.54
	32.71
	34.62
	2734.35


Prop.:

	　
	PSNRY
	PSNRU
	PSNRV
	Bitrate@30Hz

	QP=28
	35.29
	36.97
	37.85
	10547.43

	QP=32
	32.22
	35.32
	36.66
	6814.05

	QP=36
	29.28
	33.74
	35.44
	4215.1

	QP=40
	26.63
	32.72
	34.62
	2583.86


Football

JM:

	　
	PSNRY
	PSNRU
	PSNRV
	Bitrate@30Hz

	QP=28
	36.75
	39.99
	40.85
	5329.59

	QP=32
	34.26
	38.47
	39.54
	3281.68

	QP=36
	32.02
	36.84
	38.18
	1947.6

	QP=40
	30.01
	35.52
	37.28
	1169.09


Const.:

	　
	PSNRY
	PSNRU
	PSNRV
	Bitrate@30Hz

	QP=28
	36.68
	39.99
	40.84
	5872.18

	QP=32
	34.19
	38.46
	39.54
	3636.28

	QP=36
	31.95
	36.82
	38.18
	2163.84

	QP=40
	29.93
	35.5
	37.27
	1282.9


Prop.:

	　
	PSNRY
	PSNRU
	PSNRV
	Bitrate@30Hz

	QP=28
	36.75
	39.99
	40.84
	5416.78

	QP=32
	34.25
	38.47
	39.54
	3332.42

	QP=36
	32.02
	36.83
	38.19
	1977.6

	QP=40
	30
	35.55
	37.28
	1187.69


Table 4.1

	
	Const.
	Prop.

	
	BD-PSNR [dB]
	BD-Bitrate [%]
	BD-PSNR [dB]
	BD-Bitrate [%]

	F1
	-0.563
	12.63
	-0.087
	2.23

	Canoa
	-0.679
	12.79
	-0.133
	2.31

	Rugby
	-0.530
	10.80
	-0.077
	1.51

	Tempete
	-0.570
	9.69
	-0.084
	1.37

	Football
	-0.522
	12.49
	-0.074
	1.69

	Average
	-0.573
	11.68
	-0.091
	1.822


Table 4.2
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Fig 4.1
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Fig 4.2
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Fig 4.3
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Fig 4.4
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Fig 4.5

5. Conclusion

Pipeline processing is an indispensable tool for implementing JVT encoder/decoder especially for SD/HD sequences. However, we need to introduce additional constraint of intra prediction modes at the encoder side for pipeline processing, which will cause a loss in coding efficiency at a severe level.

In this contribution we propose to change the decoding order of 4x4 blocks within a macroblock into zigzag-san. In addition we propose to introduce “constrained_intra_flag_for_pipeline_processing” which will go into either in sequence parameter set or picture parameter set. When constrained_intra_flag_for_pipeline_processing=1, the definition of neighboring pixels I to L and E to H will be changed so that pipeline processing will be enabled. The proposed algorithm will introduce an ignorable level of loss in coding efficiency. 
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F1.g

		9563.7		10219.19		9649.98

		5916.78		6408.46		5954.55

		3466.89		3805.27		3495.67

		1759.09		2180.8		1890.35



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

F1

36.25

36.16

36.25

33.27

33.18

33.26

30.53

30.46

30.53

28.26

27.98

28.06



F1

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.25		40.78		41.35		9563.7

		QP=32		33.27		39.29		39.72		5916.78

		QP=36		30.53		37.62		37.84		3466.89

		QP=40		28.26		37.1		37.6		1759.09

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.16		40.79		41.35		10219.19

		QP=32		33.18		39.31		39.73		6408.46

		QP=36		30.46		37.61		37.83		3805.27

		QP=40		27.98		36.43		36.61		2180.8

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.25		40.78		41.35		9649.98

		QP=32		33.26		39.3		39.72		5954.55

		QP=36		30.53		37.63		37.83		3495.67

		QP=40		28.06		36.44		36.58		1890.35





Canoa.g

		7326.58		8331.1		7498.1

		4732.73		5339.19		4847.27

		2929.39		3232.13		2991.48

		1759.09		1884.83		1785.49



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Canoa

37.06

37.01

37.06

34.15

34.08

34.15

31.38

31.3

31.37

28.76

28.69

28.74



Canoa

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		37.06		41.13		41.72		7326.58

		QP=32		34.15		39.77		40.33		4732.73

		QP=36		31.38		38.2		38.73		2929.39

		QP=40		28.76		37.1		37.6		1759.09

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		37.01		41.12		41.72		8331.1

		QP=32		34.08		39.76		40.33		5339.19

		QP=36		31.3		38.21		38.73		3232.13

		QP=40		28.69		37.11		37.6		1884.83

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		37.06		41.13		41.72		7498.1

		QP=32		34.15		39.76		40.33		4847.27

		QP=36		31.37		38.2		38.74		2991.48

		QP=40		28.74		37.11		37.6		1785.49





Rugby.g

		8860.77		9614.67		8977.77

		5567.28		6070.1		5645.15

		3356.26		3660.2		3403.9

		1997.45		2156.02		2022.73



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Rugby

36.17

36.06

36.16

33.32

33.23

33.31

30.75

30.66

30.75

28.45

28.36

28.44



Rugby

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.17		39.92		41.1		8860.77

		QP=32		33.32		38.51		39.67		5567.28

		QP=36		30.75		36.94		38.09		3356.26

		QP=40		28.45		35.86		36.97		1997.45

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.06		39.93		41.11		9614.67

		QP=32		33.23		38.52		39.69		6070.1

		QP=36		30.66		36.94		38.1		3660.2

		QP=40		28.36		35.87		36.98		2156.02

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.16		39.92		41.1		8977.77

		QP=32		33.31		38.51		39.68		5645.15

		QP=36		30.75		36.94		38.08		3403.9

		QP=40		28.44		35.85		36.98		2022.73





Tempete.g

		10436.13		11127.43		10547.43

		6724.84		7227.64		6814.05

		4145.69		4477.66		4215.1

		2546.74		2734.35		2583.86



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Tempete

35.29

35.15

35.29

32.22

32.09

32.22

29.27

29.15

29.28

26.63

26.54

26.63



Tempete

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		35.29		36.97		37.85		10436.13

		QP=32		32.22		35.31		36.66		6724.84

		QP=36		29.27		33.73		35.43		4145.69

		QP=40		26.63		32.72		34.62		2546.74

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		35.15		36.96		37.83		11127.43

		QP=32		32.09		35.31		36.64		7227.64

		QP=36		29.15		33.72		35.42		4477.66

		QP=40		26.54		32.71		34.62		2734.35

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		35.29		36.97		37.85		10547.43

		QP=32		32.22		35.32		36.66		6814.05

		QP=36		29.28		33.74		35.44		4215.1

		QP=40		26.63		32.72		34.62		2583.86





Football.g

		5329.59		5872.18		5416.78

				3636.28

		1947.6		2163.84		1977.6

		1169.09		1282.9		1187.69



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Football

36.75

36.68

36.75

34.19

32.02

31.95

32.02

30.01

29.93

30



Football

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.75		39.99		40.85		5329.59

		QP=32

		QP=36		32.02		36.84		38.18		1947.6

		QP=40		30.01		35.52		37.28		1169.09

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.68		39.99		40.84		5872.18

		QP=32		34.19		38.46		39.54		3636.28

		QP=36		31.95		36.82		38.18		2163.84

		QP=40		29.93		35.5		37.27		1282.9

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.75		39.99		40.84		5416.78

		QP=32

		QP=36		32.02		36.83		38.19		1977.6

		QP=40		30		35.55		37.28		1187.69






_1100198511.xls
F1.g

		9563.7		10219.19		9649.98

		5916.78		6408.46		5954.55

		3466.89		3805.27		3495.67

		1759.09		2180.8		1890.35



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

F1

36.25

36.16

36.25

33.27

33.18

33.26

30.53

30.46

30.53

28.26

27.98

28.06



F1

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.25		40.78		41.35		9563.7

		QP=32		33.27		39.29		39.72		5916.78

		QP=36		30.53		37.62		37.84		3466.89

		QP=40		28.26		37.1		37.6		1759.09

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.16		40.79		41.35		10219.19

		QP=32		33.18		39.31		39.73		6408.46

		QP=36		30.46		37.61		37.83		3805.27

		QP=40		27.98		36.43		36.61		2180.8

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.25		40.78		41.35		9649.98

		QP=32		33.26		39.3		39.72		5954.55

		QP=36		30.53		37.63		37.83		3495.67

		QP=40		28.06		36.44		36.58		1890.35





Canoa.g

		7326.58		8331.1		7498.1

		4732.73		5339.19		4847.27

		2929.39		3232.13		2991.48

		1759.09		1884.83		1785.49



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Canoa

37.06

37.01

37.06

34.15

34.08

34.15

31.38

31.3

31.37

28.76

28.69

28.74



Canoa

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		37.06		41.13		41.72		7326.58

		QP=32		34.15		39.77		40.33		4732.73

		QP=36		31.38		38.2		38.73		2929.39

		QP=40		28.76		37.1		37.6		1759.09

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		37.01		41.12		41.72		8331.1

		QP=32		34.08		39.76		40.33		5339.19

		QP=36		31.3		38.21		38.73		3232.13

		QP=40		28.69		37.11		37.6		1884.83

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		37.06		41.13		41.72		7498.1

		QP=32		34.15		39.76		40.33		4847.27

		QP=36		31.37		38.2		38.74		2991.48

		QP=40		28.74		37.11		37.6		1785.49





Rugby.g

		8860.77		9614.67		8977.77

		5567.28		6070.1		5645.15

		3356.26		3660.2		3403.9

		1997.45		2156.02		2022.73



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Rugby

36.17

36.06

36.16

33.32

33.23

33.31

30.75

30.66

30.75

28.45

28.36

28.44



Rugby

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.17		39.92		41.1		8860.77

		QP=32		33.32		38.51		39.67		5567.28

		QP=36		30.75		36.94		38.09		3356.26

		QP=40		28.45		35.86		36.97		1997.45

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.06		39.93		41.11		9614.67

		QP=32		33.23		38.52		39.69		6070.1

		QP=36		30.66		36.94		38.1		3660.2

		QP=40		28.36		35.87		36.98		2156.02

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.16		39.92		41.1		8977.77

		QP=32		33.31		38.51		39.68		5645.15

		QP=36		30.75		36.94		38.08		3403.9

		QP=40		28.44		35.85		36.98		2022.73





Tempete.g

		10436.13		11127.43		10547.43

		6724.84		7227.64		6814.05

		4145.69		4477.66		4215.1

		2546.74		2734.35		2583.86



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Tempete

35.29

35.15

35.29

32.22

32.09

32.22

29.27

29.15

29.28

26.63

26.54

26.63



Tempete

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		35.29		36.97		37.85		10436.13

		QP=32		32.22		35.31		36.66		6724.84

		QP=36		29.27		33.73		35.43		4145.69

		QP=40		26.63		32.72		34.62		2546.74

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		35.15		36.96		37.83		11127.43

		QP=32		32.09		35.31		36.64		7227.64

		QP=36		29.15		33.72		35.42		4477.66

		QP=40		26.54		32.71		34.62		2734.35

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		35.29		36.97		37.85		10547.43

		QP=32		32.22		35.32		36.66		6814.05

		QP=36		29.28		33.74		35.44		4215.1

		QP=40		26.63		32.72		34.62		2583.86





Football.g

		5329.59		5872.18		5416.78

				3636.28

		1947.6		2163.84		1977.6

		1169.09		1282.9		1187.69



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Football

36.75

36.68

36.75

34.19

32.02

31.95

32.02

30.01

29.93

30



Football

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.75		39.99		40.85		5329.59

		QP=32

		QP=36		32.02		36.84		38.18		1947.6

		QP=40		30.01		35.52		37.28		1169.09

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.68		39.99		40.84		5872.18

		QP=32		34.19		38.46		39.54		3636.28

		QP=36		31.95		36.82		38.18		2163.84

		QP=40		29.93		35.5		37.27		1282.9

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.75		39.99		40.84		5416.78

		QP=32

		QP=36		32.02		36.83		38.19		1977.6

		QP=40		30		35.55		37.28		1187.69






_1100198559.xls
F1.g

		9563.7		10219.19		9649.98

		5916.78		6408.46		5954.55

		3466.89		3805.27		3495.67

		1759.09		2180.8		1890.35



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

F1

36.25

36.16

36.25

33.27

33.18

33.26

30.53

30.46

30.53

28.26

27.98

28.06



F1

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.25		40.78		41.35		9563.7

		QP=32		33.27		39.29		39.72		5916.78

		QP=36		30.53		37.62		37.84		3466.89

		QP=40		28.26		37.1		37.6		1759.09

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.16		40.79		41.35		10219.19

		QP=32		33.18		39.31		39.73		6408.46

		QP=36		30.46		37.61		37.83		3805.27

		QP=40		27.98		36.43		36.61		2180.8

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.25		40.78		41.35		9649.98

		QP=32		33.26		39.3		39.72		5954.55

		QP=36		30.53		37.63		37.83		3495.67

		QP=40		28.06		36.44		36.58		1890.35





Canoa.g

		7326.58		8331.1		7498.1

		4732.73		5339.19		4847.27

		2929.39		3232.13		2991.48

		1759.09		1884.83		1785.49



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Canoa

37.06

37.01

37.06

34.15

34.08

34.15

31.38

31.3

31.37

28.76

28.69

28.74



Canoa

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		37.06		41.13		41.72		7326.58

		QP=32		34.15		39.77		40.33		4732.73

		QP=36		31.38		38.2		38.73		2929.39

		QP=40		28.76		37.1		37.6		1759.09

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		37.01		41.12		41.72		8331.1

		QP=32		34.08		39.76		40.33		5339.19

		QP=36		31.3		38.21		38.73		3232.13

		QP=40		28.69		37.11		37.6		1884.83

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		37.06		41.13		41.72		7498.1

		QP=32		34.15		39.76		40.33		4847.27

		QP=36		31.37		38.2		38.74		2991.48

		QP=40		28.74		37.11		37.6		1785.49





Rugby.g

		8860.77		9614.67		8977.77

		5567.28		6070.1		5645.15

		3356.26		3660.2		3403.9

		1997.45		2156.02		2022.73



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Rugby

36.17

36.06

36.16

33.32

33.23

33.31

30.75

30.66

30.75

28.45

28.36

28.44



Rugby

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.17		39.92		41.1		8860.77

		QP=32		33.32		38.51		39.67		5567.28

		QP=36		30.75		36.94		38.09		3356.26

		QP=40		28.45		35.86		36.97		1997.45

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.06		39.93		41.11		9614.67

		QP=32		33.23		38.52		39.69		6070.1

		QP=36		30.66		36.94		38.1		3660.2

		QP=40		28.36		35.87		36.98		2156.02

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.16		39.92		41.1		8977.77

		QP=32		33.31		38.51		39.68		5645.15

		QP=36		30.75		36.94		38.08		3403.9

		QP=40		28.44		35.85		36.98		2022.73





Tempete.g

		10436.13		11127.43		10547.43

		6724.84		7227.64		6814.05

		4145.69		4477.66		4215.1

		2546.74		2734.35		2583.86



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Tempete

35.29

35.15

35.29

32.22

32.09

32.22

29.27

29.15

29.28

26.63

26.54

26.63



Tempete

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		35.29		36.97		37.85		10436.13

		QP=32		32.22		35.31		36.66		6724.84

		QP=36		29.27		33.73		35.43		4145.69

		QP=40		26.63		32.72		34.62		2546.74

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		35.15		36.96		37.83		11127.43

		QP=32		32.09		35.31		36.64		7227.64

		QP=36		29.15		33.72		35.42		4477.66

		QP=40		26.54		32.71		34.62		2734.35

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		35.29		36.97		37.85		10547.43

		QP=32		32.22		35.32		36.66		6814.05

		QP=36		29.28		33.74		35.44		4215.1

		QP=40		26.63		32.72		34.62		2583.86





Football.g

		5329.59		5872.18		5416.78

				3636.28

		1947.6		2163.84		1977.6

		1169.09		1282.9		1187.69



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Football

36.75

36.68

36.75

34.19

32.02

31.95

32.02

30.01

29.93

30



Football

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.75		39.99		40.85		5329.59

		QP=32

		QP=36		32.02		36.84		38.18		1947.6

		QP=40		30.01		35.52		37.28		1169.09

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.68		39.99		40.84		5872.18

		QP=32		34.19		38.46		39.54		3636.28

		QP=36		31.95		36.82		38.18		2163.84

		QP=40		29.93		35.5		37.27		1282.9

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.75		39.99		40.84		5416.78

		QP=32

		QP=36		32.02		36.83		38.19		1977.6

		QP=40		30		35.55		37.28		1187.69






_1100203950.xls
F1.g

		9563.7		10219.19		9649.98

		5916.78		6408.46		5954.55

		3466.89		3805.27		3495.67

		1759.09		2180.8		1890.35



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

F1

36.25

36.16

36.25

33.27

33.18

33.26

30.53

30.46

30.53

28.26

27.98

28.06



F1

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.25		40.78		41.35		9563.7

		QP=32		33.27		39.29		39.72		5916.78

		QP=36		30.53		37.62		37.84		3466.89

		QP=40		28.26		37.1		37.6		1759.09

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.16		40.79		41.35		10219.19

		QP=32		33.18		39.31		39.73		6408.46

		QP=36		30.46		37.61		37.83		3805.27

		QP=40		27.98		36.43		36.61		2180.8

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.25		40.78		41.35		9649.98

		QP=32		33.26		39.3		39.72		5954.55

		QP=36		30.53		37.63		37.83		3495.67

		QP=40		28.06		36.44		36.58		1890.35





Canoa.g

		7326.58		8331.1		7498.1

		4732.73		5339.19		4847.27

		2929.39		3232.13		2991.48

		1759.09		1884.83		1785.49



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Canoa

37.06

37.01

37.06

34.15

34.08

34.15

31.38

31.3

31.37

28.76

28.69

28.74



Canoa

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		37.06		41.13		41.72		7326.58

		QP=32		34.15		39.77		40.33		4732.73

		QP=36		31.38		38.2		38.73		2929.39

		QP=40		28.76		37.1		37.6		1759.09

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		37.01		41.12		41.72		8331.1

		QP=32		34.08		39.76		40.33		5339.19

		QP=36		31.3		38.21		38.73		3232.13

		QP=40		28.69		37.11		37.6		1884.83

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		37.06		41.13		41.72		7498.1

		QP=32		34.15		39.76		40.33		4847.27

		QP=36		31.37		38.2		38.74		2991.48

		QP=40		28.74		37.11		37.6		1785.49





Rugby.g

		8860.77		9614.67		8977.77

		5567.28		6070.1		5645.15

		3356.26		3660.2		3403.9

		1997.45		2156.02		2022.73



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Rugby

36.17

36.06

36.16

33.32

33.23

33.31

30.75

30.66

30.75

28.45

28.36

28.44



Rugby

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.17		39.92		41.1		8860.77

		QP=32		33.32		38.51		39.67		5567.28

		QP=36		30.75		36.94		38.09		3356.26

		QP=40		28.45		35.86		36.97		1997.45

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.06		39.93		41.11		9614.67

		QP=32		33.23		38.52		39.69		6070.1

		QP=36		30.66		36.94		38.1		3660.2

		QP=40		28.36		35.87		36.98		2156.02

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.16		39.92		41.1		8977.77

		QP=32		33.31		38.51		39.68		5645.15

		QP=36		30.75		36.94		38.08		3403.9

		QP=40		28.44		35.85		36.98		2022.73





Tempete.g

		10436.13		11127.43		10547.43

		6724.84		7227.64		6814.05

		4145.69		4477.66		4215.1

		2546.74		2734.35		2583.86



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Tempete

35.29

35.15

35.29

32.22

32.09

32.22

29.27

29.15

29.28

26.63

26.54

26.63



Tempete

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		35.29		36.97		37.85		10436.13

		QP=32		32.22		35.31		36.66		6724.84

		QP=36		29.27		33.73		35.43		4145.69

		QP=40		26.63		32.72		34.62		2546.74

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		35.15		36.96		37.83		11127.43

		QP=32		32.09		35.31		36.64		7227.64

		QP=36		29.15		33.72		35.42		4477.66

		QP=40		26.54		32.71		34.62		2734.35

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		35.29		36.97		37.85		10547.43

		QP=32		32.22		35.32		36.66		6814.05

		QP=36		29.28		33.74		35.44		4215.1

		QP=40		26.63		32.72		34.62		2583.86





Football.g

		5329.59		5872.18		5416.78

		3281.68		3636.28		3332.42

		1947.6		2163.84		1977.6

		1169.09		1282.9		1187.69



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Football

36.75

36.68

36.75

34.26

34.19

34.25

32.02

31.95

32.02

30.01

29.93

30



Football

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.75		39.99		40.85		5329.59

		QP=32		34.26		38.47		39.54		3281.68

		QP=36		32.02		36.84		38.18		1947.6

		QP=40		30.01		35.52		37.28		1169.09

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.68		39.99		40.84		5872.18

		QP=32		34.19		38.46		39.54		3636.28

		QP=36		31.95		36.82		38.18		2163.84

		QP=40		29.93		35.5		37.27		1282.9

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.75		39.99		40.84		5416.78

		QP=32		34.25		38.47		39.54		3332.42

		QP=36		32.02		36.83		38.19		1977.6

		QP=40		30		35.55		37.28		1187.69






_1100198473.xls
F1.g

		9563.7		10219.19		9649.98

		5916.78		6408.46		5954.55

		3466.89		3805.27		3495.67

		1759.09		2180.8		1890.35



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

F1

36.25

36.16

36.25

33.27

33.18

33.26

30.53

30.46

30.53

28.26

27.98

28.06



F1

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.25		40.78		41.35		9563.7

		QP=32		33.27		39.29		39.72		5916.78

		QP=36		30.53		37.62		37.84		3466.89

		QP=40		28.26		37.1		37.6		1759.09

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.16		40.79		41.35		10219.19

		QP=32		33.18		39.31		39.73		6408.46

		QP=36		30.46		37.61		37.83		3805.27

		QP=40		27.98		36.43		36.61		2180.8

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.25		40.78		41.35		9649.98

		QP=32		33.26		39.3		39.72		5954.55

		QP=36		30.53		37.63		37.83		3495.67

		QP=40		28.06		36.44		36.58		1890.35





Canoa.g

		7326.58		8331.1		7498.1

		4732.73		5339.19		4847.27

		2929.39		3232.13		2991.48

		1759.09		1884.83		1785.49



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Canoa

37.06

37.01

37.06

34.15

34.08

34.15

31.38

31.3

31.37

28.76

28.69

28.74



Canoa

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		37.06		41.13		41.72		7326.58

		QP=32		34.15		39.77		40.33		4732.73

		QP=36		31.38		38.2		38.73		2929.39

		QP=40		28.76		37.1		37.6		1759.09

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		37.01		41.12		41.72		8331.1

		QP=32		34.08		39.76		40.33		5339.19

		QP=36		31.3		38.21		38.73		3232.13

		QP=40		28.69		37.11		37.6		1884.83

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		37.06		41.13		41.72		7498.1

		QP=32		34.15		39.76		40.33		4847.27

		QP=36		31.37		38.2		38.74		2991.48

		QP=40		28.74		37.11		37.6		1785.49





Rugby.g

		8860.77		9614.67		8977.77

		5567.28		6070.1		5645.15

		3356.26		3660.2		3403.9

		1997.45		2156.02		2022.73



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Rugby

36.17

36.06

36.16

33.32

33.23

33.31

30.75

30.66

30.75

28.45

28.36

28.44



Rugby

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.17		39.92		41.1		8860.77

		QP=32		33.32		38.51		39.67		5567.28

		QP=36		30.75		36.94		38.09		3356.26

		QP=40		28.45		35.86		36.97		1997.45

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.06		39.93		41.11		9614.67

		QP=32		33.23		38.52		39.69		6070.1

		QP=36		30.66		36.94		38.1		3660.2

		QP=40		28.36		35.87		36.98		2156.02

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.16		39.92		41.1		8977.77

		QP=32		33.31		38.51		39.68		5645.15

		QP=36		30.75		36.94		38.08		3403.9

		QP=40		28.44		35.85		36.98		2022.73





Tempete.g

		10436.13		11127.43		10547.43

		6724.84		7227.64		6814.05

		4145.69		4477.66		4215.1

		2546.74		2734.35		2583.86



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Tempete

35.29

35.15

35.29

32.22

32.09

32.22

29.27

29.15

29.28

26.63

26.54

26.63



Tempete

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		35.29		36.97		37.85		10436.13

		QP=32		32.22		35.31		36.66		6724.84

		QP=36		29.27		33.73		35.43		4145.69

		QP=40		26.63		32.72		34.62		2546.74

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		35.15		36.96		37.83		11127.43

		QP=32		32.09		35.31		36.64		7227.64

		QP=36		29.15		33.72		35.42		4477.66

		QP=40		26.54		32.71		34.62		2734.35

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		35.29		36.97		37.85		10547.43

		QP=32		32.22		35.32		36.66		6814.05

		QP=36		29.28		33.74		35.44		4215.1

		QP=40		26.63		32.72		34.62		2583.86





Football.g

		5329.59		5872.18		5416.78

				3636.28

		1947.6		2163.84		1977.6

		1169.09		1282.9		1187.69



JM

Const

Prop

Bitrate@30Hz [kbps]

PSNRY [dB]

Football

36.75

36.68

36.75

34.19

32.02

31.95

32.02

30.01

29.93

30



Football

		

		JM

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.75		39.99		40.85		5329.59

		QP=32

		QP=36		32.02		36.84		38.18		1947.6

		QP=40		30.01		35.52		37.28		1169.09

		Const

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.68		39.99		40.84		5872.18

		QP=32		34.19		38.46		39.54		3636.28

		QP=36		31.95		36.82		38.18		2163.84

		QP=40		29.93		35.5		37.27		1282.9

		Prop

				PSNRY		PSNRU		PSNRV		Bitrate@30Hz

		QP=28		36.75		39.99		40.84		5416.78

		QP=32

		QP=36		32.02		36.83		38.19		1977.6

		QP=40		30		35.55		37.28		1187.69
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