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1. Introduction

In Geneva, the method to reduce the bandwidth to access to external SDRAM to get MVs for direct temporal mode as adopted for HDTV. However, it was not adopted for SDTV yet. Since the bandwidth to access external SDRAM is still a big problem for LSI implementation, some restriction should be applied for SDTV as well as HDTV. In this contribution, the restriction to reduce the bandwidth to access external SDRAM for SDTV is proposed. And the performance of two direct mode with adopted restriction was evaluated for HDTV
2. Test Conditions

The following encoder options are used for this experiments. 

Software: JM50

GOP: N15M3

SR: +- 32 for SDTV and 720p, +-39 for 1080i

CABAC

RD opt: On

Field fixed coding : MB adaptive frame/field coding

3 reference frames

Sequence: src5, src6, src9, src15, src19, src22 (SDTV)

         BigShips, Crew, Jets, Shuttle Start (720p)

3. Results

The results are as follows. (Remarks: Empty column will be filled by the meeting.)

3.1 SDTV(625)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal
	28
	35.44
	40.49
	40.95
	4544.47

	
	32
	32.51
	39.14
	39.47
	2709.72

	
	36
	29.54
	37.69
	37.94
	1450.16

	
	40
	26.98
	36.56
	36.66
	741.84

	Direct Temporal+RC
	28
	35.43
	40.49
	40.95
	4543.47

	
	32
	32.51
	39.14
	39.48
	2709.61

	
	36
	29.54
	37.69
	37.94
	1450.62

	
	40
	26.81
	36.51
	36.56
	715.55

	Direct Spatial
	28
	35.38
	40.48
	40.93
	4410.19

	
	32
	32.44
	39.12
	39.43
	2617.31

	
	36
	29.41
	37.65
	37.87
	1393.78

	
	40
	26.81
	36.51
	36.56
	715.55


Table 1: Comparison of Direct Mode (Src5)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal
	28
	34.81
	40.28
	40.58
	5421.69

	
	32
	31.96
	38.83
	38.98
	2914.63

	
	36
	29.19
	37.29
	37.19
	1318.59

	
	40
	26.93
	36.00
	35.99
	599.86

	Direct Temporal+RC
	28
	34.81
	40.27
	40.58
	5413.23

	
	32
	31.96
	38.83
	38.98
	2908.88

	
	36
	29.19
	37.29
	37.19
	1317.76

	
	40
	26.92
	36.00
	36.00
	599.77

	Direct Spatial
	28
	34.71
	40.24
	40.54
	5305.12

	
	32
	31.81
	38.77
	38.92
	2845.06

	
	36
	28.97
	37.24
	37.16
	1248.87

	
	40
	26.77
	35.96
	35.98
	559.46


Table 2: Comparison of Direct Mode (Src6)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal
	28
	34.56
	39.13
	40.34
	5610.23

	
	32
	31.80
	37.79
	38.93
	3325.33

	
	36
	29.19
	36.37
	37.38
	1844.75

	
	40
	26.85
	35.33
	36.21
	997.86

	Direct Temporal+RC
	28
	34.56
	39.13
	40.34
	5608.78

	
	32
	31.80
	37.79
	38.93
	3325.26

	
	36
	29.19
	36.37
	37.38
	1845.16

	
	40
	26.85
	35.33
	36.21
	998.01

	Direct Spatial
	28
	34.49
	39.11
	40.33
	5517.30

	
	32
	31.68
	37.76
	38.90
	3251.83

	
	36
	29.01
	36.34
	37.34
	1789.57

	
	40
	26.66
	35.27
	36.11
	965.11


Table 3: Comparison of Direct Mode (Src9)

3.2 SDTV (525)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal
	28
	33.08
	35.49
	35.70
	4365.63

	
	32
	30.14
	33.82
	33.90
	2393.90

	
	36
	27.28
	32.11
	32.07
	1306.38

	
	40
	24.63
	30.96
	30.78
	750.03

	Direct Temporal+RC
	28
	33.09
	35.49
	35.70
	4374.32

	
	32
	30.15
	33.82
	33.90
	2401.32

	
	36
	27.28
	32.11
	32.07
	1310.58

	
	40
	24.63
	30.96
	30.78
	751.00

	Direct Spatial
	28
	32.99
	35.47
	35.65
	4156.86

	
	32
	30.04
	33.82
	33.86
	2264.49

	
	36
	27.19
	32.12
	32.05
	1242.95

	
	40
	24.51
	30.97
	30.77
	709.88


Table 4: Comparison of Direct Mode (Src15)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal
	28
	35.54
	39.15
	40.13
	3146.03

	
	32
	33.06
	37.64
	38.93
	1857.28

	
	36
	30.71
	36.05
	37.71
	1052.72

	
	40
	28.72
	34.66
	36.82
	606.74

	Direct Temporal+RC
	28
	35.54
	39.15
	40.13
	3146.33

	
	32
	33.06
	37.64
	38.93
	1857.34

	
	36
	30.71
	36.05
	37.71
	1052.75

	
	40
	28.72
	34.66
	36.82
	606.82

	Direct Spatial
	28
	35.45
	39.12
	40.12
	3068.31

	
	32
	32.90
	37.58
	38.91
	1791.58

	
	36
	30.50
	35.92
	37.68
	1001.77

	
	40
	28.48
	34.42
	36.75
	564.41


Table 5: Comparison of Direct Mode (Src19)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal
	28
	34.09
	36.31
	37.37
	3488.07

	
	32
	31.27
	34.75
	36.24
	1861.70

	
	36
	28.59
	33.25
	35.11
	973.56

	
	40
	26.14
	32.17
	34.29
	528.94

	Direct Temporal+RC
	28
	34.09
	36.31
	37.37
	3490.54

	
	32
	31.27
	34.75
	36.24
	1863.82

	
	36
	28.59
	33.25
	35.11
	974.83

	
	40
	26.14
	32.17
	34.29
	529.46

	Direct Spatial
	28
	33.98
	36.25
	37.35
	3358.12

	
	32
	31.14
	34.69
	36.22
	1770.13

	
	36
	28.48
	33.23
	35.10
	929.12

	
	40
	26.00
	32.20
	34.31
	504.07


Table 6: Comparison of Direct Mode (Src22)

3.3 HDTV (720p)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal+RC
	28
	36.57
	41.19
	42.78
	2108.30

	
	32
	34.47
	40.06
	41.76
	1041.25

	
	36
	32.60
	38.86
	40.51
	544.53

	
	40
	30.76
	37.95
	39.61
	305.09

	Direct Spatial
	28
	36.57
	41.22
	42.80
	2085.01

	
	32
	34.44
	40.08
	41.77
	1050.62

	
	36
	32.53
	38.87
	40.52
	549.02

	
	40
	30.71
	37.96
	39.61
	304.93


Table 7: Comparison of Direct Mode (BigShips: 720p Frame mode)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal+RC
	28
	38.64
	44.66
	44.70
	1679.66

	
	32
	36.98
	43.31
	43.16
	867.33

	
	36
	35.32
	41.63
	41.29
	478.77

	
	40
	33.49
	40.26
	39.92
	280.37

	Direct Spatial
	28
	38.60
	44.64
	44.70
	1623.43

	
	32
	36.91
	43.27
	43.14
	851.02

	
	36
	35.16
	41.56
	41.24
	473.87

	
	40
	33.27
	40.18
	39.85
	275.77


Table 8: Comparison of Direct Mode (Crew: 720p Frame mode)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal+RC
	28
	39.99
	45.83
	47.52
	601.55

	
	32
	38.61
	44.20
	46.14
	371.97

	
	36
	36.91
	41.63
	44.29
	246.11

	
	40
	34.85
	40.95
	41.88
	162.22

	Direct Spatial
	28
	39.95
	45.86
	47.53
	639.54

	
	32
	38.48
	44.24
	46.16
	404.20

	
	36
	36.73
	41.65
	44.31
	269.92

	
	40
	34.55
	40.97
	41.89
	176.90


Table 9: Comparison of Direct Mode (Jets: 720p Frame mode)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal+RC
	28
	41.51
	47.58
	48.83
	488.18

	
	32
	39.87
	46.28
	46.34
	265.77

	
	36
	38.24
	44.20
	44.21
	152.93

	
	40
	36.67
	42.88
	44.73
	93.45

	Direct Spatial
	28
	41.52
	47.57
	48.83
	460.34

	
	32
	39.83
	46.28
	46.35
	260.96

	
	36
	38.17
	44.21
	44.21
	153.43

	
	40
	36.56
	42.89
	44.75
	93.05


Table 10: Comparison of Direct Mode (Shuttle Start: 720p Frame mode)

3.4 SDTV (625: MBAFF)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal
	28
	35.49
	40.61
	41.09
	4329.32

	
	32
	32.60
	39.28
	39.64
	2573.08

	
	36
	29.71
	37.83
	38.08
	1374.93

	
	40
	27.19
	36.70
	36.80
	708.61

	Direct Temporal+RC
	28
	35.49
	40.61
	41.08
	4329.29

	
	32
	32.60
	39.28
	39.64
	2573.19

	
	36
	29.71
	37.83
	38.09
	1374.80

	
	40
	27.19
	36.70
	36.80
	708.82

	Direct Spatial
	28
	35.45
	40.60
	41.07
	4247.40

	
	32
	32.51
	39.26
	39.60
	2509.88

	
	36
	29.58
	37.79
	38.01
	1325.40

	
	40
	27.05
	36.63
	36.69
	684.76


Table 11: Comparison of Direct Mode (Src5: MBAFF)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal
	28
	34.79
	40.26
	40.60
	5107.34

	
	32
	31.95
	38.83
	38.98
	2690.42

	
	36
	29.25
	37.33
	37.23
	1236.63

	
	40
	26.95
	36.06
	35.98
	562.23

	Direct Temporal+RC
	28
	34.80
	40.27
	40.59
	5098.34

	
	32
	31.95
	38.83
	38.98
	2695.19

	
	36
	29.25
	37.33
	37.23
	1235.66

	
	40
	26.95
	36.06
	35.98
	562.22

	Direct Spatial
	28
	34.70
	40.25
	40.56
	4972.93

	
	32
	31.82
	38.78
	38.93
	2609.50

	
	36
	29.11
	37.28
	37.20
	1203.20

	
	40
	26.83
	36.01
	35.94
	547.21


Table 12: Comparison of Direct Mode (Src6: MBAFF)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal
	28
	34.55
	39.07
	40.26
	5497.53

	
	32
	31.78
	37.70
	38.84
	3243.58

	
	36
	29.15
	36.31
	37.28
	1779.51

	
	40
	26.84
	35.29
	36.13
	955.42

	Direct Temporal+RC
	28
	34.55
	39.07
	40.27
	5497.87

	
	32
	31.79
	37.71
	38.85
	3244.04

	
	36
	29.15
	36.31
	37.28
	1779.64

	
	40
	26.84
	35.29
	36.13
	955.58

	Direct Spatial
	28
	34.50
	39.08
	40.28
	5401.16

	
	32
	31.67
	37.71
	38.84
	3162.95

	
	36
	28.98
	36.30
	37.25
	1716.12

	
	40
	26.64
	35.24
	36.02
	912.03


Table 13: Comparison of Direct Mode (Src9: MBAFF)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal
	28
	33.35
	36.01
	36.24
	4012.75

	
	32
	30.44
	34.36
	34.47
	2195.01

	
	36
	27.63
	32.69
	32.68
	1203.04

	
	40
	26.84
	35.29
	36.13
	955.42

	Direct Temporal+RC
	28
	33.35
	36.01
	36.25
	4015.76

	
	32
	30.45
	34.36
	34.47
	2199.21

	
	36
	27.63
	32.69
	32.68
	1205.23

	
	40
	25.01
	31.55
	31.43
	688.03

	Direct Spatial
	28
	33.27
	35.98
	36.21
	3841.40

	
	32
	30.39
	34.35
	34.44
	2113.84

	
	36
	27.60
	32.69
	32.66
	1176.61

	
	40
	24.95
	31.56
	31.42
	684.87


Table 14: Comparison of Direct Mode (Src15: MBAFF)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal
	28
	35.51
	39.10
	40.09
	3079.59

	
	32
	32.99
	37.55
	38.87
	1795.59

	
	36
	30.61
	35.91
	37.67
	992.98

	
	40
	28.60
	34.49
	36.77
	557.04

	Direct Temporal+RC
	28
	35.51
	39.10
	40.09
	3079.30

	
	32
	32.99
	37.55
	38.87
	1795.87

	
	36
	30.61
	35.91
	37.66
	992.89

	
	40
	28.60
	34.49
	36.77
	557.16

	Direct Spatial
	28
	35.45
	39.09
	40.10
	3015.34

	
	32
	32.88
	37.52
	38.86
	1744.17

	
	36
	30.46
	35.82
	37.64
	956.68

	
	40
	28.42
	34.33
	36.71
	529.47


Table 15: Comparison of Direct Mode (Src19: MBAFF)

	
	QP
	SNRY (db)
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	Direct Temporal
	28
	34.44
	36.94
	37.99
	2995.46

	
	32
	31.82
	35.54
	36.94
	1587.89

	
	36
	29.33
	34.11
	35.82
	837.30

	
	40
	26.99
	33.11
	35.04
	456.58

	Direct Temporal+RC
	28
	34.44
	36.94
	37.99
	2997.12

	
	32
	31.81
	35.54
	36.94
	1588.15

	
	36
	29.33
	34.11
	35.82
	837.20

	
	40
	26.99
	33.11
	35.04
	456.52

	Direct Spatial
	28
	34.38
	36.93
	37.99
	2943.30

	
	32
	31.73
	35.53
	36.93
	1572.60

	
	36
	29.23
	34.10
	35.81
	848.48

	
	40
	26.81
	33.07
	35.02
	474.80


Table 16: Comparison of Direct Mode (Src22: MBAFF)

	
	BDSNR (db)
	BD Bitrate (%)

	Src5
	-0.002
	0.03

	Src6
	0.003
	-0.09

	Src9
	-0.00024
	0.0049

	Src15
	-0.008
	0.17

	Src 19
	-0.0002
	0.005

	Src22
	-0.005
	0.11


Table 17: BD SNR & BD Bitrate (Temporal+RC over Temporal)

	
	BDSNR (db)
	BD Bitrate (%)

	Src5
	0.063
	-1.35

	Src6
	-0.041
	1.13

	Src9
	-0.033
	0.71

	Src15
	0.163
	-3.344

	Src 19
	-0.004
	0.07

	Src22
	0.082
	-1.93


Table 18: BD SNR & BD Bitrate (Spatial over Temporal)

	
	BDSNR (db)
	BD Bitrate (%)

	Src5
	-0.000024
	0.0019

	Src6
	0.0009
	0.0040

	Src9
	0.003
	-0.08

	Src15
	-0.022
	0.46

	Src 19
	-0.00014
	0.0051

	Src22
	-0.0042
	0.11


Table 19: BD SNR & BD Bitrate (Temporal+RC over Temporal: MBAFF)

	
	BDSNR (db)
	BD Bitrate (%)

	Src5
	0.028
	-0.59

	Src6
	-0.028
	0.74

	Src9
	-0.008
	0.19

	Src15
	0.093
	-1.95

	Src 19
	0.005
	-0.14

	Src22
	-0.11
	2.68


Table 20: BD SNR & BD Bitrate (Spatial over Temporal: MBAFF)

	
	BDSNR (db)
	BD Bitrate (%)

	Big ships
	-0.056
	1.89

	Crew
	-0.062
	2.19

	Jets
	-0.503
	13.06

	ShuttleStart
	-0.013
	0.30


Table 21: BD SNR & BD Bitrate (Spatial over Temporal: 720p)
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4. Discussions

For most of the sequences, the RD performance was not reduced so much and almost the same even if constrained temporal mode is used. Regarding the comparison of spatial mode and temporal mode, the performance of both two mode are very close and spatial mode is slightly better in many sequences. 

Subjective quality of two modes are compared. The quality is almost the same and it was difficult to identify the difference. 

However, in order to use temporal mode without restriction, MVs must be stored at the decoder. The amount of estimated MVs are as follows.

SDTV (4 reference frames): 4 Bytes(H:12 bit + V:13 bit)*16(4x4MC)*2(BiD)*45x30(MB)*4(frames) = 691,200 Bytes

Since the amount of memory is large, those will be implemented by external memories. The amount of bandwidth to access SDRAM to store MVs data is estimated as follows. (SDRAM Map is supposed to be 4 Bites (32 bit)

SDTV: 1wd*16(4x4MC)*2(BiD)* 45x30(MB)= 43200wd ( 43200*2(R/W)*30(Hz)= 2.6MHz@32bit)

This amount is almost 1/3 of base band data for 4:2:0 video (720x480)*1.5(420)/4(4Byte)=129600wd). This bandwidth to access external SDRAM is very critical for SDTV LSI implementation, and it should be reduced. Therefore, the restriction is required for temporal mode for SDTV as well as HDTV.

5. Conclusions

In this contribution, reduced bandwidth method for temporal direct mode was tested using SDTV. In addition, temporal mode and spatial mode was compared using SDTV and HDTV materials. It is found that the difference of quality is very small. The bandwidth to store MVs for temporal mode is also estimated and it is estimated to 1/3 of base band data. The bandwidth to store MVs is quite large and it is critical for LSI implementation for SDTV. 
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