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1 Introduction

In Pattaya meeting, the sub-picture coding method is proposed as presented in VCEG-O46 and JVT decided to initiate a core experiment. VCEG-O57 describes the core experiment procedure of the sub-picture coding method.

In VCEG-O57, the selection of quantization parameter (QP) is described to remove the visible boundary between the foreground and background sub-picture.

In this document, we propose a more generalized scheme for the selection of QP. 

2 Review of QP selection in sub-picture coding

In VCEG-O46, to find the QP for a foreground and background sub-picture, the QP for the background region is set to 31 initially, and the QP for the foreground region is selected to meet the given bit rate restriction. After the QP for the foreground is set, the QP for the background is decreased to meet the available bit rate as closely as possible. The QP for the foreground region is smaller than the one for the background region, which shall increase the subjective quality. Even though this scheme maintains the coding efficiency of the sub-picture coding method, the boundary can be seen easily due to the sudden change of the QP between the foreground and background region. The appearance of the boundary results in the degradation of subjective picture quality.

In VCEG-O57, a scheme of the QP selection is described to remove the visible boundary. Let QPb and QPf denote the QP of the background and foreground region, respectively. QPf is set to QPb-3, if the macroblock to be coded is not in the boundary region. QPf is QPb-2 or QPb-1 if the macroblock to be coded is close to the boundary. Figure 1 shows an example of this, where the shaded area is the foreground region, and 0, 1, 2 or 3 means the number to be subtracted from QPb. The boundary region is defined for QCIF and CIF sequences in VCEG-O57.

Even though the visible boundary between the foreground and background region is removed by modifying the QP in the foreground region as described above, the QP of the foreground region is limited to the QP of the background region. The difference between the foreground QP and the background QP is fixed to 3 in maximum, which can result in the drop of coding efficiency of the sub-picture coding technique. And the quantization scheme in VCEG-O-57 is described only for QCIF and CIF sequences. More generalized scheme is needed for various picture sizes while maintaining the coding efficiency of the sub-picture coding technique.
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Figure 1. Example of the quantization scheme for QCIF sequences described in VCEG-O57

3 Proposed quantization method

The proposed method consists of two steps. The first step is a selection of the area where the QP is modified and the second step is modifying the QP in the area, as described in section 3.1 and 3.2, respectively. In section 3.3, we propose the syntax for the slice header when the sub-picture coding method is used.

3.1 Selection of area

The QP is modified in the macroblocks that are located close to the boundary between the foreground and background region. The size of the foreground sub-picture is used to determine whether the current macroblock is close to the boundary or not. Note that the unit is the number of macroblocks in the description below. If the sub-picture width w (number of macroblocks in width) and the height h (number of macroblocks in height) represent the size of the sub-picture, then the number of macroblock rows, NoMB_w and the number of macroblock columns, NoMB_h are

NoMB_w = w/3

NoMB_h = h/3,

where “/” denotes division with truncation. If the distance from the current macroblock to the boundary is equal to or smaller than NoMB_w or NoMB_h, the QP is modified in the current macroblock. For an example, in the QCIF picture, if the foreground picture size is 7 macroblock width and 5 macroblock height (w = 7, h = 5), we get NoMB_w = 7/3 = 2, and NoMB_h = 5/3 = 1. According to these parameter values, the selected area is shown as the shaded area in Figure 2, where the area inside the thick line is the foreground sub-picture.

Note that the area where the QP is modified is selected only in the foreground region. If one wants to enlarge the selected area in the background region, one can simply enlarge the foreground region.

3.2 Modifying QP in the selected area

After the area selection, the QP is modified for the macroblocks in this area using the QP of the foreground region, QPf, and the QP of the background region, QPb. There are four boundaries in the sub-picture: left, right, upper and lower boundary. Let dist_w denote the distance from the current macroblock to the close boundary between the left and right boundary, and dist_h denote the distance to the close boundary between the upper and lower boundary. If the current macroblock is in the selected area, a modified QP value is calculated as:

QP_w = {(NoMB_w+1)QPf+(QPb-QPf)(dist_w}/( NoMB_w+1)

QP_h = {(NoMB_h+1)QPf+(QPb-QPf)(dist_h}/(NoMB_h+1),

where QP_w is for left and right region close to each boundary, and QP_h for upper and lower region close to each boundary. The QP is set to QP_w if the current macroblock is close to the left or right boundary. On the other hand, the QP is set to QP_h if the current macroblock is close to the upper or lower boundary. If there are two boundaries close to the current macroblock, QP is set to a larger value between QP_w and QP_h. Figure 3 shows an example where QPf = 10, QPb = 20 and the other parameters are the same as in the former example shown in Figure 2.

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


Figure 2. Example of the area selection
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Figure 3. Example of the QP modification

3.3 Slice header syntax proposal

To implement the QP modification described in 3.2, we propose to change the syntax for the slice header when sub-pictures are in use which is proposed in VCEG-O-46, by including the QP of the background region when the slice of the foreground sub-picture. The changed syntax shall be as follows:

SubPictureSliceHeader{


PictureID


As defined in VCEG-N72-R1


SliceType


As defined in VCEG-N72-R1


FirstMBInSliceX

As defined in VCEG-O-46


FirstMBInSliceY

As defined in VCEG-O-46


QPf



Initial QP for the foreground sub-picture


QPb



Initial QP for the background sub-picture


SubPictureID


As defined in VCEG-O-46


SubPictureInfo

As defined in VCEG-O-46


Left



As defined in VCEG-O-46


Top



As defined in VCEG-O-46


Width



As defined in VCEG-O-46


Height



As defined in VCEG-O-46

}

The modification of QP is performed using QPf and QPb in the slice header as described above. Note that Dquant is not used for the proposed method. Therefore, Dquant can be used independently for other purposes such as rate control per macroblock.

4 Simulation results

The simulation conditions are same with VCEG-O57 except the QP selection method. Table 1 and 2 show the PSNR results of the proposed method and the method described in VCEG-O57. In the Table 1 and 2, RSP codec is the one described in VCEG-O57, and New codec means the proposed method where initial QPf and QPb is differently set in New codec1 and New codec 2.

In the Table 1 and 2, the average PSNR of the proposed method is almost same with the result of RSP codec. The exact PSNR changes depend on the value of the selection of QPf and QPb.

5 Conclusion

We propose a new method to select quantization parameter when sub-picture coding is used, and the syntax of the slice header for the sub-picture coding technique. We represent how the visible boundary between the foreground and background sub-picture can be reduced while the coding efficiency of the sub-picture coding technique is maintained. Note that the region of interest coding technique mainly utilizes the human visual characteristics. People may pay attention to the region of interest and tend to be less sensitive to the change in the background region in this case. We provide the more generalized scheme to select the foreground and background QP so that the region of interest coding can be effectively utilized.

Table 1. Results of Carphone

	Codec & Parameters
	PLR (%) 
	Y PSNR (dB)
	Cb PSNR (dB)
	Cr PSNR (dB)

	
	
	Avg
	Max
	Min
	Avg
	Max
	Min
	Avg
	Max
	Min

	New codec1

Target bitrate = 
64.00/56.00 kbps
3 GOBs/slice for FG

1 GOBs/slice for BG

IGUf = 1 GOB/frame,

IGUb = 1 GOB/frame
QPf = 16, QPb = 29

Bit rate = 54.07 kbps
	0
	26.53/28.87
	
	
	34.31/35.29
	
	
	36.22/35.58
	
	

	
	3
	26.10/28.83
	26.53/28.87
	25.29/28.54
	34.18/35.28
	34.31/35.29
	33.65/35.24
	36.17/35.57
	36.22/35.58
	36.09/35.51

	
	5
	25.49/28.64
	26.09/28.87
	24.60/27.76
	34.12/35.29
	34.28/35.35
	33.73/35.25
	36.15/35.57
	36.21/35.58
	36.11/35.50

	
	10
	24.69/28.09
	25.35/28.87
	23.97/26.93
	33.89/35.17
	34.24/35.31
	33.39/34.91
	36.06/35.46
	36.17/35.58
	35.88/35.20

	
	20
	23.68/27.49
	25.01/28.82
	22.43/26.79
	33.57/35.15
	34.00/35.29
	33.13/34.97
	35.93/35.44
	36.14/35.57
	35.69/35.14

	New codec2

Target bitrate = 
64.00/56.00 kbps
3 GOBs/slice for FG

3 GOBs/slice for BG

IGUf = 1 GOB/frame,

IGUb = 1 GOB/frame
QPf = 15, QPb = 28

Bit rate = 53.94 kbps
	0
	26.92/29.22
	
	
	34.53/35.68
	
	
	36.55/36.04
	
	

	
	3
	26.30/29.18
	26.92/29.22
	25.26/28.79
	34.41/35.67
	34.55/35.68
	33.96/35.62
	36.50/36.03
	36.55/36.04
	36.44/35.98

	
	5
	25.49/28.98
	26.31/29.22
	24.82/28.21
	34.30/35.67
	34.45/35.68
	34.01/35.65
	36.48/36.03
	36.52/36.05
	36.42/35.97

	
	10
	24.53/28.31
	25.59/29.22
	23.62/26.72
	34.05/35.58
	34.44/35.68
	33.69/35.42
	36.34/35.93
	36.47/36.04
	36.16/35.71

	
	20
	23.50/27.66
	24.50/29.18
	22.73/26.24
	33.75/35.50
	34.22/35.66
	33.23/35.27
	36.15/35.85
	36.34/36.04
	35.83/35.54

	RSP codec

Target bitrate =           64.00/56.06 kbps
3 GOBs/slice for FG

1 slices/picture for BG

IGUf = 1 GOB/frame, IGUb = 1 GOB/frame
QPf = 21, 22, 23, QPb = 24

Bit rate = 52.06 kbps
	0
	27.74/28.78
	
	
	34.88/35.41
	
	
	36.73/35.72
	
	

	
	3
	27.11/28.75
	27.74/28.78
	26.02/28.43
	34.76/35.41
	34.88/35.41
	34.43/35.32
	36.69/35.72
	36.73/35.72
	36.49/35.69

	
	5
	26.17/28.60
	26.9/28.78
	25.02/27.93
	34.67/35.41
	34.83/35.41
	34.29/35.37
	36.64/35.72
	36.72/35.75
	36.55/35.66

	
	10
	25.38/28.08
	26.08/28.78
	24.75/27.20
	34.42/35.34
	34.74/35.42
	34.13/35.17
	36.56/35.64
	36.66/35.72
	36.40/35.40

	
	20
	24.04/27.44
	25.41/28.76
	22.94/25.86
	34.03/35.26
	34.53/35.41
	33.52/35.01
	36.40/35.58
	36.64/35.72
	36.17/35.27

	Conv. Codec + ROI

Target bitrate =
64.00/54.40  kbps
Slice size = 3 GOBs/slice
IGU = 1 GOB/frame
QPf = 23, 24, 25, QPb = 26
Bit rate = 53.75 kbps
	0
	27.15/28.09
	
	
	34.49/34.91
	
	
	36.44/35.37
	
	

	
	3
	27.06/28.04
	27.15/28.09
	26.36/27.61
	34.49/34.91
	34.49/34.91
	34.47/34.91
	36.44/35.36
	36.44/35.37
	36.42/35.34

	
	5
	26.91/27.86
	27.15/28.09
	26.01/27.11
	34.45/34.89
	34.49/34.91
	34.27/34.83
	36.42/35.34
	36.44/35.37
	36.34/35.27

	
	10
	26.51/27.46
	27.05/27.99
	25.83/26.58
	34.41/34.86
	34.5/34.91
	34.29/34.76
	36.38/35.33
	36.44/35.36
	36.3/35.30

	
	20
	24.86/26.23
	26.37/27.22
	22.64/24.49
	34.22/34.78
	34.43/34.89
	33.61/34.65
	36.28/35.23
	36.42/35.34
	36.05/35.01

	Conv. Codec

Target bitrate = 64.00/54.40  kbps
Slice size = 3 GOBs/slice
IGU = 1 GOB/frame
QP = 26

Bit rate = 49.14 kbps
	0
	26.95/27.51
	
	
	34.35/34.48
	
	
	36.17/34.86
	
	

	
	3
	26.87/27.44
	26.95/27.51
	26.26/26.80
	34.34/34.48
	34.35/34.48
	34.31/34.46
	36.17/34.86
	36.17/34.87
	36.15/34.86

	
	5
	26.69/27.31
	26.95/27.51
	25.8/26.65
	34.31/34.46
	34.35/34.48
	34.19/34.37
	36.16/34.86
	36.17/34.88
	36.08/34.82

	
	10
	26.26/26.91
	26.79/27.30
	25.52/26.08
	34.27/34.43
	34.34/34.46
	34.13/34.38
	36.12/34.85
	36.17/34.88
	36.05/34.81

	
	20
	24.93/25.71
	25.97/26.70
	23.33/24.03
	34.07/34.35
	34.28/34.47
	33.63/34.25
	36.04/34.78
	36.17/34.85
	35.96/34.69


Table 2. Results of Coastguard

	Codec & Parameters
	PLR (%) 
	Y PSNR (dB)
	Cb PSNR (dB)
	Cr PSNR (dB)

	
	
	Avg
	Max
	Min
	Avg
	Max
	Min
	Avg
	Max
	Min

	New codec 1

Target bitrate = 
     64.00 / 56.00 kbps
3 GOB/slice for FG, 

3 GOB/slice for BG

IGUf = 1 GOB/frame, 

IGUb = 1 GOB/frame
QPf = 24, QPb = 31

Bit rates = 55.17 kbps
	0
	25.26/24.94
	
	
	38.44/39.91
	
	
	40.72/39.82
	
	

	
	3
	24.87/24.88
	25.26/24.94
	24.17/24.43
	38.39/39.91
	38.44/39.91
	38.25/39.88
	40.72/39.82
	40.75/39.82
	40.69/39.78

	
	5
	24.62/24.81
	25.03/24.94
	24.34/24.41
	38.35/39.91
	38.40/39.92
	38.31/39.90
	40.71/39.82
	40.73/39.82
	40.68/39.79

	
	10
	24.04/24.54
	24.57/24.94
	23.41/24.04
	38.22/39.91
	38.37/39.94
	37.91/39.84
	40.70/39.78
	40.74/39.82
	40.65/39.70

	
	20
	23.45/24.03
	23.90/24.93
	22.87/23.32
	38.14/39.88
	38.22/39.91
	38.01/39.77
	40.67/39.74
	40.80/39.82
	40.60/39.60

	New codec 2

Target bitrate = 64.00/56.00 kbps
3 GOB/slice for FG, 

3 GOB/slice for BG

IGUf = 1 GOB/frame, 

IGUb = 1 GOB/frame
QPf = 24, QPb = 31

Bit rates = 55.17 kbps
	0
	25.26/24.94
	
	
	38.44/39.91
	
	
	40.72/39.82
	
	

	
	3
	24.87/24.88
	25.26/24.94
	24.17/24.43
	38.39/39.91
	38.44/39.91
	38.25/39.88
	40.72/39.82
	40.75/39.82
	40.69/39.70

	
	5
	24.62/24.81
	25.03/24.94
	24.34/24.41
	38.35/39.91
	38.40/39.92
	38.31/39.90
	40.71/39.82
	40.73/39.82
	40.68/39.79

	
	10
	24.04/24.54
	24.57/24.94
	23.41/24.04
	38.22/39.91
	38.37/39.94
	37.91/39.84
	40.70/39.78
	40.74/39.82
	40.65/39.70

	
	20
	23.45/24.03
	23.90/24.93
	22.87/23.32
	38.14/39.88
	38.22/39.91
	38.01/39.77
	40.67/39.74
	40.80/39.82
	40.60/39.60

	RSP codec

Target bitrate = 
     64.00 / 56.00 kbps
1 GOBs/slice for FG, 

1 GOBs/slice for BG

IGUf = 1 GOB/frame, 

IGUb = 1 GOB/frame
QPf = 24, 25, 26, QPb = 27
Bit rates = 55.41 kbps
	0
	26.01/24.97
	
	
	38.75/39.75
	
	
	41.39/39.75
	
	

	
	3
	25.67/24.91
	26.01/24.97
	25.05/24.4
	38.71/39.75
	38.75/39.75
	38.66/39.74
	41.38/39.75
	41.40/39.75
	41.30/39.72

	
	5
	25.48/24.87
	25.78/24.97
	24.98/24.49
	38.67/39.75
	38.72/39.76
	38.54/39.74
	41.40/39.74
	41.66/39.77
	41.29/39.56

	
	10
	24.73/24.64
	25.57/24.97
	23.93/24.11
	38.52/39.74
	38.68/39.77
	38.05/39.73
	41.40/39.73
	41.71/39.78
	41.26/39.66

	
	20
	24.10/24.09
	24.70/24.96
	23.58/23.28
	38.41/39.70
	38.60/39.76
	38.31/39.64
	41.40/39.73
	41.47/39.82
	41.28/39.59

	Conv. Codec + ROI

Target bitrate = 64.00/54.40 kbps
Slice size = 1 GOBs/slice
IGU = 1 GOB/frame
QPf = 25, 26, 27, QPb = 28
Bit rates = 50.99 kbps
	0
	25.66/24.52
	
	
	38.83/40.32
	
	
	40.83/39.42
	
	

	
	3
	25.62/24.46
	25.66/24.52
	25.47/24.12
	38.84/40.31
	38.84/40.32
	38.83/40.30
	40.82/39.41
	40.83/39.42
	40.78/39.30

	
	5
	25.37/24.28
	25.66/24.52
	24.91/23.76
	38.8/40.29
	38.84/40.32
	38.73/40.22
	40.83/39.43
	40.87/39.51
	40.82/39.41

	
	10
	25.1/23.88
	25.45/24.34
	24.31/23.14
	38.79/40.27
	38.84/40.37
	38.67/40.19
	40.81/39.39
	40.89/39.48
	40.68/39.20

	
	20
	24.15/22.90
	25.15/23.78
	23.18/22.11
	38.65/40.25
	38.85/40.40
	38.41/40.12
	40.82/39.41
	41.06/39.76
	40.7/39.26

	Conv. Codec

Target bitrate = 64.00/54.40 kbps
Slice size = 1 GOBs/slice
IGU = 1 GOB/frame
QP = 27
Bit rates = 52.08 kbps
	0
	25.67/24.31
	
	
	38.76/39.82
	
	
	41.61/39.81
	
	

	
	3
	25.64/24.26
	25.67/24.31
	25.5/23.96
	38.7/39.82
	38.76/39.83
	38.7/39.82
	41.61/39.80
	41.61/39.81
	41.54/39.73

	
	5
	25.36/24.06
	25.67/24.31
	24.96/23.72
	38.75/39.84
	38.77/39.91
	38.67/39.81
	41.6/39.79
	41.68/39.89
	41.54/39.67

	
	10
	25.07/23.73
	25.46/24.11
	24.22/23.05
	38.72/39.82
	38.76/39.90
	38.63/39.73
	41.59/39.78
	41.64/39.84
	41.52/39.63

	
	20
	24.21/22.83
	25.05/23.47
	23.28/21.99
	38.64/39.82
	38.78/39.90
	38.41/39.67
	41.53/39.66
	41.66/39.76
	41.37/39.52
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	Submitting Organization or Person:

	Organization name
	Samsung Electronics Co. Ltd.
	

	Mailing address
	P.O.Box 111, Suwon, Korea 440-600
	

	Country
	Korea
	

	Contact person
	Woo-Shik Kim
	

	Telephone
	82-31-280-9214
	

	Fax
	82-31-280-9207
	

	Email
	wskim@sait.samsung.co.kr
	

	Place and date of submission
	Korea, 24 Jan. 2002
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	
	

	Title
	
	

	Contribution number
	
	

	
	
	


(Form continues on next page)

	Disclosure information – Submitting Organization/Person  (choose one box)

	
	

	[image: image4.wmf]
	2.0
The submitter is not aware of having any granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.

or,

	The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.  In which case,



	[image: image5.wmf]
	2.1 The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above Recommendation | Standard.

	
	

	[image: image6.wmf]
	2.2
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above Recommendation | Standard.


Such negotiations are left to the parties concerned and are performed outside the ITU | ISO/IEC.

	
	

	X
	2.2.1
The same as box 2.2 above, but in addition the Patent Holder is prepared to grant a “royalty-free” license to anyone on condition that all other patent holders do the same.

	
	

	[image: image7.wmf]
	2.3
The Patent Holder is unwilling to grant licenses according to the provisions of either 2.1, 2.2, or 2.2.1 above.  In this case, the following information must be provided as part of this declaration:

· patent registration/application number;
· an indication of which portions of the Recommendation | Standard are affected.
· a description of the patent claims covering the Recommendation | Standard;

	In the case of any box other than 2.0 above, please provide the following:

	Patent number(s)/status
	
	

	Inventor(s)/Assignee(s)
	
	

	Relevance to JVT
	
	

	Any other remarks:
	
	

	(please provide attachments if more space is needed)




(form continues on next page)

Third party patent information – fill in based on your best knowledge of relevant patents granted, pending, or planned by other people or by organizations other than your own.

	Disclosure information – Third Party Patents (choose one box)

	
	

	[image: image8.wmf]
	3.1
The submitter is not aware of any granted, pending, or planned patents held by third parties associated with the technical content of the Recommendation | Standard or Contribution.



	[image: image9.wmf]
	3.2
The submitter believes third parties may have granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.



	For box 3.2, please provide as much information as is known (provide attachments if more space needed) - JVT will attempt to contact third parties to obtain more information:



	3rd party name(s)
	
	

	Mailing address
	
	

	Country
	
	

	Contact person
	
	

	Telephone
	
	

	Fax
	
	

	Email
	
	

	Patent number/status
	
	

	Inventor/Assignee
	
	

	Relevance to JVT
	
	

	
	
	


	Any other comments or remarks:
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