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1. Introduction

This proposal addresses issues that were not resolved from the previous meeting in Geneva [1]. It includes RGB, XYZ and YUV coding for the extended bit depth in 4:4:4 Chroma formats. Also there were issues regarding the MC interpolation method, loop filtering, CBP coding for 4:4:4 and 4:4:4:4 Chroma formats. On top of these topics, we also propose a mathematically lossless RGB coding for archive uses, and bit-depth adaptive wegihted prediction. For each of this issue we provide solutions that need minimal syntax changes while giving better compression efficiency. In the subsequent sections we describe the proposed solutions in detail.

2. Proposed Methods

In this section, we summarize the proposed method for the issues aforementioned. 

2.1. RGB Coding

For RGB coding we use the same method as proposed from the previous meeting. The proposed method supports any color space equally well by introducing a flag to signal the DPCM coding of residual images [2]. It avoids the color distortion due to the rounding errors resulting from the color space conversion involved when coded in YUV space. Simulation results clearly show that due to the color space conversion there exists an achievable PSNR limit when coded in YUV space. By applying DPCM we achieve more than 40% coding gain when compared with the case without DPCM.
2.2. Lossless RGB Coding

The lossless coding is required for the archive usage. To support mathematically lossless coding, we propose to use the RGB color space with 4:4:4 chroma format without transformation and quantization. To increase the coding efficiency we also apply the same DPCM coding described in section 2.1. No color space conversion should be allowed to be lossless.

2.3. MC Interpolation for 4:4:4 Chroma formats

We conducted an extensive simulation to compare the performances between 6-tab filter and bilinear transform for various 4:4:4 chroma format contents both in YUV and RGB spaces. Table 1 shows the summary of MC interpolation results when we apply the filtering to high resolution images and low resolution images in both spaces.  

Table1: Selection of best performance for MC interpolation comparison

High Resolution (HD)
Low Resolution (SD)

RGB space
Bilinear Transform (BT)
6-tab filter

YUV space
BT
Y:6-tab UV:BT

It shows that bilinear transform gives better performance for more correlated images such as high resolution images or UV components. For low resolution images, 6-tab shows better results for RGB images while 6-tab for Y and bilinear transform for UV shows better performance. In RGB space each component shows the similar characteristics among components. But in YUV space Y component and UV components show the different characteristics. To handle all the cases equally well we propose to use 6-tab for all the RGB components while to use 6-tab for Y and bilinear transform for UV components. 
2.4. Loop Filtering for 4:4:4 Chroma formats

It shares the same rationale that in RGB space each component shows the similar characteristics while in YUV space Y component and UV components show the different characteristics. So we propose as follows:

For RGB images, we apply the same Luma loop filtering to all the components. For YUV 4:4:4 format we apply the same filtering except that the Chroma deblocking filter is performed on four 16 sample edges since the resolution for Chroma format has increased. For 10-bit images we scale all the thresholds linearly as Dolby proposed [3].
2.5. CBP Coding for 4:4:4 Chroma formats

In this application we propose how we code the coded_block_pattern efficiently in 4:4:4 chroma formats in YUV or RGB color spaces. We further handle the possible 4:4:4:4 cases that include the possible alpha channel. Depending on the partitions, the bit saving gain differs. For example as shown in Figure 1, we can assign coded_block_pattern bit independently for each 8x8 block from YUV components. In this case we have 
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 different cases to code the coded_block_pattern. On the other hand, we can combine the coded_block_pattern bit for the collocated 8x8 blocks in UV components as shown in Figure 2. In this case there are 
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 different cases. To compare the coding efficiency we need to estimate the bit saving gain for each possible partition.
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Figure 1: 12 independent Coded Block Pattern coding
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Figure 2: 8 independent Coded Block Pattern coding (4 for Y and 4 for UV components)

For this purpose, we formulate the bit saving gain as follows:
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where A is the number of not coded 8x8 blocks, H is the entropy of the coded_block_pattern and N is the number of macroblocks. Here we assume that we need (H+1) bits to code the coded_block_pattern for each macroblock and 1 bit to code each coded_block_flag. The number of not coded 8x8 blocks differs depending on the partitions. For example in Figure 1, any block that is not coded is counted while in Figure 2, both of the collocated 8x8 blocks in UV components should not be coded to be counted as not coded blocks. Using this method, we estimated the bit saving gain for the following partitions.

1. 12x1 (combined coding using 12 8x8 blocks)

2. 4+8 (separate coding for Y and UV components using 12 8x8 blocks)
3. 4+4+4 (separate coding for YUV components using 12 8x8 blocks) 
4. 8x1 (combined coding using 8 8x8 blocks)
5. 4+4 (separate coding for Y and UV components using 8 8x8 blocks)
6. 6x1 (current scheme for 4:2:0 format)
For cases 1-3 we use the partition in Figure 1 while for cases 4-5 we use the partition in Figure 2. The difference between case 1 and 2 is that we use separate codebook for Y component and UV component in case (2) while we use one codebook to represent the 
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 cases in case (1). We use the following formula if separate coding is involved as in cases 2, 3 and 5.
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where i is the number of independent cases.

Using (1) and (2) we run the test for several images. The simulation results show that case 1 shows the best performance followed by case (4). Even though cases 2 and 3 have more not coded blocks, their gain is decreased due to the increased entropy for separate coding. It is more efficient to generate codewords for groups or sequences of symbols rather than generating a separate codeword for each symbol in a sequence. 

To compare the case 1 and 4 we need to consider the several factors other than the coding gain. The current JVT coding uses the either context adaptive arithmetic coding (CABAC) or Exp-Golomb code. The CABAC is not affected by the long sequence of symbols because we don’t have to generate codewords for all sequences of the given length. But the Exp_Golomb code should generate codewords for all sequences of the given length (12 for case 1). But this approach is impractical when we try to obtain codewords for long sequences of symbols. Another factor is that as we decrease the quantization step size, the number of not coded blocks decreases more rapidly than the entropy. So the coding gain order is reversed between (1) and (4). For 4:4:4 chroma formats, we assume that the popular quantization step size will be lower than that of 4:2:0 formats. So we propose case (4) for coded_block_pattern coding in 4:4:4 chroma formats. It will give the better coding efficiency for lower quantization step sizes along with the compressed codebook for Exp-Golomb code. The 6-bit assignment for the coded_block_pattern as in the 4:2:0 chroma format case [4] shows poor performance due to the increased resolution of the UV components.

We also need to consider the case of 4:4:4:4 chroma formats to include the possible alpha channel. In this case we propose to use 4+8 coded_block_pattern coding to separate the alpha channel from the other YUV components as shown in Figure 3. Using this method, we can avoid the problem of longer sequences due to the added alpha channel.
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Figure 3: Proposed method (4+8 independent Coded Block Pattern coding: 4 for alpha channel and 8 for Y and UV components)
2.6. Bit-depth adaptive Weighted prediction

To support N-bit weighted prediction, the prediction process described in section 8.4.2.3.2 in [4] should be changed. There are two possible solutions:

1. Use the weighting values (logWD, o0, o1, w0, w1) of 8-bit case multiplied by 2(N-8).

2. Modify the range of the weighting values (logWD, o0, o1, w0, w1).
Since the DistScaleFactor is independent on the bit-depth, the solution 1 would be suitable for the implicit mode. Therefore, the weighting values become

· logWD = 5+(N(8)

· o0 = o1 = 0

· w0 = w1 = 32 <<(N(8) or 

w0 = (64( (DistScaleFactor>>2)) << (N(8),

w1 = (DistScaleFactor>>2) << (N(8).

In the explicit mode, we also propose to use solution 1. This will change the specification as below

· For luma samples,

· logWD = luma_log2_weight_denom << (N(8)

· w0 = luma_weight_10[refIdxL0WP] << (N(8)

· w1 = luma_weight_11[refIdxL1WP] << (N(8)

· o0 = luma_offset_10[refIdxL0WP] << (N(8)

· o1 = luma_offset_11[refIdxL1WP] << (N(8)

· For chroma samples, same modification is applied as luma case.
The advantage of using solution 1 in the explicit mode is that the code length for the weighting values is bit-depth independent.
3. Experimental Results

This section summarizes the simulation results. It clearly shows the efficiency of the inter-plane prediction. Figure 4 shows that there exists an achievable PSNR results if we code images by converting them into YUV space.

3.1. Further results on RGB coding (8 bits material)

Test conditions:

· Test sequences: Crew, Harbour (1280x720@60p, 8 bit)

· QP: 4, 12, 18, 24, 30

· Search range: 32

· Entropy coding: CABAC

· RD-optimized mode selection: On

· Number of reference frames: 3

· GOP structure: N 30, M 3 (IBBP…)
Table2: RGB coding Results (8 bit)

Seq.
QP
RGB
YCbCr
New



bitrate
(Mbps)
Avg.
PSNR (dB)
bitrate
(Mbps)
Avg.
PSNR (dB)
bitrate
(Mbps)
Avg.
PSNR (dB)

Crew
4
467 
54.3 
253 
48.3 
351 
54.6 


12
242 
47.8 
119 
44.9 
179 
48.3 


18
116 
43.1 
48 
40.9 
89 
43.5 


24
39 
39.2 
13 
37.8 
32 
39.4 


30
13 
36.5 
4 
35.5 
10 
36.7 

Harbour
4
569 
53.8 
284 
48.1 
388 
54.5 


12
332 
47.3 
152 
44.6 
214 
48.0 


18
189 
42.4 
79 
40.5 
122 
42.9 


24
87 
37.8 
32 
36.5 
58 
38.2 


30
37 
34.2 
12 
32.9 
27 
34.3 
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Figure 4: RGB coding Results (8 bit)
3.2. Further results on RGB coding (10 bits material)

Test conditions:

· Test sequences: Tomatoes, Man_in_car (1920x1088@24p, 10 bit)

· QP: -8, 0, 6, 12 (4, 12, 18, 24)

· Search range: 32

· Entropy coding: CABAC

· RD-optimized mode selection: On

· Number of reference frames: 3

· GOP structure: N 30, M 3 (IBBP…)
Table3: RGB coding Results (10 bit)
Seq.
QP
RGB
New



bitrate
(Mbps)
Avg.
PSNR (dB)
bitrate
(Mbps)
Avg.
PSNR (dB)

Tomatoes
-8
780 
65.8 
654 
65.9 


0
537 
58.7 
425 
58.9 


6
364 
52.9 
279 
53.4 


12
204 
47.4 
161 
48.0 

Man in Car
-8
673 
65.8 
588 
65.9 


0
431 
58.7 
363 
59.0 


6
267 
53.3 
225 
53.7 


12
138 
48.4 
122 
48.7 
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Figure 5: RGB coding Results (10 bit)

3.3. Color distortion due to the color space conversion
[image: image13.png]



Figure 6: Color distortion due to the color space conversion (Man in Restaurant, 300th frame, 8 bit, clipped from 1920x896 to 1024x768). The left side is the original image and the right side is the distorted image due to color space conversion. It clearly shows the distorted color in the face and shirts. The distorted image is obtained by converting the RGB components into YUV components using floating point operation followed by rounding and converted back to RGB space using the same operation without any coding involved.
3.4. Lossless coding

Test conditions: Same as in section 3.1 except QP values.

Table4: Lossless RGB coding Results
Bit-depth
Seq.
Bitrate (Mbps)
gain (%)



RGB
New


10 bit
Crew
1001
884
13.29


Harbour
1185
921
28.60

8 bit
Crew
625
552
13.15


Harbour
756
602
25.50

4. Conclusions

We provided solutions for the unsolved issues from the previous meeting. The introduction of DPCM coding for residue images in RGB space achieves great coding efficiency while avoiding the color distortion resulting from the color space conversion. Applying multi-generaton coding to the images clearly shows the color distortion. The Chroma_residue_pred_flag that signals the usage of DPCM makes the proposed codec universal for any color spaces. We also proposed mathematically lossless RGB coding using the same DPCM coding while removing the transformation part. It makes the proposed JVT codec a complete package for various needs of video compression.
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				18		17550240		81		40.5		41.2		40.3		40.7		17717744		82		40.5		41.2		40.3		40.7

				24		7081240		33		36.4		37.0		36.2		36.5		7151112		33		36.3		36.9		36.2		36.5

				30		2541144		12		32.8		33.3		32.7		33.0		2542680		12		32.8		33.3		32.7		32.9
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BDBR

		

		Seq.		QP		RGB				YCbCr				New

						bitrate
(Mbps)		Avg.
PSNR (dB)		bitrate
(Mbps)		Avg.
PSNR (dB)		bitrate
(Mbps)		Avg.
PSNR (dB)

		Crew		4		467		54.3		253		48.3		351		54.6

				12		242		47.8		119		44.9		179		48.3

				18		116		43.1		48		40.9		89		43.5

				24		39		39.2		13		37.8		32		39.4

				30		13		36.5		4		35.5		10		36.7

		Harbour		4		569		53.8		284		48.1		388		54.5

				12		332		47.3		152		44.6		214		48.0

				18		189		42.4		79		40.5		122		42.9

				24		87		37.8		32		36.5		58		38.2

				30		37		34.2		12		32.9		27		34.3





						Crew								Harbour

				QP		30		24		18		12		30		24		18		12

		YUV444		avg_psnr		35.5		37.8		40.9		44.9		32.9		36.5		40.5		44.6

				bits		4188		13276		48244		118756		11552		31865		78776		151945

		RGB		avg_psnr		36.5		39.2		43.1		47.8		34.2		37.8		42.4		47.3

				bits		13320		39338		115889		242147		37122		87254		189297		331964

		RGB New		avg_psnr		36.7		39.4		43.5		48.3		34.3		38.2		42.9		48.0

				bits		10194		31518		89490		178503		26560		58318		121514		214182

		YCoCg		avg_psnr		35.6		37.8		41.1		44.9		32.9		36.5		40.7		44.8

				bits		4370		14410		51664		126361		11735		33005		81774		157736

		Seq.		QP		YCbCr				RGB

						bitrate (Mbps)		Avg. PSNR (dB)		bitrate (Mbps)		Avg. PSNR (dB)

		Crew		12		119		44.9		242		47.8

				18		48		40.9		116		43.1

				24		13		37.8		39		39.2

				30		4		35.5		13		36.5

		Harbour		12		152		44.6		332		47.3

				18		79		40.5		189		42.4

				24		32		36.5		87		37.8

				30		12		32.9		37		34.2

						Crew								Harbour

				QP		24		18		12		4		24		18		12		4

		YUV444		avg_psnr		37.8		40.9		44.9		48.3		36.5		40.5		44.6		48.1

				bits		13276		48244		118756		253224		31865		78776		151945		284315

		RGB		avg_psnr		39.2		43.1		47.8		54.3		37.8		42.4		47.3		53.8

				bits		39338		115889		242147		466536		87254		189297		331964		568606

		RGB New		avg_psnr		39.4		43.5		48.3		54.6		38.2		42.9		48.0		54.5

				bits		31518		89490		178503		351211		58318		121514		214182		387873

		YCoCg		avg_psnr		37.8		41.1		44.9		48.0		36.5		40.7		44.8		47.9

				bits		14410		51664		126361		295168		33005		81774		157736		335770
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10bits

		

						Method		RGB_ONE												RGB_NEW												YUV_ONE

												PSNR												PSNR												PSNR

		sequence				QP		total bits		bitrates		G		R		B		AVG		total bits		bitrates		G		R		B		AVG		total bits		bitrates		G		R		B		AVG

		traffic		24		12		2465611808		198.57		48.59		47.54		46.63		47.59		2313841800		186.35		48.63		47.59		46.65		47.62		1169844608		94.22

				18		6		4398684280		354.26		53.4		52.49		52.21		52.70		4198403192		338.13		53.46		52.53		52.22		52.74		2410028024		194.10

				12		0		6643372136		535.04		58.91		58.12		58.02		58.35		6404885264		515.83		59.01		58.14		58.03		58.39				0.00

				4		-8		9837534440		792.28		66.23		64.97		64.93		65.38		9546730392		768.86		66.42		64.98		64.95		65.45				0.00

		bicycle		24		12		1689280968		136.05		47.4		48.13		46.53		47.35		1721589592		138.65		47.38		47.94		46.52		47.28		815420976		65.67

				18		6		3381756096		272.36		52.78		52.66		52.2		52.55		3486293848		280.78		52.77		52.55		52.19		52.50		2269697616		182.79

				12		0		5222506848		420.60		58.55		58.17		58.02		58.25		5367891520		432.31		58.63		58.12		58.01		58.25		4088437808		329.27

				4		-8		7719171600		621.68		65.7		64.99		64.93		65.21		7900648728		636.29		65.87		64.97		64.93		65.26		6547168160		527.29

		restaurant		24		12		1683749416		135.60		47.62		48.47		46.43		47.51		1757509176		141.54		47.55		48.19		46.42		47.39		821436888		66.16

				18		6		3387460160		272.82		53.07		52.73		52.15		52.65		3524036616		283.82		53		52.59		52.15		52.58		2314139664		186.37

				12		0		5215356680		420.03		58.86		58.19		57.99		58.35		5384836184		433.68		58.9		58.13		57.99		58.34		4126907952		332.37

				4		-8		7693126832		619.58		66.1		64.99		64.92		65.34		7900548024		636.29		66.26		64.96		64.91		65.38		6559746144		528.30

		tomatoes		24		12		849297528		203.83		47.97		47.21		47.06		47.41		668801272		160.51		48.73		47.81		47.37		47.97		431975080		103.67

				18		6		1518392200		364.41		53.64		52.53		52.47		52.88		1161718696		278.81		54.35		53.05		52.74		53.38		836974992		200.87

				12		0		2239464056		537.47		59.64		58.19		58.17		58.67		1769957520		424.79		60		58.51		58.33		58.95		1345143280		322.83

				4		-8		3247962680		779.51		67.19		65.07		65.06		65.77		2725814904		654.20		67.39		65.21		65.13		65.91		2224955064		533.99

		man_in_car		24		12		575097616		138.02		48.93		48.3		47.89		48.37		506335672		121.52		49.51		48.65		48.02		48.73		315609152		75.75

				18		6		1111966624		266.87		53.92		53.04		52.86		53.27		938638248		225.27		54.61		53.42		53.04		53.69		665934168		159.82

				12		0		1797830960		431.48		59.5		58.37		58.3		58.72		1511307672		362.71		60.01		58.63		58.44		59.03		1146948272		275.27

				4		-8		2805434992		673.30		67.22		65.12		65.1		65.81		2449133248		587.79		67.39		65.24		65.15		65.93		2011667816		482.80





AVSNR

		

				RGB_NEW vs RGB_ONE

		Seq		BDBR		BDPSNR

		traffic		-4.39		0.57

		bicycle		2.95		-0.36

		restaurant		3.98		-0.48

		tomatoes		-23.37		3.65

		man_in_car		-17.47		2.12

		Seq.		QP		RGB				New

						bitrate
(Mbps)		Avg.
PSNR (dB)		bitrate
(Mbps)		Avg.
PSNR (dB)

		Tomatoes		-8		780		65.8		654		65.9

				0		537		58.7		425		58.9

				6		364		52.9		279		53.4

				12		204		47.4		161		48.0

		Man in Car		-8		673		65.8		588		65.9

				0		431		58.7		363		59.0

				6		267		53.3		225		53.7

				12		138		48.4		122		48.7

				-8		780		65.8		654		65.9

				0		537		58.7		425		58.9

				6		364		52.9		279		53.4

				12		204		47.4		161		48.0

				-8		673		65.8		588		65.9

				0		431		58.7		363		59.0

				6		267		53.3		225		53.7

				12		138		48.4		122		48.7
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10bits

		

						Method		RGB_ONE												RGB_NEW												YUV_ONE

												PSNR												PSNR												PSNR

		sequence				QP		total bits		bitrates		G		R		B		AVG		total bits		bitrates		G		R		B		AVG		total bits		bitrates		G		R		B		AVG

		traffic		24		12		2465611808		198.57		48.59		47.54		46.63		47.59		2313841800		186.35		48.63		47.59		46.65		47.62		1169844608		94.22

				18		6		4398684280		354.26		53.4		52.49		52.21		52.70		4198403192		338.13		53.46		52.53		52.22		52.74		2410028024		194.10

				12		0		6643372136		535.04		58.91		58.12		58.02		58.35		6404885264		515.83		59.01		58.14		58.03		58.39				0.00

				4		-8		9837534440		792.28		66.23		64.97		64.93		65.38		9546730392		768.86		66.42		64.98		64.95		65.45				0.00

		bicycle		24		12		1689280968		136.05		47.4		48.13		46.53		47.35		1721589592		138.65		47.38		47.94		46.52		47.28		815420976		65.67

				18		6		3381756096		272.36		52.78		52.66		52.2		52.55		3486293848		280.78		52.77		52.55		52.19		52.50		2269697616		182.79

				12		0		5222506848		420.60		58.55		58.17		58.02		58.25		5367891520		432.31		58.63		58.12		58.01		58.25		4088437808		329.27

				4		-8		7719171600		621.68		65.7		64.99		64.93		65.21		7900648728		636.29		65.87		64.97		64.93		65.26		6547168160		527.29

		restaurant		24		12		1683749416		135.60		47.62		48.47		46.43		47.51		1757509176		141.54		47.55		48.19		46.42		47.39		821436888		66.16

				18		6		3387460160		272.82		53.07		52.73		52.15		52.65		3524036616		283.82		53		52.59		52.15		52.58		2314139664		186.37

				12		0		5215356680		420.03		58.86		58.19		57.99		58.35		5384836184		433.68		58.9		58.13		57.99		58.34		4126907952		332.37

				4		-8		7693126832		619.58		66.1		64.99		64.92		65.34		7900548024		636.29		66.26		64.96		64.91		65.38		6559746144		528.30

		tomatoes		24		12		849297528		203.83		47.97		47.21		47.06		47.41		668801272		160.51		48.73		47.81		47.37		47.97		431975080		103.67

				18		6		1518392200		364.41		53.64		52.53		52.47		52.88		1161718696		278.81		54.35		53.05		52.74		53.38		836974992		200.87

				12		0		2239464056		537.47		59.64		58.19		58.17		58.67		1769957520		424.79		60		58.51		58.33		58.95		1345143280		322.83

				4		-8		3247962680		779.51		67.19		65.07		65.06		65.77		2725814904		654.20		67.39		65.21		65.13		65.91		2224955064		533.99

		man_in_car		24		12		575097616		138.02		48.93		48.3		47.89		48.37		506335672		121.52		49.51		48.65		48.02		48.73		315609152		75.75

				18		6		1111966624		266.87		53.92		53.04		52.86		53.27		938638248		225.27		54.61		53.42		53.04		53.69		665934168		159.82

				12		0		1797830960		431.48		59.5		58.37		58.3		58.72		1511307672		362.71		60.01		58.63		58.44		59.03		1146948272		275.27

				4		-8		2805434992		673.30		67.22		65.12		65.1		65.81		2449133248		587.79		67.39		65.24		65.15		65.93		2011667816		482.80





AVSNR

		

				RGB_NEW vs RGB_ONE

		Seq		BDBR		BDPSNR

		traffic		-4.39		0.57

		bicycle		2.95		-0.36

		restaurant		3.98		-0.48

		tomatoes		-23.37		3.65

		man_in_car		-17.47		2.12

		Seq.		QP		RGB				New

						bitrate
(Mbps)		Avg.
PSNR (dB)		bitrate
(Mbps)		Avg.
PSNR (dB)

		Tomatoes		-8		780		65.8		654		65.9

				0		537		58.7		425		58.9

				6		364		52.9		279		53.4

				12		204		47.4		161		48.0

		Man in Car		-8		673		65.8		588		65.9

				0		431		58.7		363		59.0

				6		267		53.3		225		53.7

				12		138		48.4		122		48.7

				-8		780		65.8		654		65.9

				0		537		58.7		425		58.9

				6		364		52.9		279		53.4

				12		204		47.4		161		48.0

				-8		673		65.8		588		65.9

				0		431		58.7		363		59.0

				6		267		53.3		225		53.7

				12		138		48.4		122		48.7
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						YUV												RGB

				QP		bps		Mbps		PSNR_R		PSNR_G		PSNR_B		avr		bps		Mbps		PSNR_G		PSNR_R		PSNR_B		avr

		Crew		4		253224		253		48.0		49.6		47.2		48.3		466536		467		55.28		53.79		53.75		54.3

				12		118756		119		44.7		46.4		43.5		44.9		242147		242		48.2		47.7		47.6		47.8

				18		48244		48		40.9		42.4		39.6		40.9		115889		116		43.3		43.1		42.9		43.1

				24		13276		13		37.8		39.2		36.4		37.8		39338		39		39.5		39.3		38.7		39.2

				30		4188		4		35.4		36.8		34.3		35.5		13320		13		37.0		36.7		35.8		36.5

		Harbour		4		284315		284		47.9		49.2		47.1		48.1		568606		569		54.2		53.6		53.6		53.8

				12		151945		152		44.4		45.9		43.4		44.6		331964		332		47.4		47.3		47.3		47.3

				18		78776		79		40.3		41.8		39.4		40.5		189297		189		42.3		42.4		42.3		42.4

				24		31865		32		36.3		37.4		35.6		36.5		87254		87		37.7		37.9		37.8		37.8

				30		11552		12		32.8		33.6		32.3		32.9		37122		37		33.8		34.4		34.4		34.2

						RGB One												New

				QP		bits		Mbps		PSNR_G		PSNR_R		PSNR_B		avr		bps		Mbps		PSNR_G		PSNR_R		PSNR_B		avr

		Crew		4														76095704		351		55.9		54.0		54.0		54.6

				12		51712968		239		48.3		47.7		47.6		47.9		38675752		179		48.9		48.1		47.9		48.3

				18		24518256		113		43.3		43.1		42.9		43.1		19389504		89		43.7		43.5		43.2		43.5

				24		8075552		37		39.6		39.3		38.7		39.2		6829008		32		39.8		39.6		38.9		39.4

				30		2618736		12		37.0		36.9		35.9		36.6		2208600		10		37.1		37.0		36.0		36.7

		Harbour		4														84039048		388		55.4		54.1		54.1		54.5

				12		71990544		332		47.5		47.3		47.3		47.4		46406128		214		48.2		47.9		47.9		48.0

				18		40901816		189		42.4		42.3		42.3		42.3		26327952		122		43.0		42.9		42.9		42.9

				24		18447224		85		37.8		37.7		37.7		37.7		12635616		58		38.2		38.2		38.1		38.2

				30		7590088		35		33.8		34.3		34.2		34.1		5754728		27		34.1		34.5		34.4		34.3

						YCoCg 444												YCoCg One

				QP		bits		Mbps		PSNR_R		PSNR_G		PSNR_B		avr		bits		Mbps		PSNR_R		PSNR_G		PSNR_B		avr

		Crew		4														63953168		295		47.4		49.2		47.3		48.0

				12		27194360		126		44.8		45.8		44.4		45.0		27378320		126		44.7		45.8		44.2		44.9

				18		11050840		51		41.0		41.9		40.3		41.1		11193768		52		41.0		41.9		40.3		41.1

				24		3080680		14		37.8		38.7		36.8		37.8		3122112		14		37.9		38.7		36.9		37.8

				30		959464		4		35.4		36.4		34.7		35.5		946728		4		35.6		36.4		34.8		35.6

		Harbour		4														72750208		336		47.3		48.9		47.4		47.9

				12		34212936		158		44.6		45.4		44.5		44.8		34176064		158		44.5		45.4		44.5		44.8

				18		17550240		81		40.5		41.2		40.3		40.7		17717744		82		40.5		41.2		40.3		40.7

				24		7081240		33		36.4		37.0		36.2		36.5		7151112		33		36.3		36.9		36.2		36.5

				30		2541144		12		32.8		33.3		32.7		33.0		2542680		12		32.8		33.3		32.7		32.9
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		Seq.		QP		RGB				YCbCr				New

						bitrate
(Mbps)		Avg.
PSNR (dB)		bitrate
(Mbps)		Avg.
PSNR (dB)		bitrate
(Mbps)		Avg.
PSNR (dB)

		Crew		4		467		54.3		253		48.3		351		54.6

				12		242		47.8		119		44.9		179		48.3

				18		116		43.1		48		40.9		89		43.5

				24		39		39.2		13		37.8		32		39.4

				30		13		36.5		4		35.5		10		36.7

		Harbour		4		569		53.8		284		48.1		388		54.5

				12		332		47.3		152		44.6		214		48.0

				18		189		42.4		79		40.5		122		42.9

				24		87		37.8		32		36.5		58		38.2

				30		37		34.2		12		32.9		27		34.3





						Crew								Harbour

				QP		30		24		18		12		30		24		18		12

		YUV444		avg_psnr		35.5		37.8		40.9		44.9		32.9		36.5		40.5		44.6
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				bits		10194		31518		89490		178503		26560		58318		121514		214182

		YCoCg		avg_psnr		35.6		37.8		41.1		44.9		32.9		36.5		40.7		44.8

				bits		4370		14410		51664		126361		11735		33005		81774		157736

		Seq.		QP		YCbCr				RGB

						bitrate (Mbps)		Avg. PSNR (dB)		bitrate (Mbps)		Avg. PSNR (dB)

		Crew		12		119		44.9		242		47.8
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				24		13		37.8		39		39.2

				30		4		35.5		13		36.5

		Harbour		12		152		44.6		332		47.3

				18		79		40.5		189		42.4

				24		32		36.5		87		37.8

				30		12		32.9		37		34.2
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				QP		24		18		12		4		24		18		12		4

		YUV444		avg_psnr		37.8		40.9		44.9		48.3		36.5		40.5		44.6		48.1

				bits		13276		48244		118756		253224		31865		78776		151945		284315

		RGB		avg_psnr		39.2		43.1		47.8		54.3		37.8		42.4		47.3		53.8

				bits		39338		115889		242147		466536		87254		189297		331964		568606

		RGB New		avg_psnr		39.4		43.5		48.3		54.6		38.2		42.9		48.0		54.5

				bits		31518		89490		178503		351211		58318		121514		214182		387873

		YCoCg		avg_psnr		37.8		41.1		44.9		48.0		36.5		40.7		44.8		47.9

				bits		14410		51664		126361		295168		33005		81774		157736		335770
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