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1. Introduction

In Geneva, the first working draft for professional extension was produced. However, there are a lot of open issues. In this contribution, the extension of intra coding to support 4:2:2 is studied. In order to improve the coding efficiency for 4:2:2 video, intra prediction for chroma and chroma DC transform should be extended. 

2. Proposal

2.1 Transform of DC value

In JVT-H037, 2x4 transform for DC value of chroma is describe. In G050r1, 2x2 Hadamard transform is applied to chroma DC matrix. However, energy compaction of 2x2 Hadamard transform is not so high. Larger transform should be applied in case of 4:2:2 and 4:4:4. The simple extension of this transform is to use 4x4 luma transform for vertical basis vector and to use 2x2 chroma DC transform for horizontal basis vector. The forward transform can be described as,
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The inverse transform can be described as 
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In order to avoid division by 
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, it can be simplified as
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The scaling factor for chroma DC should be changed from 2 to 4. Therefore, the de-quantization should be changed as follows.

If QPc is greater than or equal to 12, the scaled result shall be derived as 
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otherwise (QPc is less than 12), the scaled result shall be derived as
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In case of 4:4:4, the same transform used for luma DC matrix should be used for chroma DC matrix.
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The scaling factor is the same as luma. Therefore de-quantization can be described as follows.

If QPc is greater than or equal to 12, the scaled result shall be derived as 
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otherwise (QPc is less than 12), the scaled result shall be derived as
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2.2 Chroma Intra Prediction

2.2.1 DC prediction

In order to apply 2x4 Hadamard transform to DC matrix, the intra prediction should be extended to 8x16. The DC value for lower chroma block is needed before Hadamard transform is applied. In this section, we propose to extend the DC prediction for 4:2:2. In DC prediction, the mean value of the surrounding pixels are used for the prediction. in case of 4:2:2, the number of upper and left neighboring block pixels are 24. It means division by 24 is needed to calculate the DC value. Therefore we propose to modify the DC prediction to avoid the division by 24. There could be several method. 

1) Calculate DC value based on the 8x8 block. The DC value is calculated for each 8x8 block using its adjacent pixels.

2) Calculate DC value based on the 4x4 block. The current chroma DC prediction uses this method.

3) Then, we compare the results with the DC value divided by 24.

In section 3.2.1. the simulation results are presented. 

2.2.2 Plane predition

In order to introduce 2x4 Hadamard transform to chroma DC matrix, the intra prediction for chroma must be extended to 8x16, likewise. The plane prediction for 8x16 can be defined as follows.
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2.3 CAVLC

Since the chroma DC matrix is extended to 2x4, the CAVLC for chroma DC should be extended. The same approach defined in JVT-H037 is used in our experiments.

2.4 CABAC

It may be possible to change the binarization and modeling for CBP as it is pointed out in JVT-H037, however the same definition for 4:2:0 is used for 4:2:2 in our experiments. The same context model for DC coefficients for 4:2:0 is used for 4:2:2. 

3. Simulation

In order to verify the proposal, the results for intra coding are reported.

3.1 Test Conditions

The following test conditions are used for our experiments. The software to support 4:2:2 is implemented based on JM61e. 

Software: JM61e + 4:2:2 extensions

GOP: All intra

Entropy coding: CAVLC and CABAC

RD optimization: On

Picture structure: Field structure is used for interlaced materials and frame structure is used for progressive materials

Bitdepth: 8 bit

Chroma format: 4:2:2

Color space: YUV

Sequence: src2, src5(canoa), src6(F1), src9(rugby), src13, src15(mobile), src19(football), src22(tempete)

Number of frames: 60 frames

The proposed 2x4 DC transform and 8x16 chroma intra prediction is compared with 2x2 DC transform and 8x8 intra prediction.

3.2 Results

3.2.1 Comparison of DC prediction

Three different DC prediction for 4:2:2 chroma is compared first. 

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 DC pred with division by 24
	40
	29.50
	28.89
	9505

	
	36
	30.90
	30.39
	14132

	
	32
	33.04
	32.72
	21533

	
	28
	35.31
	35.11
	30686

	
	24
	38.51
	38.40
	42710

	
	20
	42.07
	42.01
	57308

	
	16
	45.83
	45.82
	73189

	
	12
	49.37
	49.36
	88800

	8x8 DC pred
	40
	29.51
	28.89
	9504

	
	36
	30.90
	30.39
	14130

	
	32
	33.05
	32.72
	21527

	
	28
	35.31
	35.11
	30686

	
	24
	38.51
	38.40
	42699

	
	20
	42.07
	42.01
	57296

	
	16
	45.83
	45.82
	73179

	
	12
	49.37
	49.36
	88785

	4x4 DC pred
	40
	29.51
	28.89
	9573

	
	36
	30.90
	30.39
	14199

	
	32
	33.05
	32.72
	21586

	
	28
	35.31
	35.11
	30748

	
	24
	38.51
	38.40
	42767

	
	20
	42.07
	42.01
	57382

	
	16
	45.84
	45.82
	73297

	
	12
	49.37
	49.36
	88912


Table 1: Comparison of intra chroma coding (Src2)

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 DC pred with division by 24
	40
	38.12
	39.09
	2836

	
	36
	38.95
	39.93
	4271

	
	32
	40.15
	41.04
	6486

	
	28
	41.38
	42.17
	9554

	
	24
	43,13
	43.66
	13866

	
	20
	45.21
	45.51
	20117

	
	16
	47.68
	47.77
	29243

	
	12
	50.40
	50.38
	40912

	8x8 DC pred
	40
	38.06
	39.02
	2835

	
	36
	38.92
	39.90
	4271

	
	32
	40.14
	41.04
	6476

	
	28
	41.38
	42.17
	9540

	
	24
	43,13
	43.66
	13838

	
	20
	45.21
	45.51
	20083

	
	16
	47.68
	47.77
	29196

	
	12
	50.40
	50.38
	40858

	4x4 DC pred
	40
	37.97
	38.91
	2845

	
	36
	38.85
	39.81
	4284

	
	32
	40.12
	41.01
	6496

	
	28
	41.36
	42.14
	9572

	
	24
	43.12
	43.64
	13898

	
	20
	45.21
	45.52
	20160

	
	16
	47.68
	47.77
	29286

	
	12
	50.40
	50.38
	40948


Table 2: Comparison of intra chroma coding (Src5)

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 DC pred with division by 24
	40
	36.70
	38.09
	3080

	
	36
	37.92
	39.37
	4459

	
	32
	39.69
	41.01
	6606

	
	28
	41.39
	42.70
	9473

	
	24
	43.56
	44.68
	13454

	
	20
	45.88
	46.68
	18928

	
	16
	48.13
	48.53
	26643

	
	12
	50.43
	50.59
	37497

	8x8 DC pred
	40
	36.64
	38.01
	3085

	
	36
	37.88
	39.33
	4458

	
	32
	39.67
	40.99
	6604

	
	28
	41.37
	42.67
	9470

	
	24
	43.57
	44.65
	13463

	
	20
	45.88
	46.67
	18924

	
	16
	48.14
	48.53
	26635

	
	12
	50.43
	50.59
	37476

	4x4 DC pred
	40
	36.56
	37.91
	3114

	
	36
	37.81
	39.25
	4485

	
	32
	39.60
	40.90
	6643

	
	28
	41.32
	42.61
	9513

	
	24
	43.51
	44.59
	13526

	
	20
	45.86
	46.64
	19029

	
	16
	48.12
	48.51
	26778

	
	12
	50.42
	50.59
	37654


Table 3: Comparison of intra chroma coding (Src6)

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 DC pred with division by 24
	40
	36.07
	37.68
	3382

	
	36
	36.94
	38.59
	5354

	
	32
	38.28
	39.85
	8532

	
	28
	39.63
	41.15
	12932

	
	24
	41.58
	42.81
	18917

	
	20
	43.95
	44.71
	27195

	
	16
	46.83
	47.12
	38503

	
	12
	49.89
	50.06
	51598

	8x8 DC pred
	40
	36.05
	37.63
	3394

	
	36
	36.94
	38.57
	5361

	
	32
	38.29
	39.86
	8533

	
	28
	39.63
	41.15
	12934

	
	24
	41.58
	42.81
	18912

	
	20
	43.95
	44.72
	27184

	
	16
	46.82
	47.12
	38489

	
	12
	49.89
	50.06
	51575

	4x4 DC pred
	40
	35.98
	37.54
	3421

	
	36
	36.90
	38.50
	5394

	
	32
	38.27
	39.82
	8578

	
	28
	39.62
	41.12
	12999

	
	24
	41.58
	42.80
	19009

	
	20
	43.96
	44.72
	27294

	
	16
	46.82
	47.12
	38617

	
	12
	49.88
	50.06
	51704


Table 4: Comparison of intra chroma coding (Src9)

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 DC pred with division by 24
	40
	32.93
	34.69
	4530

	
	36
	33.95
	35.82
	6595

	
	32
	35.48
	37.45
	9962

	
	28
	37.04
	39.06
	14499

	
	24
	39.35
	41.21
	21321

	
	20
	42.27
	43.53
	31681

	
	16
	45.87
	46.27
	45711

	
	12
	49.42
	49.53
	60984

	8x8 DC pred
	40
	32.94
	34.67
	4536

	
	36
	33.95
	35.82
	6596

	
	32
	35.48
	37.45
	9958

	
	28
	37.04
	39.06
	14493

	
	24
	39.35
	41.21
	21313

	
	20
	42.27
	43.53
	31664

	
	16
	45.87
	46.27
	45692

	
	12
	49.42
	49.53
	60963

	4x4 DC pred
	40
	32.93
	34.64
	4587

	
	36
	33.96
	35.80
	6656

	
	32
	35.49
	37.45
	10023

	
	28
	37.04
	39.06
	14563

	
	24
	39.35
	41.21
	21393

	
	20
	42.27
	43.53
	31756

	
	16
	45.87
	46.27
	45796

	
	12
	49.42
	49.53
	61082


Table 5: Comparison of intra chroma coding (Src13)

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 DC pred with division by 24
	40
	32.05
	32.20
	9864

	
	36
	33.15
	33.38
	14300

	
	32
	34.93
	35.22
	20597

	
	28
	36.86
	37.16
	28186

	
	24
	39.75
	39.99
	37937

	
	20
	43.06
	43.26
	50292

	
	16
	46.51
	46.72
	64556

	
	12
	49.73
	49.89
	79525

	8x8 DC pred
	40
	32.05
	32.20
	9838

	
	36
	33.15
	33.37
	14274

	
	32
	34.93
	35.22
	20567

	
	28
	36.86
	37.16
	28154

	
	24
	39.75
	39.99
	37894

	
	20
	43.06
	43.26
	50240

	
	16
	46.51
	46.72
	64500

	
	12
	49.73
	49.89
	79464

	4x4 DC pred
	40
	32.04
	32.18
	9882

	
	36
	33.14
	33.37
	14325

	
	32
	34.92
	35.22
	20632

	
	28
	36.86
	37.15
	28233

	
	24
	39.75
	39.99
	37980

	
	20
	43.06
	43.27
	50331

	
	16
	46.51
	46.72
	64592

	
	12
	49.73
	49.89
	79568


Table 6: Comparison of intra chroma coding (Src15)

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 DC pred with division by 24
	40
	35.80
	36.98
	2829

	
	36
	36.79
	37.78
	4368

	
	32
	38.14
	39.10
	6976

	
	28
	39.51
	40.43
	10596

	
	24
	41.26
	42.22
	15855

	
	20
	43.35
	44.37
	24219

	
	16
	46.20
	46.88
	36742

	
	12
	49.54
	49.77
	51057

	8x8 DC pred
	40
	35.79
	36.95
	2843

	
	36
	36.78
	37.77
	4381

	
	32
	38.14
	39.10
	6980

	
	28
	39.51
	40.43
	10590

	
	24
	41.26
	42.21
	15847

	
	20
	43.35
	44.37
	24206

	
	16
	46.20
	46.88
	36727

	
	12
	49.54
	49.78
	51033

	4x4 DC pred
	40
	35.75
	36.88
	2877

	
	36
	36.75
	37.72
	4429

	
	32
	38.13
	39.08
	7032

	
	28
	39.50
	40.42
	10642

	
	24
	41.25
	42.21
	15910

	
	20
	43.35
	44.37
	24275

	
	16
	46.20
	46.87
	36802

	
	12
	49.54
	49.77
	51116


Table 7: Comparison of intra chroma coding (Src19)

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 DC pred with division by 24
	40
	32.69
	34.43
	5506

	
	36
	33.61
	35.04
	8424

	
	32
	35.25
	36.15
	13024

	
	28
	37.04
	37.56
	19236

	
	24
	39.66
	39.82
	27984

	
	20
	42.65
	42.58
	40232

	
	16
	46.03
	45.95
	55326

	
	12
	49.49
	49.45
	70401

	8x8 DC pred
	40
	32.69
	34.41
	5489

	
	36
	33.61
	35.03
	8406

	
	32
	35.25
	36.15
	12998

	
	28
	37.04
	37.56
	19204

	
	24
	39.66
	39.82
	27938

	
	20
	42.65
	42.58
	40170

	
	16
	46.03
	45.95
	55254

	
	12
	49.49
	49.45
	70319

	4x4 DC pred
	40
	32.67
	34.36
	5528

	
	36
	33.60
	35.00
	8463

	
	32
	35.25
	36.14
	13083

	
	28
	37.04
	37.55
	19306

	
	24
	39.66
	39.82
	28053

	
	20
	42.65
	42.58
	40281

	
	16
	46.03
	45.95
	55363

	
	12
	49.48
	49.45
	70319


Table 8: Comparison of intra chroma coding (Src22)

3.2.2 Comparison of Intra Prediction Block Size

The block size for the intra prediction and the size of DC transform is compared in this experiment.

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 with 2x4 Hadamard
	40
	29.49
	28.88
	9404

	
	36
	30.88
	30.39
	14018

	
	32
	33.04
	32.72
	21389

	
	28
	35.31
	35.11
	30523

	
	24
	38.51
	38.40
	42499

	
	20
	42.07
	42.02
	57066

	
	16
	45.85
	45.83
	72955

	
	12
	49.39
	49.38
	88520

	8x8 with 2x2 Hadamard
	40
	29.06
	28.56
	8897

	
	36
	30.56
	30.13
	13540

	
	32
	32.82
	32.52
	20923

	
	28
	35.13
	34.94
	30050

	
	24
	38.36
	38.26
	41964

	
	20
	41.93
	41.88
	56448

	
	16
	45.73
	45.72
	72297

	
	12
	49.31
	49.30
	87783


Table 9: Comparison of intra chroma coding (Src2)

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 with 2x4 Hadamard
	40
	38.08
	39.07
	2751

	
	36
	38.91
	39.91
	4176

	
	32
	40.10
	41.06
	6353

	
	28
	41.39
	42.19
	9384

	
	24
	43.13
	43.67
	13638

	
	20
	45.22
	45.52
	19819

	
	16
	47.70
	47.79
	28909

	
	12
	50.44
	50.42
	40563

	8x8 with 2x2 Hadamard
	40
	37.21
	38.09
	2622

	
	36
	38.19
	39.07
	4015

	
	32
	39.51
	40.44
	6123

	
	28
	40.89
	41.65
	9085

	
	24
	42.71
	43.26
	13220

	
	20
	44.87
	45.16
	19289

	
	16
	47.41
	47.46
	28411

	
	12
	50.29
	50.28
	40175


Table 10: Comparison of intra chroma coding (Src5)

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 with 2x4 Hadamard
	40
	36.64
	38.08
	2904

	
	36
	37.86
	39.31
	4241

	
	32
	39.70
	41.03
	6314

	
	28
	41.37
	42.71
	9120

	
	24
	43.58
	44.69
	13010

	
	20
	45.90
	46.68
	18364

	
	16
	48.15
	48.55
	25987

	
	12
	50.45
	50.61
	36814

	8x8 with 2x2 Hadamard
	40
	35.91
	37.25
	2743

	
	36
	37.21
	38.53
	4057

	
	32
	39.15
	40.39
	6086

	
	28
	40.94
	42.18
	8851

	
	24
	43.29
	44.38
	12649

	
	20
	45.71
	46.49
	17944

	
	16
	47.90
	48.25
	25491

	
	12
	50.27
	50.42
	36089


Table 11: Comparison of intra chroma coding (Src6)

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 with 2x4 Hadamard
	40
	36.10
	37.68
	3281

	
	36
	36.92
	38.59
	5212

	
	32
	38.26
	39.88
	8331

	
	28
	39.60
	41.15
	12678

	
	24
	41.56
	42.80
	18591

	
	20
	43.96
	44.71
	26838

	
	16
	46.84
	47.13
	38173

	
	12
	49.92
	50.09
	51250

	8x8 with 2x2 Hadamard
	40
	35.39
	36.79
	3088

	
	36
	36.29
	37.83
	4977

	
	32
	37.72
	39.27
	8012

	
	28
	39.16
	40.66
	12290

	
	24
	41.19
	42.46
	18055

	
	20
	43.69
	44.42
	26248

	
	16
	46.66
	46.88
	37630

	
	12
	49.81
	49.97
	50820


Table 12: Comparison of intra chroma coding (Src9)

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 with 2x4 Hadamard
	40
	32.92
	34.66
	4406

	
	36
	33.95
	35.81
	6458

	
	32
	35.48
	37.46
	9795

	
	28
	37.04
	39.06
	14301

	
	24
	39.36
	41.22
	21098

	
	20
	42.28
	43.53
	31454

	
	16
	45.89
	46.28
	45491

	
	12
	49.45
	49.56
	60768

	8x8 with 2x2 Hadamard
	40
	32.21
	33.84
	3997

	
	36
	33.35
	35.08
	6003

	
	32
	35.07
	36.89
	9282

	
	28
	36.76
	38.63
	13765

	
	24
	39.16
	40.92
	20483

	
	20
	42.11
	43.33
	30753

	
	16
	45.78
	46.09
	44799

	
	12
	49.37
	46.46
	60097


Table 13: Comparison of intra chroma coding (Src13)

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 with 2x4 Hadamard
	40
	32.03
	32.19
	9679

	
	36
	33.14
	33.37
	14087

	
	32
	34.92
	35.22
	20355

	
	28
	36.86
	37.15
	27921

	
	24
	39.76
	40.00
	37639

	
	20
	43.07
	43.27
	49952

	
	16
	46.53
	46.73
	64157

	
	12
	49.76
	49.92
	79095

	8x8 with 2x2 Hadamard
	40
	31.51
	31.65
	9243

	
	36
	32.68
	32.92
	13613

	
	32
	34.56
	34.86
	19832

	
	28
	36.58
	36.87
	27386

	
	24
	39.55
	39.78
	37074

	
	20
	42.89
	43.09
	49360

	
	16
	46.36
	46.55
	63521

	
	12
	49.65
	49.81
	78371


Table 14: Comparison of intra chroma coding (Src15)

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 with 2x4 Hadamard
	40
	35.78
	36.97
	2751

	
	36
	36.78
	37.78
	4265

	
	32
	38.13
	39.12
	6817

	
	28
	39.50
	40.42
	10386

	
	24
	41.26
	42.22
	15620

	
	20
	43.36
	44.38
	23974

	
	16
	46.21
	46.90
	36506

	
	12
	49.58
	49.81
	50772

	8x8 with 2x2 Hadamard
	40
	35.02
	36.18
	2501

	
	36
	36.09
	37.08
	3968

	
	32
	37.60
	38.53
	6442

	
	28
	39.09
	39.93
	9947

	
	24
	40.95
	41.82
	15072

	
	20
	43.12
	44.09
	23350

	
	16
	46.06
	46.69
	35976

	
	12
	49.49
	49.70
	50268


Table 15: Comparison of intra chroma coding (Src19)

	DC prediction
	QP
	SNR Cb (db)
	SNR Cr (db)
	Bitrate (kbps)

	8x16 with 2x4 Hadamard
	40
	32.67
	34.40
	5330

	
	36
	33.60
	35.01
	8214

	
	32
	35.23
	36.13
	12755

	
	28
	37.03
	37.55
	18924

	
	24
	39.65
	39.82
	27619

	
	20
	42.65
	42.58
	39789

	
	16
	46.04
	45.96
	54817

	
	12
	49.50
	49.47
	69824

	8x8 with 2x2 Hadamard
	40
	32.13
	33.95
	5029

	
	36
	33.07
	34.58
	7832

	
	32
	34.77
	35.71
	12252

	
	28
	36.69
	37.16
	18386

	
	24
	39.44
	39.55
	27099

	
	20
	42.49
	42.40
	39258

	
	16
	45.91
	45.83
	54362

	
	12
	49.42
	49.39
	69375


Table 16: Comparison of intra chroma coding (Src22)

This table should be filled by the meeting

	Sequence
	BD SNT (db)
	BD Bitrate (%)

	Mobile
	+0.xx
	-0.xx

	Tempete
	+0.xx
	-0.xx

	Flower
	+0.xx
	-0.xx


Table 17: BD SNR and BD Bitrate (Proposal/2x2 DC)

4. Conclusions

The simulation results show the advantage of the proposed extension for chroma intra coding for 4:2:2. It should be included in the standard. The extension for 4:4:4 and other bitdepth should be studied. The extension for inter coding should be also verified by the next JVT meeting.

Annex A.

The definition of DC prediction is specified in this annex.

1) Calculate DC value based on the 8x8 block. The DC value is calculated for each 8x8 block using its adjacent pixels.

In order to avoid the division by 24, the following method is introduced.

When x=0..7, y=0..7, the prediction predc[x, y] can be derived as follows.

If both p[x,-1], and p[-1,y] x=0..7,y=0..7 are not available, 
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　　　　(x=0..7, y=0..7)

If the left pixels p[x,-1] are not avairlable, and upper pixels p[-1,y] are not available　(x,y=0..7)
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If the left pixels p[x,-1] are not avairlable, and the upper pixels p[-1,y] are available, (x,y=0..7)
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If the left pixels p[x,-1] are not avairlable, and the upper pixels p[-1,y] are not avalable, (x,y=0..7)
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In the similar wa, when x=0..7, y=8..15, the prediction predc[x, y] can be derived as follows.

If the upper pixels p[-1,y] (y=8..15) are available, 
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　　　　(x=0..7, y=8..15)

If the upper pixels p[-1,y] (y=8..15) are not available, and the left pixels p[x,-1] (x=0..7) are available, 　
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　　　　(x=0..7, y=8..15)

If the left pixels p[x,-1] (x=0..7) are not available, and the upper pixels  p[-1,y] (y=8..15) are not available, 
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2) Calculate DC value based on the 4x4 block. The current chroma DC prediction uses this method.

This method can be described as follows.

When x=0..3, y=0..3, the prediction predc[x, y] can be derived using the left adjacent pixels p[x,-1] and the upper adjacent pixels p[-1,y], as follows.

If both p[x,-1], and p[-1,y] x,y=0..3 are avalable, 
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　　　　(x, y=0..3)

If the left pixels p[x,-1] are available and the upper pixels p[-1,y] are not available(x,y=0..3)
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　　　　(x, y=0..3)

If left pixels p[x,-1] are not available and the upper p[-1,y] are available (x,y=0..3)
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　　　　(x, y=0..3)

If the left pixels p[x,-1] are not available, and the upper pixels p[-1,y] are not available (x,y=0..3)
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By using the similar way, when x=4..7, y=0..3 , the prediction predc[x, y] is derived aqs follows. 

If the left pixels p[x,-1] (x=4..7) are available, 


[image: image23.wmf]2

2

]

1

,

'

[

]

,

[

7

4

'

>>

÷

÷

ø

ö

ç

ç

è

æ

+

-

=

å

=

x

c

x

p

y

x

pred

　　　　(x=4..7, y=0..3)

If the left pixels p[x,-1] (x=4..7) are not available, and the upper pixels p[-1,y] (y=0..3) is available　
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　　　　(x=4..7, y=0..3)

If the left pixels p[x,-1] (x=4..7) are not available and the upper pixels p[-1,y] (y=0..3) are not available , 


[image: image25.wmf]128

=

c

pred

　　　　(x=4..7, y=0..3)

By using the similar way, when x=0..3, y=4..7, the prediction predc[x, y] is derived as follows.

If the upper pixels p[-1,y] (y=4..7) are available, 
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　　　　(x=0..3, y=4..7)

If the upper pixels p[-1,y] (y=4..7) are not avaiulable and the left pixels p[x,-1] (x=0..3) are available, 　
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　　　　(x=0..3, y=4..7)

If the left pixels p[x,-1] (x=0..3) are not available, and the upper pixels p[-1,y] (y=4..7) are not available, 
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By using the similar way, when x=4..7, y=4..7, the prediction predc[x, y] can be derived as follows. 

If both p[x,-1], and p[-1,y] x,y=4..7 are available, 
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　　　　(x, y=4..7)

If the left pixels p[x,-1] are available and the upper pixels p[-1,y] are not available (x,y=4..7)
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　　　　(x, y=4..7)

If the left pixels p[x,-1] are not available and the upper pixels p[-1,y] are available (x,y=4..7)
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　　　　(x, y=4..7)

If the left pixels p[x,-1] are not available and the upper pixels p[-1,y] are not available (x,y=4..7)
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By using the similar way, when x=0..3, y=8..11, the prediction predc[x, y] can be derived as follows.

If the upper pixels p[-1,y] (y=8..11) are available, 
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　　　　(x=0..3, y=8..11)

If the upper pixels p[-1,y] (y=8..11) are not available and the left pixels p[x,-1] (x=0..3) are availoable, 　
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　　　　(x=0..3, y=8..11)

If left pixels p[x,-1] (x=0..3) are not available and the upper pixels p[-1,y] (y=8..11) are not available, 
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By using the same way, when x=4..7, y=8..11, the prediction predc[x, y] can be derived as follows. 

If both p[x,-1], and p[-1,y] x=4..7,y=8..11 are available, 
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　　　　(x=4..7, y=8..11)

If left pixels p[x,-1] are available and the upper pixels p[-1,y] are not available, (x=4..7,y=8..11)
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　　　　(x=4..7, y=8..11)

If the left pixels p[x,-1] are available and the upper pixels p[-1,y] are available(x=4..7,y=8..11)
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　　　　(x=4..7, y=8..11)

If the left pixels p[x,-1] are not available and the upper pixels p[-1,y] are not avaioleble, (x=4..7,y=8..11)
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By using the similar way, when x=0..3, y=12..15 the prediction predc[x, y] can be derived as follows. 

If the upper pixels p[-1,y] (y=12..15) are available,
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　　　　(x=0..3, y=12..15)

If the upper pixels p[-1,y] (y=12..15) are not available and the left pixels p[x,-1] (x=0..3) are available, 
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　　　　(x=0..3, y=12..15)

If the left pixels p[x,-1] (x=0..3) are not available and the upper pixels p[-1,y] (y=12..15) are not availeble, 
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By using the similar way, when x=4..7, y=12..15, the prediction predc[x, y] can be derived as follows. 

If both p[x,-1], and p[-1,y] x=4..7,y=12..15 are available, 
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　　　　(x=4..7, y=12..15)

If the left pixels p[x,-1] are available and the upper pixels p[-1,y] are not available, (x=4..7,y=12..15)
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3) Then, we compare the results with the DC value divided by 24.

5. Annex B. The Simulation Results
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