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1. Introduction
H.264 INTRA prediction models are applied in the JSVM2 enhancement layer INTRA prediction and the I_BL model is added. For I_BL, the corresponding encoded macroblock information in layer k can be used to process the INTRA prediction of current macroblock in the layer k+1. By using I_BL, on some occasions, better efficiency of prediction and encoding can be achieved.
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Figure 1  H.264 luma 16(16 INTRA prediction
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Figure 2   H.264 luma 4(4 INTRA prediction
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Figure 3   H.264 chroma 8(8 INTRA prediction
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Figure 4  I_BL INTRA prediction
2. Reducing enhancement layer directional intra prediction modes

In order to know distinctly about the percentage of I_BL mode and directional prediction modes, we do the tests and Statistical calculation on the following 8 sequence separately: bus, city, foreman, mobile, harbour, crew, football, soccer. These tests are based on CE7 condition, and each sequence includes 8 different QP tests: 8, 12, 16, 20, 24, 28, 32, 36. For each QP of each sequence, we test full-size frames. Following is the Statistical results.
	
	INTRA_BL
	INTRA_16*16
	INTRA_4*4

	BUS
	
	
	

	QP=8
	33.5696
	0.3222
	66.1082

	QP=12
	45.6774
	0.4744
	53.8482

	QP=16
	50.7154
	1.0175
	48.2671

	QP=20
	55.2323
	1.1334
	43.6343

	QP=24
	58.3367
	2.2532
	39.4101

	QP=28
	63.1718
	3.3040
	33.5242

	QP=32
	68.0851
	4.9491
	26.9658

	QP=36
	71.4712
	8.7475
	19.7813

	FOOTBALL
	
	
	

	QP=8
	60.7342
	0.3366
	38.9292

	QP=12
	73.2010
	0.5114
	26.2877

	QP=16
	73.6040
	1.2974
	25.0986

	QP=20
	74.9277
	3.3757
	21.6966

	QP=24
	75.5297
	5.3276
	19.1427

	QP=28
	73.3520
	10.2581
	16.3899

	QP=32
	71.0354
	16.4087
	12.5559

	QP=36
	68.2331
	23.8791
	7.8877

	CITY
	
	
	

	QP=8
	79.5658
	0.2427
	20.1916

	QP=12
	84.4032
	0.2566
	15.3402

	QP=16
	85.8499
	0.1433
	14.0069

	QP=20
	87.1493
	0.4041
	12.4466

	QP=24
	88.6460
	1.0132
	10.3409

	QP=28
	89.5895
	2.1780
	8.2325

	QP=32
	89.2675
	4.7183
	6.0141

	QP=36
	86.4478
	8.8683
	4.6840

	CREW
	
	
	

	QP=8
	82.2806
	0.2956
	17.4239

	QP=12
	89.1660
	0.4706
	10.3634

	QP=16
	88.6372
	1.0701
	10.2928

	QP=20
	90.0538
	2.3319
	7.6143

	QP=24
	90.2621
	4.8768
	4.8611

	QP=28
	83.4776
	12.3669
	4.1555

	QP=32
	75.4250
	21.4304
	3.1445

	QP=36
	67.8375
	30.0902
	2.0723

	FOREMAN
	
	
	

	QP=8
	62.5101
	2.2932
	35.1968

	QP=12
	75.9847
	2.4262
	21.5890

	QP=16
	84.4654
	3.2782
	12.2563

	QP=20
	82.8798
	6.6565
	10.4636

	QP=24
	82.6766
	7.8934
	9.4300

	QP=28
	81.4431
	9.3159
	9.2409

	QP=32
	79.7364
	11.7792
	8.4843

	QP=36
	75.5809
	17.3703
	7.0488

	HARBOUR
	
	
	

	QP=8
	79.5036
	0.0482
	20.4483

	QP=12
	85.1534
	0.0779
	14.7687

	QP=16
	87.0878
	0.1459
	12.7663

	QP=20
	89.9043
	0.2688
	9.8270

	QP=24
	93.0413
	0.3421
	6.6166

	QP=28
	94.1184
	0.6195
	5.2622

	QP=32
	93.0768
	1.5546
	5.3686

	QP=36
	89.3747
	4.3095
	6.3158

	MOBILE
	
	
	

	QP=8
	38.6335
	3.1677
	58.1988

	QP=12
	50.9213
	3.7688
	45.3099

	QP=16
	66.5944
	2.1692
	31.2364

	QP=20
	65.6177
	3.7296
	30.6527

	QP=24
	71.4116
	3.6773
	24.9110

	QP=28
	74.8545
	4.1909
	20.9546

	QP=32
	81.1213
	2.5172
	16.3616

	QP=36
	81.0722
	4.7046
	14.2232

	SOCCER
	
	
	

	QP=8
	63.3416
	0.4681
	36.1904

	QP=12
	77.4574
	0.6158
	21.9268

	QP=16
	82.7468
	0.9167
	16.3366

	QP=20
	86.4898
	1.9620
	11.5483

	QP=24
	89.5849
	2.3604
	8.0547

	QP=28
	88.0022
	5.6653
	6.3325

	QP=32
	83.9296
	11.4266
	4.6438

	QP=36
	76.8962
	19.8249
	3.2790

	
	
	
	

	MAX
	94.1184
	30.0902
	66.1082

	MIN
	33.5696
	0.0482
	2.0723

	AVERAGE
	75.7446
	4.9046
	18.6868


   As we seen, the average percentage of I_BL mode in enhancement layer is up to 75.7% while for directional prediction modes the average percentage is 18.7%. So the contribution of the directional prediction modes is too small. On the other hand, because the directional prediction modes include 9 different directions, the complexity of calculation is too large. Therefore we propose that in enhancement layer only 3 directional prediction modes are used for INTRA prediction. Those are DC, Horizontal and Vertical. It can greatly reduce the complexity of calculation and holds on the encoding performance. 

3. Objective Compression Performance
We do the tests that only use DC, Horizontal and Vertical directional prediction modes in enhancement layer. Following is the test results and more detailed information is shown in“JVT-P041.exl”document.

	City
	
	Enhancement layer rate
	YPSN
	UPSN
	VPSN

	          QP=8
	Only3modes
	52543.0008
	53.0685
	53.6057
	53.9700

	
	Org9modes
	52865.8816
	53.1510
	53.6741      
	54.0626

	          QP=12
	Only3modes
	38044.5760         
	49.6621
	50.8310
	51.3290

	
	Org9modes
	38127.8848
	49.6849
	50.8579   
	51.3656

	          QP=16
	Only3modes
	25673.2280         
	46.2206
	48.4147
	49.2260

	
	Org9modes
	25698.648
	46.2280
	48.4294   
	49.2448

	          QP=20
	Only3modes
	15176.3904         
	42.6136
	46.6039
	47.9367

	
	Org9modes
	15180.468
	42.6160
	46.6072   
	47.9436

	          QP=24
	Only3modes
	7483.5904         
	39.3071
	44.9780
	46.7174

	
	Org9modes
	7486.144
	39.3076
	44.9844   
	46.7175

	          QP=28
	Only3modes
	3058.8944         
	36.4250
	43.3975
	45.3134

	
	Org9modes
	3057.3032
	36.4263
	43.3986   
	45.3086

	          QP=32
	Only3modes
	1204.7624        
	33.6470
	42.1734
	44.1713

	
	Org9modes
	1204.524
	33.6456
	42.1691   
	44.1735

	          QP=36
	Only3modes
	579.8944         
	31.1618
	40.7803
	42.6440

	
	Org9modes
	579.1656
	31.1624
	40.7715   
	42.6651

	Bus
	
	
	
	
	

	          QP=8
	Only3modes
	7364.4384         
	53.0302
	53.1395
	53.3673

	
	Org9modes
	7383.7312
	53.0777
	53.1560   
	53.3883

	          QP=12
	Only3modes
	5479.6192         
	49.5934
	50.2902
	50.8454

	
	Org9modes
	5485.5712
	49.6124
	50.3013   
	50.8591

	          QP=16
	Only3modes
	3938.6224         
	46.1069
	47.5754
	48.5293

	
	Org9modes
	3943.536
	46.1198
	47.5854   
	48.5412

	          QP=20
	Only3modes
	2633.3984         
	42.4901
	45.2848
	46.7665

	
	Org9modes
	2635.2688
	42.4875
	45.2768   
	46.7731

	          QP=24
	Only3modes
	1680.7200         
	39.1136
	42.9598
	44.7132

	
	Org9modes
	1682.7392
	39.1221
	42.9677   
	44.7248

	          QP=28
	Only3modes
	1043.2592         
	36.0094
	41.0231
	42.7915

	
	Org9modes
	1044.6304
	36.0165
	41.0282   
	42.8277

	          QP=32
	Only3modes
	606.6544         
	32.7720
	39.7700
	41.5065

	
	Org9modes
	608.2016
	32.7825
	39.7788   
	41.3944

	          QP=36
	Only3modes
	341.3728         
	29.8303
	38.5894
	40.0195

	
	Org9modes
	341.8784
	29.8211
	38.5695   
	39.9886

	Crew
	
	
	
	
	

	          QP=8
	Only3modes
	45661.1760         
	52.9275
	53.1801
	53.4930

	
	Org9modes
	46115.2592
	53.0592
	53.2266   
	53.5462

	          QP=12
	Only3modes
	31890.2064         
	49.8308
	50.4013
	50.9104

	
	Org9modes
	32018.3992
	49.8729
	50.4151   
	50.9252

	          QP=16
	Only3modes
	21084.5488         
	46.7113
	47.5455
	48.4214

	
	Org9modes
	21153.6832
	46.7276
	47.5543   
	48.4396

	          QP=20
	Only3modes
	12398.5032         
	43.5325
	45.1370
	46.5245

	
	Org9modes
	12422.9888
	43.5304
	45.1337   
	46.5334

	          QP=24
	Only3modes
	6490.9912        
	40.6544
	43.1272
	44.4791

	
	Org9modes
	6497.1264
	40.6584
	43.1324   
	44.4880

	          QP=28
	Only3modes
	3275.2024        
	38.4337
	41.8430
	42.6391

	
	Org9modes
	3278.5600
	38.4356
	41.8447   
	42.6482

	          QP=32
	Only3modes
	1749.7080        
	36.2378
	40.9022
	41.1939

	
	Org9modes
	1752.0448
	36.2463
	40.9001   
	41.2048

	          QP=36
	Only3modes
	989.6072         
	34.1203
	39.7576
	39.6268

	
	Org9modes
	988.3664
	34.1255
	39.7577   
	39.6378

	Foreman
	
	
	
	
	

	          QP=8
	Only3modes
	5798.4776         
	53.0269
	53.0936
	53.1723

	
	Org9modes
	5823.7016
	53.0964
	53.1108   
	53.1926

	          QP=12
	Only3modes
	3962.6224         
	49.7193
	50.2050
	50.6160

	
	Org9modes
	3966.0512
	49.7375
	50.2250   
	50.6341

	          QP=16
	Only3modes
	2539.4856         
	46.4050
	47.4549
	48.4461

	
	Org9modes
	2539.0128
	46.4115
	47.4599   
	48.4652

	          QP=20
	Only3modes
	1446.0344      
	43.0051   
	45.2025
	46.9006

	
	Org9modes
	1445.7904
	43.0149
	45.2074   
	46.9059

	          QP=24
	Only3modes
	788.3160         
	39.9958
	43.0238
	44.9762

	
	Org9modes
	788.6712
	40.0106
	43.0257   
	44.9722

	          QP=28
	Only3modes
	425.2928         
	37.2697
	41.2775
	43.0466

	
	Org9modes
	424.4744
	37.2853
	41.2618   
	43.0674

	          QP=32
	Only3modes
	224.2608         
	34.4447
	40.1918
	41.5850

	
	Org9modes
	224.7656
	34.478
	40.1437   
	41.5541

	          QP=36
	Only3modes
	125.1912         
	31.9496
	38.9335
	39.9316

	
	Org9modes
	124.7424
	31.9701
	38.9279   
	39.9766

	Football
	
	
	
	
	

	          QP=8
	Only3modes
	6890.4462        
	52.9660
	53.2045
	53.3389

	
	Org9modes
	6909.8695
	53.0194
	53.2222   
	53.3554

	          QP=12
	Only3modes
	5066.1452        
	49.7067
	50.4970
	50.7549

	
	Org9modes
	5071.7566
	49.7245
	50.5111   
	50.7677

	          QP=16
	Only3modes
	3623.4628         
	46.4824
	48.0102
	48.3685

	
	Org9modes
	3625.32
	46.496
	48.0196   
	48.3702

	          QP=20
	Only3modes
	2450.4295         
	43.1444
	45.8881
	46.5181

	
	Org9modes
	2451.4108
	43.1528
	45.8887   
	46.5296

	          QP=24
	Only3modes
	1620.0683         
	39.9983
	43.4807
	44.3841

	
	Org9modes
	1620.5529
	39.9994
	43.4916   
	44.4159

	          QP=28
	Only3modes
	1057.6172         
	37.0970
	41.1836
	42.4627

	
	Org9modes
	1058.8412
	37.0961
	41.1998   
	42.4685

	          QP=32
	Only3modes
	662.5043         
	34.1505
	39.4367
	41.0012

	
	Org9modes
	662.5108
	34.1593
	39.3991   
	41.0412

	          QP=36
	Only3modes
	402.7126         
	31.5389
	37.5783
	39.4083

	
	Org9modes
	403.5434
	31.5543
	37.6187   
	39.5375

	Harbour
	
	
	
	
	

	          QP=8
	Only3modes
	56682.4256        
	53.0032
	53.3855
	53.7627

	
	Org9modes
	56827.5376
	53.0365
	53.4116   
	53.8047

	          QP=12
	Only3modes
	42111.4168         
	49.6026
	50.6070
	51.1375

	
	Org9modes
	42151.4168
	49.6118
	50.6206   
	51.1545

	          QP=16
	Only3modes
	29666.3560         
	46.1841
	48.0565
	48.9596

	
	Org9modes
	29681.8792
	46.1886
	48.0631   
	48.9687

	          QP=20
	Only3modes
	19240.9984        
	42.6536
	46.1153
	47.6175

	
	Org9modes
	19248.2728
	42.6559
	46.1161   
	47.6222

	          QP=24
	Only3modes
	11590.7600        
	39.4813
	44.2923
	46.1872

	
	Org9modes
	11594.8048
	39.4816
	44.2909   
	46.1787

	          QP=28
	Only3modes
	6473.1328         
	36.6868
	42.7102
	44.6602

	
	Org9modes
	6473.5224
	36.6878
	42.7098   
	44.6681

	          QP=32
	Only3modes
	3246.5560        
	33.6983
	41.6020
	43.4398

	
	Org9modes
	3247.6176
	33.7015
	41.5997   
	43.4630

	          QP=36
	Only3modes
	1580.5592         
	30.8564
	40.3530
	41.9300

	
	Org9modes
	1579.3256
	30.8586
	40.3529   
	41.8617

	Mobile
	
	
	
	
	

	          QP=8
	Only3modes
	8713.8504         
	52.9722
	52.9473
	52.9862

	
	Org9modes
	8716.7568
	52.9828
	52.9507   
	52.9810

	          QP=12
	Only3modes
	6745.1928         
	49.5449
	49.6881
	49.7505

	
	Org9modes
	6746.428
	49.5496
	49.6871   
	49.7527

	          QP=16
	Only3modes
	5017.9584        
	46.0870
	46.3682
	46.4393

	
	Org9modes
	5018.3432
	46.0878
	46.3663   
	46.4398

	          QP=20
	Only3modes
	3498.1592        
	42.3587
	43.0955
	43.1419

	
	Org9modes
	3499.0376
	42.3621
	43.0992   
	43.1439

	          QP=24
	Only3modes
	2308.1640       
	38.7481
	39.9026  
	39.9281

	
	Org9modes
	2308.4208
	38.7505
	39.9063   
	39.9182

	          QP=28
	Only3modes
	1426.1072        
	35.3077
	37.0380
	36.9669

	
	Org9modes
	1426.1904
	35.3127
	37.0287   
	36.9667

	          QP=32
	Only3modes
	775.6224         
	31.6502
	35.0195
	34.8654

	
	Org9modes
	775.9672
	31.6529
	35.0308   
	34.8547

	          QP=36
	Only3modes
	378.9608      
	28.3524  
	33.0870
	32.8033

	
	Org9modes
	379.5592
	28.3546
	33.0837   
	32.7968

	Soccer
	
	
	
	
	

	          QP=8
	Only3modes
	42091.3192         
	53.1812
	54.2488
	55.3947

	
	Org9modes
	42514.5312
	53.3033
	54.4040   
	55.6028

	          QP=12
	Only3modes
	29458.3080         
	50.0668
	51.4460
	52.5302

	
	Org9modes
	29544.4792
	50.0972
	51.4859   
	52.6012

	          QP=16
	Only3modes
	19406.7792         
	46.8717
	48.8090
	50.1079

	
	Org9modes
	19438.5272
	46.8829
	48.8283   
	50.1308

	          QP=20
	Only3modes
	11310.0688         
	43.4594
	47.0833
	48.6539

	
	Org9modes
	11321.8008
	43.461
	47.0824   
	48.6630

	          QP=24
	Only3modes
	5949.9512         
	40.3389
	45.5241
	47.3243

	
	Org9modes
	5951.1096
	40.3418
	45.5324   
	47.3377

	          QP=28
	Only3modes
	3046.3392         
	37.6259
	43.9099
	45.8365

	
	Org9modes
	3049.7
	37.6294
	43.9029   
	45.8332

	          QP=32
	Only3modes
	1602.8696       
	34.9469
	42.7556
	44.7183

	
	Org9modes
	1603.6864
	34.9483
	42.7449   
	44.7362

	          QP=36
	Only3modes
	905.4512        
	32.5987
	41.3668
	43.3521

	
	Org9modes
	903.4832
	32.5957
	41.3972   
	43.3712


4. Conclusions:

We propose that in enhancement layer only the DC, Horizontal and Vertical directional prediction modes are used for INTRA prediction. It can greatly reduce the complexity of calculation and hold on the encoding performance which is proved by the test results. 
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· 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)
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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)
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	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.
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	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
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