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Abstract
In the current JSVM, a 6-tap interpolation filter (1, -5, 20, 20, -5, 1)/32 is used in the up-sampling process of IntraBL mode coding both for luma and chroma components and the complexity of this interpolation is even higher than the half-pel interpolation of reference frames in AVC. Considering that the spatial correlation may be different from the temporal correlation, experiments are carried out and it is proved that the complexity can be reduced without obvious penalty by using more simple interpolation filter.

We have tested the following schemes:

1. Bilinear: Bilinear filter is used for up-sampling of both luma and chroma components.

2. 5_1: (-1, 5, 5, -1)/8 is used for up-sampling of both luma and chroma components.

3. Org_bilinear: (1, -5, 20, 20, -5, 1)/32 is used for up-sampling of luma components and bilinear filter is used for up-sampling of chroma components.

4. 5_1_bilinear: (-1, 5, 5, -1)/8 is used for up-sampling of luma components and bilinear filter is used for up-sampling of chroma components.

Experiments are conducted to compare the above schemes with the latest JSVM reference software. In the test, each sequence is coded as a spatially scalable bit-stream with the base layer resolution equal to half the enhancement layer resolution. All frames in the sequence are coded with only I-pictures at fixed QP (8, 12, 16, 20, 24, 28, 32, 36.). FRExt is disabled in the base layer and optional in the enhancement layer. The CIF/QCIF sequences we tested are Bus (75 frames), Football (130 frames), Foreman (150 frames) and Mobile (150 frames), all at 15fps. The 4CIF/CIF sequences we tested are City (300 frames), Crew (300 frames), Harbour (300 frames) and Soccer (300 frames), all at 30fps. The simulation condition and test results are given in the following tables. More results are included in the accompanying Excel file. At the end of this contribution, some subjective results are presented.

From the experimental results, we can see that the performance is: Org_bilinear > 5_1 > 5_1_bilinear > Bilinear, which is expected. For the case of Org_bilinear, the average BD-PSNR drop is within 0.04 dB, which can be neglected. Even for the case 5_1_bilinear, the BD-PSNR penalty in the low bit rates (30-40 dB) is only about 0.05 dB and on average about 0.10 dB in high bit rates (40-50 dB). When comparing to the case of Org_bilinear, the loss of the case 5_1_bilinear is even lower. What is more, when comparing anchor and Org_bilinear, 5_1 and 5_1_bilinear, similar loss in BD-PSNR is observed, which is neglectable. Since the complexity of IntraBL mode is generally higher than other intra modes and relatively more frequently used, we believe the simplification would be meaningful.
Based on the experimental results, we propose

1. Bilinear interpolation filter is used for chroma components in the up-sampling process of IntraBL coding in order to reduce complexity without loss in performance. 

2. (-1, 5, 5, -1)/8 is used for luma components in the up-sampling process of IntraBL coding process of IntraBL coding to further reduce the complexity especially in medium-quality applications.

3. (1, -5, 20, 20, -5, 1)/32 and (-1, 5, 5, -1)/8 can also be chosen according to different requirements.

Table 1 Simulation condition

	Number of Layers
	2

	GOP Size
	1

	Intra Period
	1

	Base Layer
	

	Resolution
	QCIF/CIF

	Frame Rate
	15Hz/30Hz

	AVC Compatible
	Yes

	FRExt Mode
	No

	Intra mode Usage
	On

	Adaptive QP
	Not Used

	QP
	8, 12, 16, 20, 24, 28, 32, 36

	NumFGSLayers
	0

	InterLayerPred
	0 (No)

	Enhancement Layer
	

	Resolution
	CIF/4CIF

	Frame Rate
	15Hz/30Hz

	AVC Compatible
	No

	FRExt Mode
	No/Yes

	Intra mode Usage
	On

	Adaptive QP
	Not Used

	QP
	8, 12, 16, 20, 24, 28, 32, 36

	NumFGSLayers
	0

	InterLayerPred
	2 (Adaptive)


Table 2: QP=8, 12, 16, 20. Frext disabled

	
	Bilinear
	5_1
	Org_bilinear
	5_1_bilinear

	Bus
	-0.1106
	-0.0313
	-0.0127
	-0.0477

	City
	-0.4006
	-0.0803
	-0.0030
	-0.0832

	Crew
	-0.4042
	-0.0697
	-0.0651
	-0.1295

	Football
	-0.3431
	-0.0920
	-0.0617
	-0.1403

	Foreman
	-0.1663
	-0.0414
	-0.0267
	-0.0685

	Harbour
	-0.7663
	-0.1461
	-0.0230
	-0.1643

	Mobile
	-0.1352
	-0.0465
	-0.0733
	-0.1019

	Soccer
	-0.5071
	-0.0978
	-0.0239
	-0.1189

	Average
	-0.3542
	-0.0757
	-0.0362
	-0.1068


Table 3: QP=24, 28, 32, 36. Frext disabled

	
	Bilinear
	5_1
	Org_bilinear
	5_1_bilinear

	Bus
	-0.0886
	-0.0269
	-0.0014
	-0.0271

	City
	-0.2475
	-0.0350
	-0.0005
	-0.0352

	Crew
	-0.1501
	-0.0092
	-0.0049
	-0.0177

	Football
	-0.1899
	-0.0481
	-0.0076
	-0.0586

	Foreman
	-0.1114
	-0.0238
	-0.0041
	-0.0294

	Harbour
	-0.7034
	-0.1151
	-0.0012
	-0.1163

	Mobile
	-0.1446
	-0.0456
	-0.0475
	-0.0885

	Soccer
	-0.1855
	-0.0236
	-0.0024
	-0.0268

	Average
	-0.2276
	-0.0409
	-0.0087
	-0.0500


Table 4: QP=8, 12, 16, 20. Frext enabled

	
	Bilinear
	5_1
	Org_bilinear
	5_1_bilinear

	Bus
	-0.1617
	-0.0428
	-0.0177
	-0.0612

	City
	-0.5077
	-0.1050
	-0.0029
	-0.1079

	Crew
	-0.4554
	-0.0927
	-0.0701
	-0.1530

	Football
	-0.3999
	-0.1027
	-0.0610
	-0.1519

	Foreman
	-0.1921
	-0.0487
	-0.0301
	-0.0737

	Harbour
	-0.9165
	-0.1895
	-0.0223
	-0.2093

	Mobile
	-0.1589
	-0.0495
	-0.0726
	-0.1042

	Soccer
	-0.6006
	-0.1358
	-0.0252
	-0.1561

	Average
	-0.4241
	-0.0958
	-0.0377
	-0.1272


Table 5: QP=24, 28, 32, 36. Frext enabled

	
	Bilinear
	5_1
	Org_bilinear
	5_1_bilinear

	Bus
	-0.1394
	-0.0280
	-0.0015
	-0.0341

	City
	-0.2994
	-0.0428
	-0.0005
	-0.0430

	Crew
	-0.1602
	-0.0143
	-0.0052
	-0.0232

	Football
	-0.2277
	-0.0482
	-0.0095
	-0.0592

	Foreman
	-0.1184
	-0.0218
	-0.0054
	-0.0273

	Harbour
	-0.7789
	-0.1364
	-0.0012
	-0.1377

	Mobile
	-0.1896
	-0.0471
	-0.0487
	-0.0957

	Soccer
	-0.1918
	-0.0268
	-0.0026
	-0.0302

	Average
	-0.2632
	-0.0457
	-0.0093
	-0.0563


Subjective result: Reconstructed 10th Frame of Harbour Sequence (Frext Enabled, QP=12)
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Original Sequence
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Anchor (Y 49.4159 dB U 50.9550 dB V 51.6921 dB)
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Bilinear (Y 49.4297 dB U 50.9645 dB V 51.7075 dB)
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5_1 (Y 49.4024 dB U 50.9573 dB V 51.7030 dB)
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Org_bilinear (Y 49.4166 dB U 50.9213 dB V 51.6738 dB)
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5_1_bilinear (Y 49.4016 dB U 50.9206 dB V 51.6795 dB)
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