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1. Introduction

This document presents the technical description and experimental result in response to CE7 [1], which aims to evaluate the intra coding efficiency by enabling spatial intra prediction of the enhancement layer residue for spatial scalability. The description is based on the Thomson's proposal in VCEG-X06 [5], m11241 [2] and m11682 [3].
In JSVM1.0 [4],  intra texture prediction using information from the previous layer is provided in the new I_BL macroblock mode, where the enhancement layer residue (the difference between current MB and upsampled base layer) is transformed and quantized. In this document, we propose to improve I_BL macroblock mode by enabling spatial intra prediction of the enhancement layer residue using the same method specified in subclause 8.3 of AVC.
The rationale behind this method is that for spatial scalability, the enhancement layer residue in general contains a lot of high frequency components, such as edges. Spatial intra prediction should help to keep more details. The drawback of the proposed method is that it requires coding more syntax bits, like mb_type, intra prediction modes or cbp pattern if intra16x16 is selected. The experimental results show that the proposed method can have up to 0.8 dB gain for very high bitrate as compared to JSVM1 I_BL method. For lower bitrate, the proposed method can have up to 0.3 dB loss. A slice header syntax is defined to enable the adaptive selection of the proposed method based on bitrate requirement and application. For example, in digital cinema, higher bitrate tends to be used. By enabling the proposed method, better performance can be achieved.    
2. Syntax in tabular form

In this section, only the syntax that is added or extended in comparison to AVC or JSVM 1.0 [4] for our proposal is described, which is marked in red.
2.1 syntax

2.1.1 slice header in scalable extension syntax
	slice_header_in_scalable_extension( ) {
	C
	Descriptor

	
first_mb_in_slice
	2
	ue(v)

	
slice_type
	2
	ue(v)

	
pic_parameter_set_id
	2
	ue(v)

	
frame_num
	2
	u(v)

	
if( !frame_mbs_only_flag ) {
	
	

	

field_pic_flag
	2
	u(1)

	

if( field_pic_flag )
	
	

	


bottom_field_flag
	2
	u(1)

	
}
	
	

	
if( nal_unit_type  = =  21 )
	
	

	

idr_pic_id
	2
	ue(v)

	
if( pic_order_cnt_type  = =  0 ) {
	
	

	

pic_order_cnt_lsb
	2
	u(v)

	

if( pic_order_present_flag &&  !field_pic_flag )
	
	

	


delta_pic_order_cnt_bottom
	2
	se(v)

	
}
	
	

	
if( pic_order_cnt_type = = 1 && !delta_pic_order_always_zero_flag ) {
	
	

	

delta_pic_order_cnt[ 0 ]
	2
	se(v)

	

if( pic_order_present_flag  &&  !field_pic_flag )
	
	

	


delta_pic_order_cnt[ 1 ]
	2
	se(v)

	
}
	
	

	
if( slice_type  !=  Progressive_Refinement ) {
	
	

	

if( redundant_pic_cnt_present_flag )
	
	

	


redundant_pic_cnt
	2
	ue(v)

	

if( slice_type  = =  BE )
	
	

	


direct_spatial_mv_pred_flag
	2
	u(1)

	

gop_id
	2
	u(4)

	

gop_size
	2
	ue(v)

	

decomposition_stages
	2
	ue(v)

	

picture_id_inside_gop
	2
	ue(v)

	

base_id_plus1
	2
	ue(v)

	

if( base_id_plus1  !=  0 ) {
	
	

	


adaptive_prediction_flag
	2
	u(1)

	             if (HalfSpatResBaseFlag)
	
	

	                  intra_base_residue_prediction_flag
	2
	u(1)

	        }
	
	

	

if( slice_type = = PE  | |  slice_type = = BE ) {
	
	

	


num_ref_idx_active_override_flag
	2
	u(1)

	


if( num_ref_idx_active_override_flag ) {
	
	

	



num_ref_idx_l0_active_minus1
	2
	ue(v)

	



if( slice_type  = =  B )
	
	

	




num_ref_idx_l1_active_minus1
	2
	ue(v)

	


}
	
	

	

}
	
	

	

ref_pic_list_reordering( )
	2
	

	

for( decLvl = TemporalLevel; decLvl < decomposition_stages; decLvl++ ) {
	
	

	


num_ref_idx_update_l0_active[ decLvl + 1 ]
	2
	ue(v)

	


num_ref_idx_update_l1_active[ decLvl + 1 ]
	2
	ue(v)

	

}
	
	

	

if( ( weighted_pred_flag  &&  slice_type = = PE  )  | |



( weighted_bipred_idc  = =  1  &&  slice_type  = =  BE ) )
	
	

	


pred_weight_table( )
	2
	

	

if( nal_ref_idc != 0 )
	
	

	


dec_ref_pic_marking( )
	2
	

	

if( entropy_coding_mode_flag  &&  slice_type != IE )
	
	

	


cabac_init_idc
	2
	ue(v)

	
}
	
	

	
slice_qp_delta
	2
	se(v)

	
if( deblocking_filter_control_present_flag ) {
	
	

	

disable_deblocking_filter_idc
	2
	ue(v)

	

if( disable_deblocking_filter_idc  !=  1 ) {
	
	

	


slice_alpha_c0_offset_div2
	2
	se(v)

	


slice_beta_offset_div2
	2
	se(v)

	

}
	
	

	
}
	
	

	
if( slice_type  !=  Progressive_Refinement )
	
	

	

if( num_slice_groups_minus1 > 0  &&



slice_group_map_type >= 3  &&  slice_group_map_type <= 5)
	
	

	


slice_group_change_cycle
	2
	u(v)

	}
	
	


2.1.2 Macroblock layer in scalable extension syntax
	macroblock_layer_in_scalable_extension( ) {
	C
	Descriptor

	
if( base_id_plus1  !=  0  &&  adaptive_prediction_flag ) {
	
	

	

base_mode_flag
	2
	ae(v)

	

if( ! base_mode_flag  &&  HalfSpatResBaseFlag  &&


     ! intra_base_mb( CurrMbAddr ) )
	
	

	


base_mode_refinement_flag
	2
	ae(v)

	
}
	
	

	
if( ! base_mode_flag  &&  ! base_mode_refinement_flag ) {
	
	

	

mb_type
	2
	ae(v)

	

if( (intra_base_residue_prediction_flag || mb_type  = =  I_NxN)  &&  base_id_plus1  !=  0 )
	
	

	


intra_base_flag
	2
	ae(v)

	
}
	
	

	
if( mb_type  = =  I_PCM ) {
	
	

	

while( !byte_aligned( ) )
	
	

	


pcm_alignment_zero_bit
	2
	f(1)

	

for( i = 0; i < 256; i++ )
	
	

	


pcm_sample_luma[ i ]
	2
	u(v)

	

for( i = 0; i < 2 * MbWidthC * MbHeightC; i++ )
	
	

	


pcm_sample_chroma[ i ]
	2
	u(v)

	
} else {
	
	

	

NoSubMbPartSizeLessThan8x8Flag = 1
	
	

	

if( mb_type  !=  I_NxN  &&




MbPartPredMode( mb_type, 0 )  !=  Intra_16x16  &&



NumMbPart( mb_type )  = =  4 ) {
	
	

	


sub_mb_pred_in_scalable_extension( mb_type )
	2
	

	


for( mbPartIdx = 0; mbPartIdx < 4; mbPartIdx++ )
	
	

	



if( sub_mb_type[ mbPartIdx ]  !=  B_Direct_8x8 ) {
	
	

	




if( NumSubMbPart( sub_mb_type [ mbPartIdx ] )  >  1 )
	
	

	





NoSubMbPartSizeLessThan8x8Flag = 0
	
	

	



} else if( !direct_8x8_inference_flag )
	
	

	




NoSubMbPartSizeLessThan8x8Flag = 0
	
	

	

} else {
	
	

	


if( transform_8x8_mode_flag  &&  mb_type  = =  I_NxN )
	
	

	



transform_size_8x8_flag
	2
	ae(v)

	


mb_pred_in_scalable_extension( mb_type )
	2
	

	

}
	
	

	

if( MbPartPredMode( mb_type, 0 )  !=  Intra_16x16 ) {
	
	

	


coded_block_pattern
	2
	ae(v)

	


if( CodedBlockPatternLuma > 0  &&





 transform_8x8_mode_flag  &&  mb_type  !=  I_NxN  &&





 NoSubMbPartSizeLessThan8x8Flag  &&





 !( MbPartPredMode( mb_type, 0 )  = =  B_Direct_16x16  &&






!direct_8x8_inference_flag ) )
	
	

	



transform_size_8x8_flag
	2
	ae(v)

	

}
	
	

	

if( CodedBlockPatternLuma > 0  | |  CodedBlockPatternChroma > 0  | |



MbPartPredMode( mb_type, 0 )  = =  Intra_16x16 ) {
	
	

	


mb_qp_delta
	2
	ae(v)

	


residual_in_scalable_extension( )
	3 | 4
	

	

}
	
	

	
}
	
	

	}
	
	


2.2 Semantics

A flag is added to the enhancement layer slice header to indicate that spatial intra prediction is performed on the residue.  

intra_base_residue_prediction_flag equal to 1 specifies that the in I_BL mode macroblocks, spatial intra prediction is used on the enhancement layer residual. By default, intra_base_residue_prediction_flag is set to 0.
3. Decoding process

For enhancement layer, if intra_base_residue_prediction_flag is set to 1, then for I_BL macroblock, the current macroblock and neighboring macroblock residuals from the (upsampled) reconstructed base layer are adjusted by adding 128 and clipping to (0, 255), and then used for spatial intra prediction specified in subclause 8.3 of AVC.   A subtraction of 128 and clipping to (-256, 255) is then performed.  The inter-layer intra predicted residue is then added on the (upsampled) reconstructed base layer to form the reconstructed enhancement layer macroblock. If  intra_base_residue_prediction_flag is set to 0, I_BL macroblock is decoded as in [4].
When constrained_intra_prediction_flag is set to 1, it specifies constrained intra prediction, in which case prediction of macroblocks coded using Intra macroblock prediction modes only uses residual data and decoded samples from I or SI macroblock types. 
The complexity of the proposed I_BL mode is the same as the spatial intra prediction in subclause 7.4.2.2, plus an additional additition, subtraction and clipping per pixel. The complexity is a little bit higher than JSVM1 I_BL mode. We propose that when the spatial scalability layer is more than 2, the proposed method will be only enabled for the highest layer. 
4. Simulation

The experiment is conducted to compare our proposed method with JSVM1.0. All the sequences are coded with only I-pictures at fixed QP (8, 12, 16, 20, 24, 28, 32, 36). For 3-layer coding, our proposed method is only enabled for the highest layer. The CIF/QCIF sequences we tested are Bus, Football, Foreman and Mobile, at 15fps. The 4CIF/CIF sequences we tested are City, Crew, Harbour and Soccer, at 30fps. In our experiment, intra_base_residue_prediction_flag is always set to 1.  Since the proposed method fits better for high bitrate application, we also add 2 HD clips to show the improvement at higher bitrate. The 1280x704/640x352 sequences are Harbour and Night.
Table 1 shows the bitrate and PSNR between our proposed method and JSVM1.0. The plotted RD curve is shown in Figure 1.

From Table 1 and Figure 1, we can observe that in general, for fixed QP, our proposed method has higher bitrate and PSNR than JSVM1.  For the same bitrate, according to Figure 1, up to 0.8 dB gain can be achieve at higher bitrate. But there is a little loss at lower bitrate, up to 0.3 dB. Table 2 shows ∆PSNR and ∆bitrate of QP 8,12,26,20 and 24,28,32, 36, separately. For higher bitrate, the average ∆PSNR gain is 0.32dB. For lower bitrate, the average ∆PSNR loss is 0.11dB. This is because spatial intra prediction needs more bits to code syntax, such as mb_type and intra prediction direction. When QP is high, less details on enhancement layer residue can be maintained after quantization, so the gain in PSNR does not validate the increase in the bitrate. For higher bitrate, the QP is lower, we can keep more details, so the gain in PSNR validate the increase in the bitrate. We propose that we add one more syntax element (intra_base_residue_prediction_flag) in the slice header, so spatial intra prediction on the enhancement layer residue can be enabled and disabled on a slice-by-slice basis. In this way, we can get better gain at high bitrates, while keep the same performance as JSVM1 at lower bitrate.

5. Conclusion
In this core experiment, we propose to add spatial intra prediction for enhancement layer residue. By adding intra_base_residue_prediction_flag in slice header, a slice adaptive decision can be made to enable or disable this flag. In this way, we can achieve better performance at higher bitrates, while keep the same/better performance at lower bitrates, compared to current JSVM1.
Table 1 Bitrate and PSNR comparison for fixed QP
	Sequence: BUS CIF 15Hz

	QP
	JSVM 1
	Thomson-Proposal

	
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]

	8
	53.35471
	53.28714
	53.76466
	10066.6912
	53.91603
	53.29041
	53.70068
	10038.1456

	12
	49.68526
	50.43383
	51.21938
	7967.5392
	50.16982
	50.44195
	51.18605
	7993.0416

	16
	46.08129
	47.72876
	48.76156
	6238.8112
	46.45401
	47.73545
	48.78717
	6270.1424

	20
	42.39906
	45.26112
	46.74742
	4682.9664
	42.67671
	45.17272
	46.6889
	4712.6368

	24
	38.93044
	42.74472
	44.54806
	3401.9200
	39.16726
	42.71693
	44.48636
	3429.3264

	28
	35.75944
	40.69191
	42.55931
	2409.1136
	35.84736
	40.64978
	42.4717
	2432.3040

	32
	32.59281
	39.3588
	41.01185
	1598.6272
	32.63757
	39.27065
	40.89966
	1620.8064

	36
	29.71436
	38.00347
	39.26132
	1005.2704
	29.78092
	37.88831
	39.19135
	1026.1952


	Sequence: FOREMAN CIF 15Hz

	QP
	JSVM 1
	Thomson-Proposal

	
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]

	8
	53.25519
	53.11349
	53.29791
	8072.4000
	54.01362
	53.17517
	53.33568
	8119.0512

	12
	49.74081
	50.25493
	50.81068
	6053.3640
	50.29172
	50.30259
	50.83722
	6120.2280

	16
	46.37988
	47.55743
	48.55738
	4448.8600
	46.72654
	47.62101
	48.6438
	4495.4592

	20
	43.01161
	45.17851
	46.79441
	3087.8072
	43.21269
	45.13583
	46.76322
	3126.0680

	24
	39.96416
	42.74906
	44.66224
	2063.7264
	40.15129
	42.73105
	44.65886
	2096.6712

	28
	37.27932
	40.80869
	42.62961
	1349.6472
	37.33034
	40.7715
	42.56499
	1373.7104

	32
	34.54451
	39.61067
	41.13949
	840.0272
	34.61726
	39.53395
	41.00981
	864.6448

	36
	32.04231
	38.37949
	39.46902
	508.9176
	32.15209
	38.19678
	39.18479
	528.4088


	Sequence: FOOTBALL CIF 15Hz

	QP
	JSVM 1
	Thomson-Proposal

	
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]

	8
	53.10842
	53.30441
	53.4492
	8130.2391
	53.96274
	53.35002
	53.46494
	8166.8178

	12
	49.71566
	50.61236
	50.85746
	6166.6449
	50.33238
	50.65875
	50.89125
	6216.2151

	16
	46.48554
	48.07503
	48.39642
	4602.1108
	46.90454
	48.14036
	48.466
	4637.4600

	20
	43.1649
	45.91945
	46.5054
	3289.8665
	43.41964
	45.90134
	46.46602
	3324.5898

	24
	40.00694
	43.48303
	44.30616
	2285.7102
	40.23489
	43.43175
	44.27502
	2323.1326

	28
	37.13959
	41.10608
	42.41041
	1545.2215
	37.09175
	41.03736
	42.32952
	1578.9369

	32
	34.28897
	39.17635
	40.94395
	970.2277
	34.26434
	39.04288
	40.84135
	1001.894

	36
	31.75822
	37.17083
	39.12606
	580.3726
	31.84296
	37.06421
	39.0807
	606.2908


	Sequence: MOBILE CIF 15Hz

	QP
	JSVM 1
	Thomson-Proposal

	
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]

	8
	53.30091
	52.94687
	52.98981
	13893.6248
	53.97833
	53.01082
	53.04926
	13941.3256

	12
	49.68657
	49.60001
	49.64548
	11453.6616
	50.25458
	49.64629
	49.69141
	11547.0104

	16
	46.13588
	46.27663
	46.32692
	9371.3920
	46.62284
	46.30771
	46.35735
	9474.4400

	20
	42.30808
	42.90224
	42.93386
	7414.4384
	42.76048
	42.89696
	42.93401
	7519.2128

	24
	38.59406
	39.71864
	39.68749
	5687.8320
	39.00163
	39.7181
	39.69831
	5791.2512

	28
	35.11256
	36.87402
	36.77538
	4225.5856
	35.43151
	36.85247
	36.7613
	4320.6608

	32
	31.49986
	34.818
	34.62588
	2974.8728
	31.77882
	34.79174
	34.61991
	3065.4088

	36
	28.18949
	32.71748
	32.47
	1961.7672
	28.42283
	32.67748
	32.44431
	2046.5208


	Sequence: CITY 4CIF 30Hz

	QP
	JSVM 1
	Thomson-Proposal

	
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]

	8
	53.07649
	53.90677
	54.52759
	62526.1264
	53.90447
	53.87744
	54.42891
	63067.4416

	12
	49.60854
	51.28742
	52.02018
	47726.3064
	50.20368
	51.31604
	52.02718
	48466.6480

	16
	46.2459
	48.79091
	49.6978
	35704.1720
	46.63133
	48.8478
	49.8022
	36227.7640

	20
	42.7534
	46.77975
	48.12115
	25232.3944
	42.96823
	46.7059
	48.07576
	25637.4264

	24
	39.52388
	44.59908
	46.20701
	17262.7464
	39.71167
	44.60205
	46.21311
	17586.7368

	28
	36.65444
	42.91618
	44.80124
	11519.7536
	36.63829
	42.8561
	44.71931
	11797.6392

	32
	33.75792
	41.7021
	43.7489
	9093.0216
	33.72396
	41.54038
	43.53219
	9377.8384

	36
	31.11763
	40.37209
	42.3689
	4286.1952
	31.12345
	40.15941
	42.04296
	4486.5816


	Sequence: CREW 4CIF 30Hz

	QP
	JSVM 1
	Thomson-Proposal

	
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]

	8
	53.02437
	53.21718
	53.5437
	47942.2840
	54.08701
	53.34431
	53.64965
	50333.4784

	12
	49.85232
	50.43235
	50.9492
	33838.7304
	50.47228
	50.52624
	51.0295
	35627.6288

	16
	46.72493
	47.58224
	48.47013
	23011.4184
	46.99979
	47.63602
	48.5555
	24137.4616

	20
	43.59793
	45.18825
	46.534
	14388.5896
	43.5417
	45.12493
	46.54206
	15081.6208

	24
	40.829
	43.11443
	44.28188
	8614.9944
	40.88856
	43.14101
	44.32152
	8986.4896

	28
	38.67077
	41.68555
	42.24687
	5224.9192
	38.55874
	41.68996
	42.22386
	5440.8560

	32
	36.5261
	40.6038
	40.66828
	3169.0824
	36.50795
	40.54395
	40.55843
	3333.596

	36
	34.42862
	39.28846
	38.93298
	1932.3288
	34.57298
	39.18862
	38.73926
	2052.8128


	Sequence: HARBOUR 4CIF 30Hz

	QP
	JSVM 1
	Thomson-Proposal

	
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]

	8
	52.86714
	53.49865
	54.18245
	62929.4208
	53.72038
	53.57662
	54.20245
	62597.0808

	12
	49.49748
	50.88148
	51.74082
	48193.9376
	50.0507
	50.94788
	51.78572
	47736.9536

	16
	46.15161
	48.35776
	49.40812
	35829.9616
	46.50369
	48.3998
	49.51231
	35223.2720

	20
	42.70691
	46.24565
	47.78789
	25130.2152
	42.93922
	46.14296
	47.70904
	24640.4032

	24
	39.58435
	44.01585
	45.87143
	17158.1544
	39.78113
	44.02084
	45.86984
	16929.1304

	28
	36.82467
	42.38095
	44.3112
	11573.8096
	36.82986
	42.31869
	44.2353
	11564.9880

	32
	33.93517
	41.22968
	43.08085
	7483.4464
	33.90987
	41.05588
	42.85543
	7647.5824

	36
	31.22229
	39.86657
	41.42841
	4808.2912
	31.20926
	39.6354
	41.24245
	4978.8984


	Sequence: SOCCER 4CIF 30Hz

	QP
	JSVM 1
	Thomson-Proposal

	
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]

	8
	53.16096
	54.15545
	54.95288
	48924.8744
	53.99509
	54.16607
	54.9536
	49783.5816

	12
	49.94324
	51.45877
	52.33733
	35441.1256
	50.48955
	51.51181
	52.38217
	36292.6592

	16
	46.82397
	48.90526
	49.98187
	25187.9168
	47.12204
	48.98979
	50.10581
	25767.6376

	20
	43.60018
	47.05795
	48.60557
	16954.0256
	43.66654
	47.01584
	48.57641
	17425.5600

	24
	40.55308
	45.17251
	46.9444
	11143.0040
	40.66652
	45.16186
	46.94307
	11516.2392

	28
	37.86347
	43.51317
	45.32567
	7177.6496
	37.71756
	43.42415
	45.17507
	7473.2216

	32
	35.21388
	42.18728
	43.87839
	4179.9192
	35.10728
	42.00494
	43.57256
	4397.8792

	36
	32.85631
	40.63765
	42.57629
	2290.9992
	32.91122
	40.40001
	41.95668
	2425.6408


	Sequence: HARBOUR HD 30Hz

	QP
	JSVM 1
	Thomson-Proposal

	
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]

	8
	53.3348
	54.2312
	55.1589
	120007.483
	54.0167
	54.1969
	55.0374
	120750.809

	12
	50.166
	51.64
	52.7205
	91074.9184
	50.5976
	51.6571
	52.7162
	91248.9672

	16
	46.9851
	48.9988
	50.174
	68286.1192
	47.2355
	49.118
	50.3888
	67988.8728

	20
	43.5426
	46.9167
	48.454
	48468.9584
	43.6864
	46.8505
	48.4174
	48263.4376

	24
	40.3621
	44.5262
	46.3351
	33491.6448
	40.5055
	44.5605
	46.3643
	33474.5624

	28
	37.5162
	42.6777
	44.5951
	22793.1264
	37.4572
	42.6338
	44.5474
	22976.5376

	32
	34.5625
	41.3984
	43.2788
	14858.6896
	34.494
	41.227
	43.0902
	15238.6464

	36
	31.7982
	39.9706
	41.6379
	9598.0432
	31.7648
	39.7226
	41.4077
	9929.6248


	Sequence: NIGHT HD 30Hz

	QP
	JSVM 1
	Thomson-Proposal

	
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]
	Y-PSNR [dB]
	U-PSNR [dB]
	V-PSNR [dB]
	rate [kbit/s]

	8
	53.5124
	53.7059
	54.3248
	121802.431
	54.319
	53.7704
	54.3478
	124482.106

	12
	50.31
	50.9486
	51.6744
	92029.7635
	50.8268
	51.0146
	51.7201
	94143.5228

	16
	47.0867
	48.1071
	48.9782
	68398.7197
	47.3772
	48.203
	49.1266
	69864.8515

	20
	43.7686
	45.6112
	46.7924
	48184.7906
	43.8841
	45.5741
	46.7826
	49255.9398

	24
	40.7006
	42.9801
	44.2743
	33002.7913
	40.8525
	43.0105
	44.32
	33709.5621

	28
	37.9788
	40.7076
	42.1186
	22283.6077
	37.9599
	40.6591
	42.09
	22761.4070

	32
	35.1378
	39.0489
	40.5488
	14486.6139
	35.1682
	38.9417
	40.4407
	14925.4873

	36
	32.4607
	37.2608
	38.7977
	9169.7760
	32.5631
	37.107
	38.6615
	9535.8563


Table 2 ∆PSNR and ∆bitrate
	sequence
	QP:8,12,16,20
	
	QP:24,28,32,36

	
	∆PSNR(dB)
	∆bitrate(%)
	
	∆PSNR(dB)
	∆bitrate(%)

	BUS_CIF
	0.392
	-2.50
	
	-0.005
	0.12

	FOOTBALL_CIF
	0.450
	-3.71
	
	-0.134
	2.54

	FOREMAN_CIF
	0.340
	-2.99
	
	-0.046
	0.92

	MOBILE_CIF
	0.359
	-2.04
	
	0.036
	-0.30

	CITY_4CIF
	0.310
	-2.66
	
	-0.147
	2.57

	CREW_4CIF
	0.068
	-0.38
	
	-0.205
	5.35

	HARBOUR_4CIF
	0.583
	-5.24
	
	-0.056
	0.80

	SOCCER_4CIF
	0.173
	-2.15
	
	-0.273
	6.13

	HARBOUR_HD
	0.352
	-3.21
	
	-0.143
	2.17

	NIGHT_HD
	0.148
	-1.56
	
	-0.127
	2.09

	average
	0.318
	-2.64
	
	-0.11
	2.24
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Figure 1 RD plot of PSNR and bitrate
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