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1. Introduction

This document presents the comparison of the Advanced Video Coding technique with the raster scan of macroblocks and the spiral scan of macroblocks. 

The spiral and the raster scan use the same bitstream syntax with modified semantics. Nevertheless in order to get reasonable flexibility short extension of slice header is proposed. This extension signals application of spiral scan and parameters of the scan (Appendix A).

The experiment 1A shows that when the encoded sequence is rotated by 90 , 180 , 270 before encoding, the bitstream produced may differ from the original. The values of bitrate changes due to image rotation and are similar to the values of bitrate changes due to replacement of the raster scan by the spiral scan.

The experiment 1B shows that when the SVM codec is used with raster scan and spiral scan the results are almost the same.

2. Results of experiments 1A and 1B

The aim of the experiments 1A and 1B was to check the PSNR values for JSVM coder with spiral scan and the raster scan whether they are the same. 

2.1. Sub-experiment 1a

The testing procedure proved that the coding efficiency for the spiral scan differs from that for the raster scan by the values similar to that resulted from image rotation only.

BUS

	angel []
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	
	
	QCIF15 
	
	

	0
	64,5696
	26,8197
	37,1843
	38,2474

	90
	63,9632
	26,9045
	37,1862
	37,9727

	180
	64,3376
	26,867
	37,1857
	37,9663

	270
	63,9984
	26,9043
	37,1346
	38,3761

	0 (spiral)
	64,5872
	26,8225
	37,1494
	38,2174

	
	
	CIF30 
	
	

	0
	537,0848
	30,2167
	38,4147
	39,8666

	90
	535,856
	30,2363
	38,4501
	39,8841

	180
	535,5824
	30,22
	38,3861
	39,829

	270
	533,8976
	30,2078
	38,4245
	39,8293

	0 (spiral)
	539,3808
	30,2154
	38,3523
	39,824


FOOTBALL

	angel []
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	
	
	QCIF15 
	
	

	0
	125,64
	30,7285
	34,9309
	37,3399

	90
	126,7232
	30,708
	35,0383
	37,3059

	180
	125,7152
	30,7174
	34,9426
	37,3091

	270
	126,6384
	30,7223
	35,0028
	37,369

	0 (spiral)
	127,096
	30,7299
	35,0589
	37,3472

	
	
	CIF30 
	
	

	0
	994,7872
	35,365
	39,8811
	41,3966

	90
	998,4464
	35,3521
	39,9321
	41,3324

	180
	992,616
	35,3793
	39,9084
	41,3337

	270
	997,0272
	35,3488
	39,9062
	41,3844

	0 (spiral)
	1003,448
	35,3701
	39,9024
	41,3579


FOREMAN

	angel []
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	
	
	QCIF15 
	
	

	0
	63,2256
	33,0928
	39,1214
	39,8806

	90
	63,5424
	33,0066
	38,983
	39,8584

	180
	63,3712
	33,1161
	39,1215
	39,7636

	270
	63,7248
	32,9975
	39,076
	39,7766

	0 (spiral)
	63,4576
	32,9835
	39,1001
	39,723

	
	
	CIF30 
	
	

	0
	509,6896
	37,4566
	41,2335
	43,9085

	90
	509,8896
	37,4145
	41,2622
	43,8785

	180
	509,8864
	37,4471
	41,2667
	43,8573

	270
	511,8608
	37,4054
	41,253
	43,9328

	0 (spiral)
	511,3808
	37,4135
	41,2496
	43,8608


MOBILE

	angel []
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	
	
	QCIF15 
	
	

	0
	126,6864
	27,4987
	31,9491
	31,2996

	90
	128,0544
	27,5444
	31,9452
	31,3459

	180
	126,7568
	27,4966
	31,9264
	31,2955

	270
	126,7856
	27,5052
	31,9127
	31,3316

	0 (spiral)
	128,0704
	27,5508
	31,9523
	31,3245

	
	
	CIF30 
	
	

	0
	970,8224
	30,0126
	33,6344
	33,2814

	90
	973,256
	30,0019
	33,619
	33,269

	180
	969,9552
	30,0088
	33,6284
	33,2853

	270
	973,9184
	30,0038
	33,6153
	33,2709

	0 (spiral)
	976,3296
	30,0118
	33,6417
	33,2885


CITY

	angel []
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	
	
	CIF30 
	
	

	0
	702,8717
	36,5726
	42,9638
	44,5536

	90
	700,4275
	36,5526
	42,9356
	44,5315

	180
	699,8794
	36,5612
	42,9666
	44,5169

	270
	704,4173
	36,5721
	42,9518
	44,5149

	0 (spiral)
	703,8365
	36,5697
	42,9605
	44,5134

	
	
	4CIF30 
	
	

	0
	1485,8832
	34,3211
	41,9168
	43,9185

	90
	1494,5194
	34,3446
	41,9461
	43,9392

	180
	1486,5034
	34,339
	41,9372
	43,8791

	270
	1506,6797
	34,3612
	42,0283
	43,8936

	0 (spiral)
	1485,217
	34,314
	41,9477
	43,9187


CREW

	angel []
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	
	
	CIF30 
	
	

	0
	716,736
	36,596
	40,0509
	39,0358

	90
	723,2573
	36,6115
	40,0433
	39,0573

	180
	721,1434
	36,6075
	40,0434
	39,0238

	270
	723,1891
	36,6235
	40,0355
	39,0466

	0 (spiral)
	723,4915
	36,6177
	40,0428
	39,0441

	
	4CIF30 
	
	
	

	0
	1513,0118
	36,1566
	40,5087
	40,6457

	90
	1513,4294
	36,1322
	40,5104
	40,6356

	180
	1514,832
	36,1493
	40,4836
	40,6153

	270
	1513,6435
	36,1394
	40,4814
	40,611

	0 (spiral)
	1513,0454
	36,1352
	40,5114
	40,6448


HARBOUR

	angel []
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	
	
	CIF30 
	
	

	0
	744,3744
	31,2212
	39,7155
	41,463

	90
	743,2464
	31,2227
	39,6944
	41,666

	180
	743,7667
	31,2194
	39,7747
	41,7076

	270
	743,1562
	31,2205
	39,7647
	41,4331

	0 (spiral)
	743,6774
	31,198
	39,743
	41,6679


	
	
	4CIF30 
	
	

	0
	1455,0144
	31,0645
	39,8257
	41,3161

	90
	1482,7267
	31,128
	39,8366
	41,6449

	180
	1465,2835
	31,0887
	39,8442
	41,6663

	270
	1472,2186
	31,0996
	39,8154
	41,438

	0 (spiral)
	1474,4928
	31,0952
	39,8482
	41,6419


SOCCER

	angel []
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	
	
	CIF30 
	
	

	0
	757,2806
	36,6477
	42,6412
	44,4364

	90
	756,5558
	36,6222
	42,5738
	44,4498

	180
	755,8579
	36,6259
	42,5952
	44,4525

	270
	756,7267
	36,6058
	42,532
	44,4675

	0 (spiral)
	764,1514
	36,6515
	42,6403
	44,4325

	
	4CIF30 
	
	
	

	0
	1447,0666
	35,1766
	42,1417
	43,8841

	90
	1440,599
	35,1659
	42,086
	43,7356

	180
	1450,7702
	35,1777
	42,1415
	43,6942

	270
	1448,8272
	35,1692
	42,1142
	43,8817

	0 (spiral)
	1460,1264
	35,1785
	42,2064
	43,8606


2.2. Sub-experiment 1b

The experiments proved that the compression performance for the scalable JSVM codec varies in the sense of the “PSNR-bitrate” relation for both the raster scan and the spiral scan no more then 0.5%.

BUS

	BUS
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	QCIF 15Hz reference 
	64,4608
	26,8169
	37,1661
	38,2356

	QCIF 15Hz spiral 
	64,6496
	26,7991
	37,1826
	38,201

	CIF 30Hz reference 
	515,7888
	29,6506
	38,3884
	39,803

	CIF 30Hz spiral
	517,1008
	29,6118
	38,3253
	39,7327


FOOTBALL

	FOOTBALL
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	QCIF 15Hz reference 
	125,9488
	30,6284
	34,9525
	37,3735

	QCIF 15Hz spiral 
	126,1776
	30,6418
	35,0042
	37,3969

	CIF 30Hz reference 
	1018,2592
	34,7731
	39,4367
	41,0913

	CIF 30Hz spiral
	1021,2944
	34,7538
	39,4607
	41,0787


FOREMAN

	FOREMAN
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	QCIF 15Hz reference 
	62,8896
	33,0089
	39,1
	39,8594

	QCIF 15Hz spiral 
	63,4
	33,0065
	39,1041
	39,8821

	CIF 30Hz reference 
	507,3024
	36,8457
	41,327
	43,9093

	CIF 30Hz spiral
	508,1616
	36,7894
	41,2789
	43,8771


MOBILE

	MOBILE
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	QCIF 15Hz reference 
	141,288
	28,0202
	32,4862
	31,8708

	QCIF 15Hz spiral 
	125,0048
	27,469
	31,977
	31,3267

	CIF 30Hz reference 
	1019,6352
	30,1952
	34,5628
	34,2336

	CIF 30Hz spiral
	1023,4848
	30,2711
	34,6181
	34,2959


CITY

	CITY
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	QCIF 15Hz reference 
	195,781
	38,5294
	43,3746
	44,7141

	QCIF 15Hz spiral
	174,2705
	37,9028
	43,0987
	44,3534

	CIF 30Hz reference 
	752,8723
	35,985
	42,9177
	44,6424

	CIF 30Hz spiral 
	174,2705
	37,9028
	43,0987
	44,3534

	4CIF 60Hz reference 
	3016,4947
	34,8524
	42,4374
	44,5974

	4CIF 60Hz scalable 
	3022,8019
	34,869
	42,4388
	44,6134


CREW

	CREW
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	QCIF 15Hz reference 
	207,6876
	37,604
	40,2269
	39,1538

	QCIF 15Hz spiral
	188,5943
	37,1011
	39,6415
	38,5426

	CIF 30Hz reference 
	752,9184
	36,6657
	40,7806
	39,8102

	CIF 30Hz spiral 
	751,9104
	36,6485
	40,7774
	39,7937

	4CIF 60Hz reference 
	2993,4912
	36,5961
	41,2155
	41,6845

	4CIF 60Hz scalable 
	2992,8269
	36,5902
	41,2112
	41,6825


HARBOUR

	HARBOUR
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	QCIF 15Hz reference 
	206,9162
	32,7466
	39,8953
	41,9202

	QCIF 15Hz spiral
	207,2076
	32,7439
	39,896
	41,9279

	CIF 30Hz reference 
	755,5507
	30,6125
	39,8118
	41,5422

	CIF 30Hz spiral 
	742,7712
	30,481
	39,7706
	41,5604

	4CIF 60Hz reference 
	3014,0429
	32,5305
	41,1613
	43,0797

	4CIF 60Hz scalable 
	3021,4138
	32,5131
	41,1626
	43,0643


SOCCER

	SOCCER
	bitrate [kbps]
	PSNR Y [dB]
	PSNR U [dB]
	PSNR V [dB]

	QCIF 15Hz reference 
	193,3352
	37,688
	42,3257
	43,8213

	QCIF 15Hz spiral
	194,0933
	37,6995
	42,318
	43,8227

	CIF 30Hz reference 
	754,9728
	35,8888
	42,2344
	44,0594

	CIF 30Hz spiral 
	752,5325
	35,8149
	42,1923
	44,0065

	4CIF 60Hz reference 
	2979,3965
	35,7935
	42,6255
	44,7388

	4CIF 60Hz scalable 
	2971,9891
	35,7379
	42,5923
	44,6989


2.3. Conclusions

The above results prove that application of the spiral scan implies approximately the same coding efficiency as application of the raster scan, both in non scalable AVC codecs (experiment 1A) and scalable SVM codec (experiment 1B). For all cases the bitrate differences do not exceed 0.5%.

2.4. Cross verification

The Nokia Research TX USA and ETRI have done the verification of the results provided in this document. The results of verification are in document m12011 and m12071.

3. Experiment 2

Subjective test prove that bitstream truncation has astonishingly low impact on visual quality if performed by truncation of macroblocks ordered according to the spiral scan. However, this conclusion fails for some cases, for example when faces are near picture boundaries.

Appendix A - Proposal for slice header syntax

	slice_header( ) {
	C
	Descriptor

	
first_mb_in_slice
	2
	ue(v)

	
slice_type
	2
	ue(v)

	
spiral
	2
	u(1)

	
if( spiral ) {
	
	

	

slice_length
	2
	ue(v)

	

spiral_type
	2
	u(1)

	

if( spiral_type ) {
	
	

	


shape_width
	2
	ue(v)

	


shape_high
	2
	ue(v)

	


width_max
	2
	ue(v)

	


width_high
	2
	ue(v)

	

}
	
	

	

shape_override_flag
	2
	u(1)

	

if( shape_override_flag ) {
	
	

	


shape_direction
	2
	u(1)

	


shape_length
	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  = =  5 )
	
	

	

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( redundant_pic_cnt_present_flag )
	
	

	

redundant_pic_cnt
	2
	ue(v)

	
if( slice_type  = =  B )
	
	


	

direct_spatial_mv_pred_flag
	2
	u(1)

	
if( slice_type = = P | | slice_type = = SP | | slice_type = = B ) {
	
	

	

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
	

	
if( ( weighted_pred_flag  &&  ( slice_type = = P  | |  slice_type = = SP ) )  | |


( weighted_bipred_idc  = =  1  &&  slice_type  = =  B ) )
	
	

	

pred_weight_table( )
	2
	

	
if( nal_ref_idc != 0 )
	
	

	

dec_ref_pic_marking( )
	2
	

	
if( entropy_coding_mode_flag  &&  slice_type  !=  I  &&  slice_type  !=  SI )
	
	

	

cabac_init_idc
	2
	ue(v)

	
slice_qp_delta
	2
	se(v)

	
if( slice_type  = =  SP  | |  slice_type  = =  SI ) {
	
	

	

if( slice_type  = =  SP )
	
	

	


sp_for_switch_flag
	2
	u(1)

	

slice_qs_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( num_slice_groups_minus1 > 0  &&


slice_group_map_type >= 3  &&  slice_group_map_type <= 5)
	
	

	

slice_group_change_cycle
	2
	u(v)

	}
	
	


The default value for shape_direction is 1.

The default value for shape_length is 1.

The default value for spiral_type is 0.

The default value for shape_high is 0.

The default value for shape_width is 0.

The default value for shape_length is 1.

The shape_direction 0 means that spiral will be wider in horizontal direction (if the value shape_length is different than 1, otherwise the spiral will have the shape of the square). 

The values shape_high, shape_width, width_max, high_max may be used to continue the spiral scan, but using new slice. If the value spiral_type is set to 0 the new slice begins the new spiral scan.
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