	Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T VCEG

(ISO/IEC JTC1/SC29/WG11 and ITU-T SG16 Q.6)

15th Meeting: Busan, Korea 16-22 Apr., 2005
	Document: JVT-O039
Filename: JVT-O039.doc


	Title:
	Report on Core experiment 10 : Non Dyadic Spatial Scalability

	Status:
	Input Document to JVT 

	Purpose:
	Report

	Author(s) or
Contact(s):
	E. Francois, J. Viéron, G. Marquant, N. Burdin, P. Lopez
THOMSON R&D France, Video Compression Lab, Corporate Research Rennes, 1, Avenue Belle Fontaine – CS17617, 35 576 Cesson Sevigne Cedex – France
	
Tel:
Email:
	+33 2 99 27 32 62

edouard.francois@thomson.net

	Source:
	Thomson


_____________________________
1 Introduction

This document reports the results of CE10 related to Non Dyadic Spatial Scalability, that is, corresponding to size ratio between high layer and its lower layer non equal to 2. It addresses the  Extended Spatial Scalability functionality of SVC requirements, [N6880].
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2 CE10 description

As described in [N6898], 3 size ratios between low and high resolution layers are considered : 
· low layer picture size / high layer picture size = 3/4, 
· low layer picture size / high layer picture size = 2/3, 
· low layer picture size / high layer picture size = 3/5.

2.1 Compared solutions
For each of these ratios, 3 different solutions are compared:
· Anchor solution : dyadic scalable coding , such as defined in [JSVM1.0], with upsampling of the low dyadic layer to get the right low-layer dimensions (for instance, if the real ratio is 3/4, a 3/2-upsampling is applied to the low dyadic layer, so the upsampled low-layer dimensions are 1/2*3/2=3/4 of the high-layer dimensions).

Figure 1: Extended Spatial Sclaability using Dyadic Spatial Scalability

· Proposal1 : scalable coding with a 2/3 size-ratio between low- and high-layers , and up or downsampling of the low 2/3-layer to get the right low-layer dimensions (for instance, if the real ratio is 3/4, a 9/8  upsampling is applied to the low 2/3-layer, so the upsampled low-layer dimensions are 2/3*9/8=3/4 of the high-layer dimensions). Proposal 1 is fully described in document JVT-MO042.

Figure 2: Extended Spatial Scalability using Spatial Scalability with ratio H/L of 2/3

· Proposal2 : generic scalable coding ; any value can be considered as high-low size-ratio, and low- and high-layers are directly encoded with their real dimensions. Proposal 2 is fully described in document JVT-MO041.

Figure 3: Generic Extended Spatial Scalability
2.2 Low layer pictures resampling
Low layer resampling is achieved using the Lanczos filter, defined as follows. For each sample of the high layer, its position in the base layer is first computed as (x,y). The phase is then computed as px=x-floor(x) and py=y-floor(y). Then the sample value is computed using the lanczos3 filter, defined as follows, [KT90]:
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3 Test conditions definition

The test sequences dimensions proposed in [N6898] are not practically usable because the low-layers dimensions are not multiple of 16. Consequently it has been necessary to define new test sequences dimensions, and related bit-rates conditions. 

The new test sequences dimensions have been chosen, for a given ratio between high and low resolution layers, in order to be multiple of 16. This leads to the following dimensions :

	RATIO
	HIGH layer dimensions
	LOW layer dimensions

	3 / 4
	704  *  576  @ 30Hz
	528  *  432  @ 30Hz

	2 / 3
	672  *  576  @ 30Hz
	448  *  384  @ 30Hz

	3 / 5
	640  *  560  @ 30Hz
	384  *  336  @ 30Hz


As the high- and low-layers dimensions are different from those of the Munich test sequences (MPEG meeting march 04), the related bitrates have to be adjusted. For CITY sequence, the target bitrate at 4CIF@30Hz was 1024 kbps, and for CIF@30Hz, that corresponds to 1/4 of the 4CIF dimensions, the maximum target bitrate was 512 kbps. The bitrate for any other size ratio to 4CIF format can then be computed by interpolating between these two points, as illustrated in Figure 1, in which Munich CITY test points are highlighted in red. The same policy can be applied to CREW, SOCCER and HARBOUR sequences (the interpolation curve is provided in Figure 5).
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Figure 4: bitrate – size ratio curve for CITY sequence
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Figure 5 : bitrate – size ratio curve for CREW, SOCCER, HARBOUR sequences

Consequently, the new test conditions are the following:

	Ratio
Low/High
3/4
	bitrates
	Low - 528*432
	High - 704*576

	
	City
	810 kbps
	1024 kbps

	
	Crew, Harbour, Soccer
	1190 kbps
	1500 kbps

	Ratio
Low/High
2/3
	bitrates
	Low - 448*384
	High - 672*576

	
	City
	720 kbps
	1000 kbps

	
	Crew, Harbour, Soccer
	1050 kbps
	1470 kbps

	Ratio
Low/High
3/5
	bitrates
	Low - 384*336
	High - 640*560

	
	City
	610 kbps
	980 kbps

	
	Crew, Harbour, Soccer
	890 kbps
	1430 kbps


The generation of the low layer sequences has been performed by downsampling the high-layer sequences using the following separable linear polyphase filtering:

	Ratio
	Tap n°
	Filter taps
	Divisor

	3 / 4
	1

2

3
	-33,97,384,97,-33

-15,3,333,222,-35,4

4,-35,222,333,3,-15
	512

512

512

	2 / 3
	1

2
	6,-2,-27,77,168,77,-27,-2,6

8,-20,2,138,138,2,-20,8
	256

256

	3 / 5
	1

2

3
	-24,-9,88,146,88,-9,-24

-28,17,118,137,53,-26,-15

-15,-26,53,137,118,17,-28
	256

256

256


The new test sequences are available on the ftp site ftp.tnt.uni-hannover.de, in sub-directory 72_Busan\CE10.

4 Results

4.1 Ratio Low / High layer of ¾
4.1.1 Processed simulations

For the dyadic case, an upsampling with a ratio of 3/2 must be applied on the low layer to get the right picture dimensions.

For the ESS_3_2 cases, the low layer must be first cropped to get low layer dimensions multiple of 16. Then the low layer must be upsampled, with a ratio of 9/8 f. The upsampled low layer is smaller than the actual low layer, and thus must be compared to a cropped version of the low layer.

	Simu Type
	decoded high layer size
	decoded low layer size
	decoded Low layer resampling

	Dyadic
	704*576
	352*288
	528*432 - 3/2

	ESS with Ratio 3/2
	704*576
	464*384 (crop)
	522*432 - 9/8 (crop)

	Generic ESS
	704*576
	528*432
	no


Table 1 : processed simulations for ratio 3/4
4.1.2 Results

	CITY
	low layer
	810
	kbps
	 
	 
	high layer
	1024
	kbps
	 
	 

	 
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate

	dyadic
	804,83
	29,83
	43,31
	45,39
	-0,64%
	1010,48
	32,24
	42,76
	45,34
	-1,32%

	ratio 3/2
	822,71
	34,89
	43,24
	45,16
	1,57%
	1020,97
	33,69
	42,91
	45,24
	-0,30%

	generic
	827,38
	35,84
	43,94
	45,91
	2,15%
	1034,01
	33,96
	42,92
	45,21
	0,98%

	Generic lower base
	681,44
	35,236
	43,411
	45,442
	
	1004,5552
	34,19
	42,924
	45,113
	-1,90%


	CREW
	low layer
	1190
	kbps
	 
	 
	high layer
	1500
	kbps
	 
	 

	 
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate

	dyadic
	1211,20
	35,23
	40,78
	40,03
	1,78%
	1490,08
	34,97
	40,41
	40,43
	-0,66%

	ratio 3/2
	1176,53
	36,22
	40,75
	40,05
	-1,13%
	1511,90
	35,35
	40,62
	40,75
	0,79%

	generic
	1201,04
	36,27
	41,00
	40,77
	0,93%
	1509,83
	34,99
	40,42
	40,45
	0,66%

	Generic lower base
	1010,60
	35,672
	40,695
	40,313
	
	1507,86
	35,26
	40,55
	40,65
	0,52%


	HARBOUR
	low layer
	1190
	kbps
	 
	 
	high layer
	1500
	kbps
	 
	 

	 
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate

	dyadic
	1212,24
	29,75
	41,28
	43,74
	1,87%
	1519,73
	30,93
	41,88
	44,09
	1,32%

	ratio 3/2
	1174,42
	31,97
	40,90
	43,41
	-1,31%
	1500,57
	31,41
	41,78
	43,76
	0,04%

	generic
	1183,14
	31,99
	41,90
	43,76
	-0,58%
	1517,93
	31,22
	41,76
	43,75
	1,20%

	Generic lower base
	965,04
	31,34
	41,53
	43,40
	
	1501,66
	31,54
	41,93
	43,87
	0,11%


	SOCCER
	low layer
	1190
	kbps
	 
	 
	high layer
	1500
	kbps
	 
	 

	 
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate

	dyadic
	1179,31
	33,91
	43,18
	44,74
	-0,90%
	1499,80
	34,20
	42,85
	44,95
	-0,01%

	ratio 3/2
	1181,99
	35,87
	43,41
	44,10
	-0,67%
	1504,34
	34,84
	42,95
	44,95
	0,29%

	generic
	1204,31
	36,46
	43,66
	45,52
	1,20%
	1505,02
	34,42
	42,80
	44,73
	0,33%

	Generic lower base
	962,32
	35,614
	43,173
	45,007
	
	1503,42
	34,91
	42,90
	44,79
	0,23%


Table 2 : PSNR results for ratio 4/3
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These results show a sensible advantage of the Extended Spatial Scalability solutions against the dyadic one. 

Considering the 2 ESS proposals, the following remarks can be made:

· regarding low layer, quality is equivalent for harbour and crew sequences. For city and soccer sequences, an difference of 0.7 to 1 dB can be observed in favour of the generic solution.

· regarding high layer, the 3/2 ratio solution gives superior or comparable results.

Additional simulations have been performed with the generic solution by decreasing the bitrate of the base layer (20% less), in order to give more quality to the high layer. It can be observed that both approaches have similar behaviours, with anyway an overall better quality for the 3/2 ratio solution. 

These conclusions are confirmed by sequences viewing.

4.2 Ratio Low / High layer of 2/3

4.2.1 Processed simulations

For the dyadic case, an upsampling with a ratio of 4/3 must be applied on the low layer to get the right picture dimensions.

	Simu Type
	decoded high layer size
	decoded low layer size
	decoded Low layer resampling

	Dyadic
	672*576
	336*288
	448*384 - 4/3

	ESS with Ratio 3/2
	672*576
	448*384
	No

	Generic ESS
	672*576
	448*384
	No


Table 3 : processed simulations for ratio 2/3

4.2.2 Results

	CITY
	low layer
	720
	kbps
	 
	 
	high layer
	1000
	kbps
	 
	 

	 
	real 
bitrate
	psnr Y
	psnr U
	psnr V
	delta 
bitrate
	real 
bitrate
	psnr Y
	psnr U
	psnr V
	delta 
bitrate

	Dyadic
	705,66
	29,43
	42,90
	43,51
	-1,99%
	981,11
	32,69
	45,16
	46,97
	-1,89%

	ratio 3/2
	732,07
	35,44
	44,51
	46,27
	1,68%
	993,87
	34,05
	44,68
	46,44
	-0,61%

	generic
	732,07
	35,44
	44,51
	46,27
	1,68%
	983,97
	34,02
	44,68
	46,45
	-1,60%


	CREW
	low layer
	1050
	kbps
	 
	 
	high layer
	1470
	kbps
	 
	 

	 
	real 
bitrate
	psnr Y
	psnr U
	psnr V
	delta 
bitrate
	real 
bitrate
	psnr Y
	psnr U
	psnr V
	delta 
bitrate

	Dyadic
	1049,62
	34,77
	40,03
	39,28
	-0,04%
	1465,98
	35,03
	41,87
	41,31
	-0,27%

	ratio 3/2
	1069,01
	36,02
	41,57
	40,91
	1,81%
	1458,41
	35,29
	42,02
	41,45
	-0,79%

	generic
	1069,01
	36,02
	41,57
	40,91
	1,81%
	1465,22
	35,33
	42,03
	41,47
	-0,32%


	HARBOUR
	low layer
	1050
	kbps
	 
	 
	high layer
	1470
	kbps
	 
	 

	 
	real 
bitrate
	psnr Y
	psnr U
	psnr V
	delta 
bitrate
	real 
bitrate
	psnr Y
	psnr U
	psnr V
	delta 
bitrate

	Dyadic
	1058,18
	29,28
	41,41
	42,21
	0,78%
	1479,71
	31,25
	43,10
	45,17
	0,66%

	ratio 3/2
	1063,44
	31,93
	42,42
	44,15
	1,28%
	1481,42
	31,69
	42,97
	44,69
	0,78%

	generic
	1063,44
	31,93
	42,42
	44,15
	1,28%
	1474,86
	31,70
	42,97
	44,69
	0,33%


	SOCCER
	low layer
	1050
	kbps
	 
	 
	high layer
	1470
	kbps
	 
	 

	 
	real 
bitrate
	psnr Y
	psnr U
	psnr V
	delta 
bitrate
	real 
bitrate
	psnr Y
	psnr U
	psnr V
	delta 
bitrate

	Dyadic
	1044,03
	33,74
	41,50
	42,37
	-0,57%
	1488,46
	34,67
	42,85
	44,96
	1,26%

	ratio 3/2
	1057,82
	36,24
	43,31
	45,22
	0,74%
	1492,19
	35,18
	43,05
	45,04
	1,51%

	generic
	1057,81
	36,24
	43,31
	45,22
	0,74%
	1452,56
	35,10
	43,03
	45,01
	-1,19%


Table 4 : PSNR results for ratio 3/2
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Figure 6 : PSNR for ratio 2/3 (1:low layer, 2:high layer)

Again, these results show a sensible advantage of the Extended Spatial Scalability solutions against the dyadic one. Moreover both solutions (generic and 3/2 ratio) give equivalent results. These conclusions are confirmed by sequences viewing.
4.3 Ratio Low / High layer of 3/5

4.3.1 Processed simulations

For the dyadic the ESS_3_2 cases, the low layer must be first cropped to get low layer dimensions multiple of 16. In these two cases, the low layer must be upsampled, with a ratio of 6/5 for the dyadi case, and of 9/10 for the ESS_3_2 case. In both cases, the upsampled low layer is smaller than the actual low layer, and thus must be compared to a cropped version of the low layer.

	Simu Type
	decoded high layer size
	decoded low layer size
	decoded Low layer resampling

	Dyadic with cropping
	640*560
	320*272 (crop)
	384*326 – 6/5 (crop)

	ESS with Ratio 3/2
	640*560
	416*368 (crop)
	374*330 – 9/10 (crop)

	Generic ESS
	640*560
	384*336
	No


Table 5 : processed simulations for ratio 5/3

4.3.2 Results

	CITY
	low layer
	610
	kbps
	 
	 
	high layer
	980
	kbps
	 
	 

	 
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate

	dyadic
	601,22
	29,91
	42,67
	44,17
	-1,44%
	997,97
	33,61
	42,94
	45,39
	1,83%

	ratio 3/2
	601,24
	34,06
	42,33
	44,27
	-1,44%
	967,69
	34,32
	42,96
	45,19
	-1,26%

	generic
	621,78
	35,30
	43,21
	45,11
	1,93%
	963,08
	33,99
	42,89
	45,18
	-1,73%

	Generic lower base
	499,31
	34,56
	42,64
	44,56
	
	970,31
	34,41
	43,03
	45,23
	-0,99%


	CREW
	low layer
	890
	kbps
	 
	 
	high layer
	1430
	kbps
	 
	 

	 
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate

	dyadic
	887,24
	33,66
	39,00
	37,94
	-0,31%
	1407,53
	35,07
	40,32
	40,40
	-1,57%

	ratio 3/2
	906,04
	34,45
	39,31
	38,20
	1,80%
	1426,67
	35,36
	40,48
	40,67
	-0,23%

	generic
	898,96
	35,09
	39,68
	39,08
	1,01%
	1424,63
	35,11
	40,37
	40,51
	-0,38%

	Generic lower base
	717,61
	34,25
	39,14
	38,36
	
	1423,66
	35,32
	40,37
	40,54
	-0,44%


	HARBOUR
	low layer
	890
	kbps
	 
	 
	high layer
	1430
	kbps
	 
	 

	 
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate

	dyadic
	894,55
	28,31
	40,56
	42,14
	0,51%
	1451,09
	31,28
	41,75
	43,85
	1,47%

	ratio 3/2
	907,37
	29,83
	40,31
	42,60
	1,95%
	1444,08
	31,91
	41,99
	43,98
	0,98%

	generic
	875,03
	30,81
	40,83
	42,58
	-1,68%
	1449,78
	31,46
	41,95
	43,89
	1,38%

	Generic lower base
	710,91
	30,11
	40,48
	42,22
	
	1430,24
	31,70
	41,87
	43,78
	0,02%


	SOCCER
	low layer
	890
	kbps
	 
	 
	high layer
	1430
	kbps
	 
	 

	 
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate
	real bitrate
	psnr Y
	psnr U
	psnr V
	delta bitrate

	dyadic
	893,80
	33,17
	41,25
	42,67
	0,43%
	1401,96
	34,72
	42,77
	44,88
	-1,96%

	ratio 3/2
	901,77
	34,57
	42,16
	43,18
	1,32%
	1421,51
	35,27
	43,05
	45,04
	-0,59%

	generic
	892,08
	35,58
	42,43
	44,42
	0,23%
	1444,52
	34,88
	42,97
	44,92
	1,02%

	Generic lower base
	721,89
	34,691
	41,985
	43,866
	
	1436,15
	35,202
	43,017
	44,876
	0,43%


Table 6 : PSNR results for ratio 4/3
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Again, these results show a sensible advantage of the Extended Spatial Scalability solutions against the dyadic one. 

Considering the 2 ESS proposals, the following remarks can be made:

· regarding low layer, the generic solution outperforms the 3/2 ratio one by 0.7 to 1.2 dB.

· regarding high layer, the 3/2 ratio solution the generic ratio one by 0.2 to 0.6 dB.

Additional simulations have been performed with the generic solution by decreasing the bitrate of the base layer (20% less), in order to give more quality to the high layer. It can be observed that both approaches have similar behaviours. 

These conclusions are confirmed by sequences viewing.

5 Conclusions and recommendations

These experiments prove the interest of Extended Spatial Scalability. 

Pros and cons of each solution are the following:

· Ratio 3/2 solution

· Pros

· Direct and non complex motion and texture inheriting processes (as dyadic solution)

· Good efficiency

· Directly usable for SD/HD (720p/SD30Hz) scalability

· Cons

· Non genericity

· Cropping window aligned on MBs

· Generic solution

· Pros

· Genericity : any horizontal and vertical ratios, any cropping window position

· Good efficiency

· Limited complexity

· Cons

· Higher complexity than dyadic or 3/2 ratio solutions
Consequently we recommend to adopt proposal 1 and proposal2 for introduction into the JSVM. Each tool may correspond to different types of applications. For instance, proposal 1 (ratio 3/2) is directly usable for SD/HD (720p/SD30Hz) scalability. Proposal 2 would be for instance well adapted for professional applications (such as flexible content repurposing).
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