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1 Introduction

This document reports the results of CE10 related to Extended Spatial Scalability, as described in document JVT-O310. The goal of this CE is to improve the upsampling processes applied in extended spatial scalability as described in the JSVM2. This basically addresses the intra texture, residual and motion upsampling.
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2 Test conditions definition

The tests conditions of CE10 of Hong-Kong meeting (JVT-O039) have been re-used, with the following modifications. The downsampled test sequences have been generated using the filtering process described in document JVT-I018, that looks as a good compromise between aliasing and sharpness of the filtered texture.

2.1 Bitrates for Proposal 1 

Simulations results have been generated and cross-checked (document JVT-P020) for the following tests conditions.

	Ratio

Low/High

¾
	bitrates 
	Low - 528*432@30HZ
	High - 704*576@30HZ

	
	City
	810 kbps
	1024 kbps

	
	Crew, Harbour, Soccer
	1190 kbps
	1500 kbps

	Ratio

Low/High

2/3
	bitrates
	Low - 448*384@30HZ
	High - 672*576@30HZ

	
	City
	720 kbps
	1000 kbps

	
	Crew, Harbour, Soccer
	1050 kbps
	1470 kbps

	Ratio

Low/High

3/5
	bitrates
	Low - 384*336@30HZ
	High - 640*560@30HZ

	
	City
	610 kbps
	980 kbps

	
	Crew, Harbour, Soccer
	890 kbps
	1430 kbps


The simulations have been performed with the following motion parameters:

· Search mode 
4

· Search function full pel 
3

· Search function sub pel 
2

· Search range (Full Pel) 
1

· Maximum number of iterations for bi-prediction search 
1

· Search range for iterations (0: normal search range) 
1

For the low and high layers, the decoding loops parameter has been set to 0.

2.2 Bitrates for Proposal 2 

Simulations results have been generated and cross-checked (document JVT-P074) for the following tests conditions.
	Ratio

Low/High

¾
	bitrates 
	Low - 528*432@30HZ
	High - 704*576@30HZ

	
	City
	810 kbps
	1834 kbps

	
	Crew, Harbour, Soccer
	1190 kbps
	2690 kbps

	Ratio

Low/High

2/3
	bitrates
	Low - 448*384@30HZ
	High - 672*576@30HZ

	
	City
	720 kbps
	1720 kbps

	
	Crew, Harbour, Soccer
	1050 kbps
	2520 kbps

	Ratio

Low/High

3/5
	bitrates
	Low - 384*336@30HZ
	High - 640*560@30HZ

	
	City
	610 kbps
	1590 kbps

	
	Crew, Harbour, Soccer
	890 kbps
	2320 kbps


The simulations have been performed with the following motion parameters:

· Search mode 
4

· Search function full pel 
3

· Search function sub pel 
2

· Search range (Full Pel) 
96

· Maximum number of iterations for bi-prediction search 
4

· Search range for iterations (0: normal search range) 
8

For the low layer, the decoding loops parameter has been set to 2. For the high layer, the decoding loops parameter has been set to 1.

3 Results

3.1 Proposal 1 – texture and residual upsampling

This proposal is described in document JVT-P012.  The proposed direct interpolation method is expected to reduce the computational complexity in the meanwhile slightly improves quality of the up-sampled pictures.
3.1.1 Results
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3.2 Proposal 2 – motion upsampling
This proposal is described in document JVT-P019. The proposed solution aims at unifying the tools of Extended Spatial Scalability, that is, spatial scalability with ratios of 1, 2 or 3/2 and MB aligned cropping, and spatial scalability with any ratio and any cropping.
The following tests have been performed:

· DYADIC : 
dyadic scalability (Spatial Scalability Type 1), with upsampling of decoded base layer pictures

· S32 : 
Spatial Scalability with ratio3/2 (Spatial Scalability Type 2), with upsampling of decoded base layer pictures

· GENERIC : 
JSVM2 – generic Spatial Scalability (Spatial Scalability Type 3)

· SIMULCAST : 
each layer is encoded using a single layer approach. The overall bitrate is distributed on each layer proportionally to the picture size. The same GOP structure is used as in the scalable case.

· UNIFIED : 
unified motion upsampling solution, as described in Proposal 2 of document JVT-P019.

3.2.1 Results for ratio 4/3

	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	4_3
	City
	DYADIC
	layer0
	0,90%
	810
	33,01
	45,02
	46,79

	4_3
	City
	DYADIC
	layer1
	1,75%
	1834
	36,17
	44,06
	46,04

	4_3
	City
	GENERIC
	layer0
	3,45%
	810
	38,39
	44,86
	46,59

	4_3
	City
	GENERIC
	layer1
	0,90%
	1834
	36,24
	44,00
	46,03

	4_3
	City
	S32
	layer0
	1,71%
	810
	38,25
	45,14
	46,84

	4_3
	City
	S32
	layer1
	0,94%
	1834
	36,19
	44,01
	46,06

	4_3
	City
	SIMULCAST
	layer0
	0,98%
	660
	37,13
	44,01
	45,94

	4_3
	City
	SIMULCAST
	layer1
	0,16%
	1174
	34,77
	42,59
	44,93

	4_3
	City
	UNIFIED
	layer0
	3,52%
	810
	38,38
	44,86
	46,59

	4_3
	City
	UNIFIED
	layer1
	0,98%
	1834
	36,20
	44,00
	46,02
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	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	4_3
	Crew
	DYADIC
	layer0
	1,70%
	1190
	37,00
	42,07
	41,45

	4_3
	Crew
	DYADIC
	layer1
	0,65%
	2690
	37,48
	41,63
	42,47

	4_3
	Crew
	GENERIC
	layer0
	0,81%
	1190
	37,46
	41,82
	41,37

	4_3
	Crew
	GENERIC
	layer1
	0,46%
	2690
	37,19
	41,47
	42,18

	4_3
	Crew
	S32
	layer0
	1,73%
	1190
	37,58
	41,72
	41,31

	4_3
	Crew
	S32
	layer1
	0,34%
	2690
	37,34
	41,57
	42,34

	4_3
	Crew
	SIMULCAST
	layer0
	0,96%
	968
	37,30
	41,99
	41,43

	4_3
	Crew
	SIMULCAST
	layer1
	0,87%
	1722
	36,57
	41,49
	41,90

	4_3
	Crew
	UNIFIED
	layer0
	0,81%
	1190
	37,46
	41,82
	41,37

	4_3
	Crew
	UNIFIED
	layer1
	0,45%
	2690
	37,22
	41,50
	42,24
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	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	4_3
	Harbour
	DYADIC
	layer0
	0,90%
	1190
	30,95
	42,44
	44,19

	4_3
	Harbour
	DYADIC
	layer1
	0,06%
	2690
	33,56
	42,70
	44,77

	4_3
	Harbour
	GENERIC
	layer0
	0,76%
	1190
	33,05
	42,20
	43,89

	4_3
	Harbour
	GENERIC
	layer1
	1,49%
	2690
	33,59
	42,75
	44,73

	4_3
	Harbour
	S32
	layer0
	1,23%
	1190
	33,20
	42,24
	43,90

	4_3
	Harbour
	S32
	layer1
	0,01%
	2690
	33,59
	42,77
	44,76

	4_3
	Harbour
	SIMULCAST
	layer0
	1,05%
	968
	31,89
	41,66
	43,09

	4_3
	Harbour
	SIMULCAST
	layer1
	0,86%
	1722
	32,13
	41,56
	43,32

	4_3
	Harbour
	UNIFIED
	layer0
	0,77%
	1190
	33,05
	42,20
	43,89

	4_3
	Harbour
	UNIFIED
	layer1
	1,56%
	2690
	33,56
	42,76
	44,73
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	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	4_3
	Soccer
	DYADIC
	layer0
	0,13%
	1190
	36,47
	44,55
	46,58

	4_3
	Soccer
	DYADIC
	layer1
	0,57%
	2690
	37,61
	44,25
	46,17

	4_3
	Soccer
	GENERIC
	layer0
	0,47%
	1190
	38,03
	44,44
	46,24

	4_3
	Soccer
	GENERIC
	layer1
	0,11%
	2690
	37,50
	44,20
	46,12

	4_3
	Soccer
	S32
	layer0
	1,49%
	1190
	38,23
	44,50
	46,33

	4_3
	Soccer
	S32
	layer1
	1,48%
	2690
	37,67
	44,29
	46,22

	4_3
	Soccer
	SIMULCAST
	layer0
	1,29%
	968
	37,33
	43,98
	45,90

	4_3
	Soccer
	SIMULCAST
	layer1
	1,00%
	1722
	36,04
	43,31
	45,42

	4_3
	Soccer
	UNIFIED
	layer0
	0,49%
	1190
	38,03
	44,44
	46,24

	4_3
	Soccer
	UNIFIED
	layer1
	0,40%
	2690
	37,49
	44,22
	46,14
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3.2.2 Results for ratio 3/2

	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	3_2
	City
	DYADIC
	layer0
	0,93%
	720
	32,71
	45,64
	47,24

	3_2
	City
	DYADIC
	layer1
	1,12%
	1720
	36,11
	45,82
	47,43

	3_2
	City
	GENERIC
	layer0
	0,69%
	720
	38,04
	45,37
	47,01

	3_2
	City
	GENERIC
	layer1
	0,53%
	1720
	36,12
	45,81
	47,43

	3_2
	City
	SIMULCAST
	layer0
	3,73%
	529
	36,40
	44,17
	46,02

	3_2
	City
	SIMULCAST
	layer1
	1,59%
	1191
	34,81
	44,44
	46,37

	3_2
	City
	UNIFIED
	layer0
	0,69%
	720
	38,04
	45,37
	47,01

	3_2
	City
	UNIFIED
	layer1
	1,00%
	1720
	36,06
	45,80
	47,43
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	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	3_2
	Crew
	DYADIC
	layer0
	0,29%
	1050
	36,37
	42,13
	41,29

	3_2
	Crew
	DYADIC
	layer1
	1,70%
	2520
	37,32
	43,18
	43,18

	3_2
	Crew
	GENERIC
	layer0
	0,51%
	1050
	37,02
	41,83
	41,16

	3_2
	Crew
	GENERIC
	layer1
	1,53%
	2520
	37,20
	43,09
	43,03

	3_2
	Crew
	SIMULCAST
	layer0
	0,58%
	775
	36,45
	41,79
	40,95

	3_2
	Crew
	SIMULCAST
	layer1
	1,91%
	1745
	36,56
	43,16
	42,90

	3_2
	Crew
	UNIFIED
	layer0
	0,51%
	1050
	37,02
	41,83
	41,16

	3_2
	Crew
	UNIFIED
	layer1
	1,81%
	2520
	37,22
	43,13
	43,08
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	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	3_2
	Harbour
	DYADIC
	layer0
	0,84%
	1050
	30,64
	42,77
	44,52

	3_2
	Harbour
	DYADIC
	layer1
	0,52%
	2520
	33,56
	43,71
	45,52

	3_2
	Harbour
	GENERIC
	layer0
	0,57%
	1050
	32,82
	42,58
	44,20

	3_2
	Harbour
	GENERIC
	layer1
	0,63%
	2520
	33,58
	43,79
	45,51

	3_2
	Harbour
	SIMULCAST
	layer0
	1,45%
	775
	31,44
	41,72
	43,18

	3_2
	Harbour
	SIMULCAST
	layer1
	0,22%
	1745
	32,31
	42,56
	44,14

	3_2
	Harbour
	UNIFIED
	layer0
	0,57%
	1050
	32,82
	42,58
	44,20

	3_2
	Harbour
	UNIFIED
	layer1
	0,13%
	2520
	33,53
	43,79
	45,52
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	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	3_2
	Soccer
	DYADIC
	layer0
	1,41%
	1050
	35,98
	44,12
	46,16

	3_2
	Soccer
	DYADIC
	layer1
	0,78%
	2520
	37,56
	44,21
	46,14

	3_2
	Soccer
	GENERIC
	layer0
	1,27%
	1050
	37,84
	44,23
	46,04

	3_2
	Soccer
	GENERIC
	layer1
	1,35%
	2520
	37,46
	44,17
	46,10

	3_2
	Soccer
	SIMULCAST
	layer0
	1,17%
	775
	36,64
	43,56
	45,43

	3_2
	Soccer
	SIMULCAST
	layer1
	0,54%
	1745
	36,17
	43,37
	45,54

	3_2
	Soccer
	UNIFIED
	layer0
	1,27%
	1050
	37,84
	44,23
	46,04

	3_2
	Soccer
	UNIFIED
	layer1
	1,71%
	2520
	37,43
	44,17
	46,10
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3.2.3 Results for ratio 5/3

	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	5_3
	City
	DYADIC
	layer0
	0,25%
	610
	28,35
	44,65
	46,41

	5_3
	City
	DYADIC
	layer1
	1,87%
	1590
	36,20
	44,06
	46,10

	5_3
	City
	GENERIC
	layer0
	0,66%
	610
	37,43
	44,51
	46,27

	5_3
	City
	GENERIC
	layer1
	0,27%
	1590
	36,13
	43,97
	46,06

	5_3
	City
	S32
	layer0
	0,95%
	610
	32,78
	45,23
	46,59

	5_3
	City
	S32
	layer1
	0,94%
	1590
	36,14
	43,96
	46,06

	5_3
	City
	SIMULCAST
	layer0
	1,40%
	420
	35,31
	42,99
	44,94

	5_3
	City
	SIMULCAST
	layer1
	0,87%
	1170
	34,95
	42,61
	44,99

	5_3
	City
	UNIFIED
	layer0
	0,66%
	610
	37,43
	44,51
	46,27

	5_3
	City
	UNIFIED
	layer1
	0,14%
	1590
	36,08
	43,98
	46,06
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	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	5_3
	Crew
	GENERIC
	layer0
	0,92%
	890
	36,64
	40,89
	40,23

	5_3
	Crew
	GENERIC
	layer1
	1,63%
	2320
	36,91
	41,18
	41,85

	5_3
	Crew
	S32
	layer0
	0,13%
	890
	36,33
	41,24
	40,42

	5_3
	Crew
	S32
	layer1
	0,74%
	2320
	37,04
	41,26
	42,00

	5_3
	Crew
	UNIFIED
	layer0
	0,87%
	890
	36,64
	40,90
	40,23

	5_3
	Crew
	UNIFIED
	layer1
	1,29%
	2320
	36,93
	41,20
	41,89
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	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	5_3
	Harbour
	GENERIC
	layer0
	1,22%
	890
	32,57
	41,77
	43,41

	5_3
	Harbour
	GENERIC
	layer1
	1,89%
	2320
	33,41
	42,64
	44,61

	5_3
	Harbour
	S32
	layer0
	0,82%
	890
	31,59
	42,46
	44,09

	5_3
	Harbour
	S32
	layer1
	0,20%
	2320
	33,59
	42,74
	44,73

	5_3
	Harbour
	SIMULCAST
	layer0
	0,78%
	614
	30,96
	40,98
	42,49

	5_3
	Harbour
	SIMULCAST
	layer1
	0,34%
	1706
	32,45
	41,65
	43,32

	5_3
	Harbour
	UNIFIED
	layer0
	1,23%
	890
	32,57
	41,77
	43,41

	5_3
	Harbour
	UNIFIED
	layer1
	1,67%
	2320
	33,53
	42,73
	44,71
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	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	5_3
	Soccer
	GENERIC
	layer0
	0,59%
	890
	37,42
	43,81
	45,64

	5_3
	Soccer
	GENERIC
	layer1
	1,50%
	2320
	37,43
	44,12
	46,03

	5_3
	Soccer
	S32
	layer0
	0,28%
	890
	34,91
	44,26
	45,90

	5_3
	Soccer
	S32
	layer1
	1,10%
	2320
	37,42
	44,10
	46,04

	5_3
	Soccer
	SIMULCAST
	layer0
	0,43%
	614
	35,79
	42,79
	44,70

	5_3
	Soccer
	SIMULCAST
	layer1
	1,87%
	1706
	36,32
	43,43
	45,58

	5_3
	Soccer
	UNIFIED
	layer0
	0,62%
	890
	37,42
	43,81
	45,64

	5_3
	Soccer
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3.2.4 Comments

· The Unified solution gives results very similar to the generic solution of JSVM2.

· The noticeable advantage of the Extended Spatial Scalability solution against the dyadic one, already seen in previous CE results (see document JVT-O039) is confirmed for the considered tests conditions.

· For the considered tests conditions, the simulcast solution is outperformed by the scalable solution. 

4 Conclusions

4.1 Proposal 1 – texture and residual upsampling

The direct interpolation as proposal 1 for texture and residual upsampling reduces the computational complexity and in the meanwhile slightly improves the coding efficiency (by up to 0.45 dB and 0.19 dB on average comparing to the JSVM2 implementation).  Therefore, we recommend adopting this proposal into the SVC.
4.2 Proposal 2 – motion upsampling
The proposed unified solution gives similar results to the JSVM2, while unifying the different types of spatial scalability (1:dyadic with MB aligned cropping / 2:ratio 3/2 with MB aligned cropping / 3:any ratio with any cropping), and consequently simplifying both the textual description and the implementation. 

The main complexity reductions are the following:

· significant reduction of the number of divisions and multiplications (rescaling operations reduced from 32 to 6 per MB),

· removal of the systematic 4x4 block motion inheritance thanks to the coarse-to-fine approach (MB type inheritance / partition inheritance / sub-partition inheritance).

· removal of the systematic merging operations required for each 4x4 block and each 8x8 block in the JSVM2 generic solution,

Consequently we recommend to adopt this proposal for introduction into the JSVM.
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