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1. Overview
The main purpose of this document is to verify the performance of the CE 10[1] related to improving upsampling process applied in Extended Spatial Scalability (ESS) as described in the JSVM2. In this document, we focus on verifying the results of Thomson’s proposal (JVT-O041/O042) of CE 10. The proposal consists in providing a complexity reduction by fully unifying ESS_3_2 with a limited enhancement / base layer ratio of 3/2 and ESS_generic supporting any ratio. The three ratios of 3/4, 2/3 and 3/5 are considered and two solutions are compared for each of those ratios.
· Generic solution: previous ESS solution which was already implemented in JSVM2.0.
· Unified solution (proposal 2 in CE10): new upsampling motion solution which unified ESS_3_2 and ESS_generic 
2. Verification process
The bitstreams, binary files and reference sequences were provided by Thomson. And these bit-streams were extracted for the test points defined in the CE 10 description. Then each bitstreams were decoded for every target points. Lastly, PSNR values have been calculated and checked with the results provided by Thomson.
3. Verification results
3.1. Experimental settings
CE10 defined new sequences sizes and ratios as well as target bitrates. These conditions are summarized in the table 1.
Table 1  Test sequences and the corresponding bitrates and size for each ratio 
	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


3.2.  Experimental results
The test results are summarized in the table 2~4 for each ratio. The results of Thomson are in black and cross-check in red. 
Table 2 Results of ratio 3/2
	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	Thomson results

	3_2
	City
	GENERIC
	layer1
	0.53%
	1720
	36.12
	45.81
	47.43

	3_2
	City
	GENERIC
	layer0
	0.69%
	720
	38.04
	45.37
	47.01

	3_2
	City
	UNIFIED
	layer1
	1.00%
	1720
	36.06
	45.80
	47.43

	3_2
	City
	UNIFIED
	layer0
	0.69%
	720
	38.04
	45.37
	47.01

	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
	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

	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
	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

	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
	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

	Cross-check results

	3_2
	City
	GENERIC
	layer1
	0.53%
	1720
	36.12
	45.81
	47.43

	3_2
	City
	GENERIC
	layer0
	0.69%
	720
	38.04
	45.37
	47.01

	3_2
	City
	UNIFIED
	layer1
	1.00%
	1720
	36.06
	45.80
	47.43

	3_2
	City
	UNIFIED
	layer0
	0.69%
	720
	38.04
	45.37
	47.01

	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
	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

	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
	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

	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

	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	Cross-check results

	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


Table 3 Results of ratio 4/3
	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	Thomson results

	4_3
	City
	GENERIC
	layer1
	0.90%
	1834
	36.24
	44.00
	46.03

	4_3
	City
	GENERIC
	layer0
	3.45%
	810
	38.39
	44.86
	46.59

	4_3
	City
	UNIFIED
	layer1
	0.98%
	1834
	36.20
	44.00
	46.02

	4_3
	City
	UNIFIED
	layer0
	3.52%
	810
	38.38
	44.86
	46.59

	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
	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

	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
	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

	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
	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

	Cross-check results

	4_3
	City
	GENERIC
	layer1
	0.90%
	1834
	36.24
	44.00
	46.03

	4_3
	City
	GENERIC
	layer0
	3.45%
	810
	38.39
	44.86
	46.59

	4_3
	City
	UNIFIED
	layer1
	0.98%
	1834
	36.20
	44.00
	46.02

	4_3
	City
	UNIFIED
	layer0
	3.52%
	810
	38.38
	44.86
	46.59

	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
	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

	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
	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

	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
	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


Table 4 Results of ratio 5/3
	Ratio
	Sequence
	Config
	Layer
	Rate%
	DataRate
	PSNRY
	PSNRU
	PSNRV

	Thomson results

	5_3
	City
	GENERIC
	layer1
	0.27%
	1590
	36.13
	43.97
	46.06

	5_3
	City
	GENERIC
	layer0
	0.66%
	610
	37.43
	44.51
	46.27

	5_3
	City
	UNIFIED
	layer1
	0.14%
	1590
	36.08
	43.98
	46.06

	5_3
	City
	UNIFIED
	layer0
	0.66%
	610
	37.43
	44.51
	46.27

	5_3
	Crew
	GENERIC
	layer1
	1.63%
	2320
	36.91
	41.18
	41.85

	5_3
	Crew
	GENERIC
	layer0
	0.92%
	890
	36.64
	40.89
	40.23

	5_3
	Crew
	UNIFIED
	layer1
	1.29%
	2320
	36.93
	41.20
	41.89

	5_3
	Crew
	UNIFIED
	layer0
	0.87%
	890
	36.64
	40.90
	40.23

	5_3
	Harbour
	GENERIC
	layer1
	1.89%
	2320
	33.41
	42.64
	44.61

	5_3
	Harbour
	GENERIC
	layer0
	1.22%
	890
	32.57
	41.77
	43.41

	5_3
	Harbour
	UNIFIED
	layer1
	1.67%
	2320
	33.53
	42.73
	44.71

	5_3
	Harbour
	UNIFIED
	layer0
	1.23%
	890
	32.57
	41.77
	43.41

	5_3
	Soccer
	GENERIC
	layer1
	1.50%
	2320
	37.43
	44.12
	46.03

	5_3
	Soccer
	GENERIC
	layer0
	0.59%
	890
	37.42
	43.81
	45.64

	5_3
	Soccer
	UNIFIED
	layer1
	1.46%
	2320
	37.41
	44.12
	46.03

	5_3
	Soccer
	UNIFIED
	layer0
	0.62%
	890
	37.42
	43.81
	45.64

	Cross-check results

	5_3
	City
	GENERIC
	layer1
	0.27%
	1590
	36.13
	43.97
	46.06

	5_3
	City
	GENERIC
	layer0
	0.66%
	610
	37.43
	44.51
	46.27

	5_3
	City
	UNIFIED
	layer1
	0.14%
	1590
	36.08
	43.98
	46.06

	5_3
	City
	UNIFIED
	layer0
	0.66%
	610
	37.43
	44.51
	46.27

	5_3
	Crew
	GENERIC
	layer1
	1.63%
	2320
	36.91
	41.18
	41.85

	5_3
	Crew
	GENERIC
	layer0
	0.92%
	890
	36.64
	40.89
	40.23

	5_3
	Crew
	UNIFIED
	layer1
	1.29%
	2320
	36.93
	41.20
	41.89

	5_3
	Crew
	UNIFIED
	layer0
	0.87%
	890
	36.64
	40.90
	40.23

	5_3
	Harbour
	GENERIC
	layer1
	1.89%
	2320
	33.41
	42.64
	44.61

	5_3
	Harbour
	GENERIC
	layer0
	1.22%
	890
	32.57
	41.77
	43.41

	5_3
	Harbour
	UNIFIED
	layer1
	1.67%
	2320
	33.53
	42.73
	44.71

	5_3
	Harbour
	UNIFIED
	layer0
	1.23%
	890
	32.57
	41.77
	43.41

	5_3
	Soccer
	GENERIC
	layer1
	1.50%
	2320
	37.43
	44.12
	46.03

	5_3
	Soccer
	GENERIC
	layer0
	0.59%
	890
	37.42
	43.81
	45.64

	5_3
	Soccer
	UNIFIED
	layer1
	1.46%
	2320
	37.41
	44.12
	46.03

	5_3
	Soccer
	UNIFIED
	layer0
	0.62%
	890
	37.42
	43.81
	45.64


4. Conclusion
From the verification work, we conclude that the provided bitstreams, coder and decoder for CE 10 - proposal 2 are all correct. And the result given by Thomson is successfully cross-checked and it is identical to the result that has been tested by us.
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