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Abstract

In this contribution performance test results when Sample Adaptive Off-Set (SAO) is enabled in LC test configuration is provided. On top of HM5.0 SAO provides 1.0% (AI-LC), 2.1% (RA-LC), 3.6% (LD-LC), 8.4% (LP-LC) avg Luma BD-rate gain and even higher Chroma BD-rate gain. Motion Compensation (MC) part complexity measurement shows 2% reduction of multiplication and 1% average memory band-width reduction is SAO is enabled. 
1 Introduction
It is known that Sample Adaptive Offset (SAO) [1-2] improves both objective and subjective quality of reconstructed signal. In [3] it was disabled by default in LC test case. The goal of this contribution is to show performance gain SAO provides in LC test case and describe an effect SAO has on Motion Compensation (MC) process.

As it was pointed out in several contributions during 7th JCTVC meeting Motion Compensation is the bottleneck of HEVC decoding complexity. Additionally we provide analysis for number of computations during Motion Compensation (MC) with and without SAO. MC part complexity uses tools recommended in CE3 and AhG7 [4].
2 Simulation results
For performance test SAO was enabled in LC test case without any modification of HM5.0 code. Test results are summarized in Table 1.

More details about test data can be found in excel spreadsheet attached to this contribution.

For MC complexity measurement 2 modules used in CE3 (interpolation MC) [4] were integrated into HM5.0 s/w. Number of arithmetical operations per on pixel MC and memory access were measured with SAO disables (anchor) and enabled (test). Summary of test data is represented in Table 2. 

Negative sign means reduction of computations and memory access. MC complexity reduction due to SAO was observed for all test cases (all videos, all QP). Extreme point is SlideEditing, LB-LC test case, where 18% reduction for MC computations was observed is SAO was enabled.

Table 1. SAO performance in HM5.0 (LC cases).
		All Intra LC


		Y

	U

	V


	Class A

	-0.7%

	-2.2%

	-2.3%


	Class B

	-0.5%

	-2.4%

	-3.5%


	Class C

	-0.7%

	-2.5%

	-3.5%


	Class D

	-0.5%

	-1.7%

	-2.3%


	Class E

	-0.9%

	-4.0%

	-3.8%


	Class F

	-2.9%

	-3.6%

	-5.4%


	Overall

	-1.0%

	-2.7%

	-3.5%


	Enc Time[%]

	101%

	Dec Time[%]

	104%


				
		Random Access LC


		Y

	U

	V


	Class A

	-1.9%

	-5.8%

	-5.5%


	Class B

	-2.0%

	-5.8%

	-5.9%


	Class C

	-1.0%

	-4.1%

	-5.5%


	Class D

	-0.4%

	-2.3%

	-2.6%


	Class E

			
	Class F

	-5.3%

	-6.7%

	-9.7%


	Overall

	-2.1%

	-5.0%

	-5.8%


	Enc Time[%]

	100%


	Dec Time[%]

	105%



	
	Low delay B LC

Y

U

V

-2.9%

-9.3%

-10.3%

-1.8%

-7.5%

-11.1%

-0.8%

-3.9%

-5.6%

-3.5%

-15.9%

-14.3%

-9.2%

-12.6%

-16.4%

-3.6%

-9.5%

-11.4%

100%

105%

Low delay P LC

Y

U

V

-10.7%

-12.2%

-13.7%

-6.3%

-9.8%

-13.2%

-3.5%

-6.6%

-6.8%

-11.5%

-20.9%

-18.4%

-10.1%

-13.4%

-16.5%

-8.4%

-12.2%

-13.5%

101%

107%




Table 2. Complexity of MC part reduction due to SAO.

	
	Random Access LC
	Low Delay B LC
	Low Delay P LC

	Mults per pixel
	-2%
	-2%
	-1%

	Adds per pixel
	-2%
	-2%
	-1%

	MemAccess per pixel
	-1%
	-2%
	-1%

	Avg. MemBand2D
	-1%
	-1%
	-1%

	Avg. MemBand1D
	-1%
	-1%
	-1%


It should be notices that SAO doesn’t use any multiplication and memory access patterns is regular (cache should work). Based on this analysis we conclude that enabling SAO in “Low Complexity” test case will reduce overall complexity. 
We would like to thank K. Chono and H.Aoki (NEC) for very careful cross-check of our complexity measurement [5]. Performance matches with reported in [6] by MediaTek.
3 Conclusions

Based on reported results Samsung propose to enable SAO in LC test case since this tool 
· provides significant gain (in average 4% Luma and 8% Chroma BD-rate), 
· doesn’t use any multiplications, 
· improves quality of reference frames, 
· reduces both number of computations and memory band-width in MC part.

4 Patent rights declarations

Samsung Electronics Co. Ltd. may have current or pending patent rights relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).
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