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1 Introduction

This document summarizes the Tool Experiment TE12 activities related to the evaluation of Max TU Size [1].

This evaluation was performed by Huawei and TI. 
2 Tests conditions
The following platforms and compiler have been used:

	Test cases
	Hardware
	OS
	Compiler

	Encoding

Intra and Low Delay 
	Intel Xeon 
E5520@2.27GHz,

16G Ram
	Windows 2003 Server R2 X64 platform
	Visual Studio 2005

	Encoding

Random Access Class A and B
	Intel Xeon Dual E5520@2.27GHz, 48G Ram
	
	

	Encoding

Random Access

Class C and D
	Intel Xeon CPU Dual X7350@2.27GHz, 48G Ram
	
	

	Decoding all
	Intel Xeon CPU E5310@2.2GHz, 16G Ram
	
	


The testers have run each test case with ‘transforms from 32x32 to 4x4’, ‘transforms from 32x32 to 8x8’, ‘transforms from 16x16 to 4x4’,  ‘transforms from 16x16 to 8x8’ and ‘All transforms up to 64x64’ using  computers with the same configuration, in order to obtain comparable Encoding and Decoding times for both configurations.
When running the tests, the following two problems occurred:

1. Huawei found that both TMuC0.7.1 and TMuC0.7.2 compiled by VS 2005 crashed when encoding some of test cases with min transform size 8x8, while TMuC0.7.3 run well.
2. TI found that TMuC0.7.1 had issues with LCEC. However, TMuC0.7.3 with HHI_RQT_ROOT enabled run well.
So different versions of the TMuC software were used in the evaluation as following:

	Test cases
	TMuC Version

	TU_Max5_Min2_HE
TU_Max4_Min2_HE
TU_Max6_Min2_HE
	TMuC 0.7.1

	TU_Max5_Min3_HE
TU_Max4_Min3_HE
	TMuC 0.7.3

	All transforms tests with the LC configuration.
	TMuC 0.7.3 with HHI_RQT_ROOT enabled


3 Cross-checking results

The testers have observed mismatches when using Linux and Windows platforms. However the differences remain tiny and occur only after the 3rd digit of the bit rate values in some of the tests, while the PSNR values are all same. 
4 Max TU Size performance
The full evaluation results can be found in files TE12-TUSize _maxTU16x16_minTU4x4-Huawei.xls, TE12-TUSize_maxTU16x16_minTU8x8-Huawei.xls, TE12-TUSize_maxTU32x32_minTU4x4-Huawei.xls and TE12-TUSize_maxTU32x32_minTU8x8-Huawei.xls.
The following tables summarize the Max TU Size performance evaluation obtained by Huawei:

	Performance with max TU size 16x16 and min TU size 4x4
　
	Intra
	Intra LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.6 
	1.4 
	1.6 
	0.6 
	1.0 
	1.5 

	Class B
	2.1 
	3.9 
	4.3 
	3.1 
	3.2 
	3.8 

	Class C
	0.4 
	1.0 
	0.8 
	0.4 
	0.5 
	0.6 

	Class D
	0.4 
	0.8 
	0.7 
	0.2 
	0.4 
	0.4 

	Class E
	1.8 
	8.0 
	6.8 
	3.1 
	7.2 
	6.3 

	All
	1.1 
	3.0 
	2.8 
	1.5 
	2.4 
	2.5 

	Enc Time[%]
	91%
	78%

	Dec Time[%]
	96%
	100%


	　
	Random access
	Random access LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	1.1 
	3.0 
	3.2 
	0.7 
	1.3 
	1.6 

	Class B
	3.3 
	7.0 
	6.9 
	4.2 
	5.2 
	7.2 

	Class C
	1.5 
	2.8 
	2.6 
	1.5 
	1.3 
	1.3 

	Class D
	0.7 
	2.0 
	1.7 
	0.4 
	1.8 
	0.9 

	Class E
	　
	　
	　
	　
	　
	　

	All
	1.8 
	4.0 
	3.9 
	2.0 
	2.7 
	3.2 

	Enc Time[%]
	95%
	97%

	Dec Time[%]
	88%
	100%


	　
	Low delay
	Low delay LoCo

	　
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	2.9 
	15.8 
	20.5 
	6.4 
	13.7 
	19.5 

	Class C
	1.4 
	6.7 
	7.8 
	2.4 
	3.8 
	4.3 

	Class D
	0.5 
	6.2 
	6.5 
	1.0 
	4.8 
	3.3 

	Class E
	8.0 
	35.8 
	26.7 
	6.4 
	23.2 
	17.0 

	All
	2.9 
	14.9 
	15.0 
	4.0 
	10.8 
	11.2 


	Enc Time[%]
	96%
	100%

	Dec Time[%]
	96%
	99%


Performance with max TU size 16x16 and min TU size 8x8

	　
	Intra
	Intra LoCo

	
	Y BDR
	U BDR
	V BDR
	Y BDR
	U BDR
	V BDR

	Class A
	4.0 
	6.5 
	6.0 
	1.0 
	4.1 
	3.0 

	Class B
	5.4 
	8.9 
	9.2 
	4.0 
	7.4 
	7.0 

	Class C
	9.2 
	10.1 
	10.3 
	6.8 
	10.8 
	10.0 

	Class D
	10.8 
	13.2 
	14.3 
	8.7 
	12.6 
	13.8 

	Class E
	6.0 
	9.9 
	9.9 
	3.4 
	-1.7 
	1.1 

	All
	7.4 
	10.0 
	10.3 
	5.2 
	7.4 
	7.8 

	Enc Time[%]
	42%
	35%

	Dec Time[%]
	85%
	84%


	　
	Random access
	Random access LoCo

	
	Y BDR
	U BDR
	V BDR
	Y BDR
	U BDR
	V BDR

	Class A
	6.3 
	12.6 
	11.6 
	3.6 
	10.7 
	10.6 

	Class B
	7.7 
	14.7 
	14.5 
	5.9 
	12.3 
	12.9 

	Class C
	11.3 
	16.3 
	17.0 
	10.3 
	17.4 
	17.2 

	Class D
	13.1 
	19.9 
	20.7 
	12.0 
	20.0 
	21.6 

	Class E
	　
	　
	　
	　
	　
	　

	All
	9.9 
	16.2 
	16.4 
	8.4 
	15.5 
	16.1 

	Enc Time[%]
	52%
	66%

	Dec Time[%]
	85%
	106%


	　
	Low delay
	Low delay LoCo

	　
	Y BDR
	U BDR
	V BDR
	Y BDR
	U BDR
	V BDR

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	7.3 
	22.9 
	28.1 
	7.9 
	18.7 
	22.1 

	Class C
	10.6 
	18.4 
	18.9 
	11.3 
	15.8 
	15.6 

	Class D
	11.4 
	20.5 
	21.5 
	12.5 
	17.2 
	16.9 

	Class E
	12.2 
	38.3 
	31.1 
	7.5 
	19.3 
	17.2 

	All
	10.1 
	24.1 
	24.7 
	9.8 
	17.7 
	18.3 

	Enc Time[%]
	56%
	53%

	Dec Time[%]
	88%
	89%


Performance with max TU size 32x32 and min TU size 4x4

	　
	Intra
	Intra LoCo

	
	Y BDR
	U BDR
	V BDR
	Y BDR
	U BDR
	V BDR

	Class A
	0.1 
	0.3 
	0.3 
	0.0 
	0.1 
	0.1 

	Class B
	0.4 
	1.0 
	1.0 
	0.1 
	0.2 
	0.3 

	Class C
	0.1 
	0.2 
	0.1 
	0.0 
	0.0 
	0.0 

	Class D
	0.1 
	0.1 
	0.1 
	0.0 
	0.0 
	0.0 

	Class E
	0.3 
	1.8 
	1.3 
	0.4 
	0.8 
	0.7 

	All
	0.2 
	0.7 
	0.6 
	0.1 
	0.2 
	0.2 

	Enc Time[%]
	96%
	83%

	Dec Time[%]
	92%
	91%


	　
	Random access
	Random access LoCo

	
	Y BDR
	U BDR
	V BDR
	Y BDR
	U BDR
	V BDR

	Class A
	0.2 
	0.5 
	0.4 
	0.1 
	0.2 
	0.2 

	Class B
	0.6 
	1.4 
	1.4 
	0.4 
	1.0 
	1.6 

	Class C
	0.3 
	0.3 
	0.4 
	0.2 
	0.2 
	0.1 

	Class D
	0.1 
	0.2 
	0.2 
	0.0 
	0.4 
	0.1 

	Class E
	　
	　
	　
	　
	　
	　

	All
	0.3 
	0.7 
	0.7 
	0.2 
	0.5 
	0.6 

	Enc Time[%]
	96%
	99%

	Dec Time[%]
	86%
	106%


	　
	Low delay
	Low delay LoCo

	　
	Y BDR
	U BDR
	V BDR
	Y BDR
	U BDR
	V BDR

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	0.5 
	3.9 
	4.8 
	0.8 
	2.1 
	3.1 

	Class C
	0.2 
	1.2 
	1.3 
	0.3 
	0.4 
	0.4 

	Class D
	0.1 
	0.8 
	0.9 
	0.1 
	0.7 
	0.4 

	Class E
	1.7 
	9.6 
	7.3 
	1.3 
	4.3 
	3.0 

	All
	0.5 
	3.5 
	3.4 
	0.6 
	1.7 
	1.7 

	Enc Time[%]
	99%
	103%

	Dec Time[%]
	98%
	94%


Performance with max TU size 32x32 and min TU size 8x8

	　
	Intra
	Intra LoCo

	
	Y BDR
	U BDR
	V BDR
	Y BDR
	U BDR
	V BDR

	Class A
	3.5 
	5.4 
	4.6 
	0.6 
	3.4 
	1.8 

	Class B
	3.6 
	5.8 
	5.7 
	1.2 
	4.8 
	4.0 

	Class C
	8.8 
	9.2 
	9.5 
	6.5 
	10.4 
	9.5 

	Class D
	10.5 
	12.3 
	13.6 
	8.6 
	12.3 
	13.5 

	Class E
	4.4 
	3.7 
	4.0 
	1.0 
	-7.4 
	-3.8 

	All
	6.4 
	7.6 
	7.9 
	3.9 
	5.5 
	5.8 

	Enc Time[%]
	49%
	38%

	Dec Time[%]
	90%
	89%

	　
	Random access
	Random access LoCo

	
	Y BDR
	U BDR
	V BDR
	Y BDR
	U BDR
	V BDR

	Class A
	5.3 
	10.1 
	8.6 
	2.9 
	9.7 
	9.3 

	Class B
	4.8 
	8.9 
	8.7 
	2.3 
	8.4 
	8.3 

	Class C
	9.9 
	13.6 
	14.4 
	9.1 
	16.3 
	16.0 

	Class D
	12.4 
	17.8 
	19.3 
	11.6 
	19.2 
	20.9 

	Class E
	　
	　
	　
	　
	　
	　

	All
	8.3 
	12.7 
	13.0 
	6.7 
	13.6 
	13.9 

	Enc Time[%]
	58%
	61%

	Dec Time[%]
	85%
	106%


	　
	Low delay
	Low delay LoCo

	　
	Y BDR
	U BDR
	V BDR
	Y BDR
	U BDR
	V BDR

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	4.7 
	9.4 
	11.5 
	2.6 
	6.1 
	6.5 

	Class C
	9.2 
	11.6 
	11.7 
	9.3 
	11.8 
	11.2 

	Class D
	10.8 
	14.3 
	15.4 
	11.7 
	12.5 
	13.5 

	Class E
	5.9 
	11.9 
	11.9 
	3.0 
	-0.3 
	2.8 

	All
	7.6 
	11.7 
	12.6 
	6.6 
	7.9 
	8.7 

	Enc Time[%]
	59%
	61%

	Dec Time[%]
	98%
	98%


It is observed that:
a. TU size 4x4 impacts the RD performance greatly when compared with TU size 32x32. In the case for the luma picture Y, average 6% BD rate saving is achieved when TU 4x4 is turned on, while TU size 32x32 has only got an average of 2% BD rate saving.
b. Difference CU sizes do not have strong impact to the decoder time. But if TU size 4x4 is turned off, around 50% encoder time can be saved.
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