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Abstract

This document reports the outcome of Mitsubishi Electric Research Laboratory’s (MERL) cross-verification of JCTVC-H0309, “CE7: Boundary-Dependent Transform for Inter-Predicted Residue.” A brief analysis of the software implementation is followed by a summary of experimental results. The simulation results performed for the cross-verification match those provided by the proponents, and examination of the software confirms that it is implementing the described transform.
1 Introduction and examination of software
Working Draft 5 [1] currently specifies the use of the conventional DCT-II for TUs in inter-coded PUs. The proposed tool described in JCT-VC H0309 [2] introduces additional transforms via the BD_TRANS macro. When enabled, the NxN transform TComTrQuant::transformNxN()and corresponding inverse transform methods are modified to include the current x and y pixel positions in the block being transformed. For TUs in luma PUs that are not Intra, the conventional DCT-II, existing DST-VII, or DST-VII with flipped inputs are used as the 4-point transform.  For 8-point and 16-point transforms, the DCT-II, DCT-IV, or DCT-IV with flipped inputs are used. 
The selection of transform type is determined by the position of the TU in the PU, as described in Tables 1 and 2 of [2]. The position is computed by determining if the TU is located at the left, right, top, and/or bottom edges of the PU. This tool is used on non-square as well as square TUs. The horizontal and vertical transforms are selected independently, i.e., the left/right position of the TU in the PU determines the horizontal transform type, and the top/bottom position determines the vertical transform type.
The new transforms types are implemented as matrix multiplications. The add and shift values in the transform are identical to those used in HM 5.0. 32-point transforms are not modified by this tool.
2 Performance of proposed method
The proposed method from JCTVC-H0309 was implemented on top of HM 5.0. For this cross verification, simulations using software provided by the proponents were compared to a reference coded with HM 5.0, using the common conditions described in [3]. All software was compiled and run on a Linux cluster using Intel Xeon E5420 2.50 GHz processors. Results are shown in Table 1.
Table 1. Performance for cross-check of proposed tool

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A (8bit)
	-0.5%
	-0.1%
	-0.3%
	-0.6%
	0.2%
	0.1%

	Class B
	-0.2%
	0.2%
	0.2%
	-0.3%
	0.5%
	0.3%

	Class C
	-0.2%
	0.0%
	0.0%
	-0.3%
	0.2%
	0.2%

	Class D
	-0.3%
	-0.1%
	-0.2%
	-0.3%
	0.4%
	0.3%

	Class E
	 
	
	 
	 
	
	 

	Overall
	-0.3%
	0.0%
	0.0%
	-0.3%
	0.3%
	0.3%

	 
	-0.3%
	0.0%
	0.0%
	-0.3%
	0.3%
	0.2%

	Class F
	-0.1%
	0.0%
	-0.1%
	-0.1%
	0.1%
	0.1%

	Enc Time[%]
	102%
	102%

	Dec Time[%]
	100%
	100%

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	-0.5%
	0.1%
	0.2%
	-0.6%
	0.4%
	0.9%

	Class C
	-0.4%
	-0.3%
	-0.1%
	-0.7%
	0.3%
	0.4%

	Class D
	-0.4%
	-0.2%
	0.5%
	-0.6%
	0.8%
	0.6%

	Class E
	-0.6%
	0.1%
	-0.2%
	-0.6%
	0.2%
	1.2%

	Overall
	-0.5%
	-0.1%
	0.1%
	-0.6%
	0.4%
	0.7%

	 
	-0.5%
	-0.1%
	0.1%
	-0.6%
	0.5%
	0.7%

	Class F
	-0.5%
	-0.1%
	-0.3%
	-0.9%
	-0.9%
	-0.4%

	Enc Time[%]
	101%
	102%

	Dec Time[%]
	96%
	100%


	
	Random Access HE-10

	
	Y
	U
	V

	Class A (8bit)
	-0.2%
	0.0%
	0.1%

	Class B
	-0.2%
	0.3%
	0.2%

	Class C
	 
	
	 

	Class D
	 
	
	 

	Class E
	 
	
	 

	Overall
	-0.2%
	0.2%
	0.2%

	 
	-0.2%
	0.1%
	0.2%

	Class F
	 
	 
	 

	Enc Time[%]
	102%

	Dec Time[%]
	99%


3 Conclusions

The results obtained during this cross verification match those provided by the proponents. Improvements in BD-Rate generally range from 0.1 to 0.7% for Classes A-E. The low-delay configurations exhibited more improvement than the random-access cases, as this tool only operates on inter-coded PUs. Class F shows a 0.1% improvement for random-access cases, and 0.5%/0.9% for low-delay HE/LC configurations. Examination of the software confirms that it is indeed performing the specified horizontal and/or vertical transforms depending upon the TU’s left, right, top, and bottom position with respect to the PU, for inter-coded luma TUs. Run times for the proposed tool are a percent or two slower than HM 5.0 for the encoder, and the decoder run times are on par with HM 5.0, with typical variations from the compute platform.
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