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Abstract

This document reports the results of Motorola Mobility’s interpolation filter for HEVC. The simulations were conducted using HM2.0 software with Motorola Mobility’s modifications. Compared with the current interpolation filter in HM2.0, the proposed method applies a 7-tap filter for quarter-pel positions while keeping the same process for half-pel positions. The proposed method saves 0.1% on LDHE setting and saves 0.3% on LDLC setting. The proposed method loses 0.1% on RAHE setting and loses 0.3% on RALC setting. Cross-check will be provided by Samsung and HHI. The attached spreadsheet contains detailed data of the results.
1 Introduction
The target of this document is to verify the performance of Motorola Mobility’s 6-bit interpolation filter for HEVC [1]. The simulations were conducted using HM2.0 software [2] with Motorola Mobility’s modifications. Cross-check will be provided by Samsung and HHI.
2 Proposed sub-pel interpolation filters

An 8-tap FIR filter with 6-bit coefficients is used for the half-pel interpolation. The half-pel interpolation filter is the same as the anchor. 3 multiplications and 7 additions, or 9 additions and 4 shifts are needed for each half-pel interpolation. A 7-tap FIR filter with 6-bit coefficients is proposed for the quarter-pel interpolation. 6 multiplications and 6 additions, or 10 additions and 5 shifts are needed for each quarter-pel interpolation. 
Fig. 1 illustrates the positions of the resulting half-pel and quarter-pel pixels between full-pel pixels along a pixel line within an image, where L3, L2, L1, L0, R0, R1, R2, and R3 are full-pel pixels, H is a half-pel pixel between L0 and R0, FL is a sub-pel pixel between L0 and H, and FR is a sub-pel pixel between H and R0. 
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Fig. 1 Sub-Pel Positions 
FL = (-1*L3 + 3*L2 - 9*L1 + 57*L0 + 18*R0 - 6*R1 + 2*R2 - 0*R3 + 32) >> 6;
H = (-1*L3 + 4*L2 - 11*L1 + 40*L0 + 40*R0 - 11*R1 + 4*R2 - 1*R3 + 32) >> 6;

FR = (-0*L3 + 2*L2 - 6*L1 + 18*L0 + 57*R0 - 9*R1 + 3*R2 - 1*R3 + 32) >> 6;
A mathematically equivalent representation of the FL calculation using only addition and shift operations is
T1 = -L1 + ((L0 + R0) << 1) + (L0 << 2);
T2 = L2 + L0 - (R1 << 1);
FL = (T1 + T2 – L3 + ((T2 + R2) << 1) + (T1 << 3) + 32) >> 6;
Table 1 summarizes the filter coefficients. In a practical implementation, the operation as “0*R3” or “0*L3” could be skipped. That is, only 7-tap interpolation filters are needed for quarter-pel interpolation.
Table 1 Sub-pel pixel interpolation filter coefficients
	Position
	Coefficients

	FL
	{    -1,     3,   -9,    57,    18,    -6,     2,    0,}

	H
	{    -1,     4,   -11,    40,    40,    -11,     4,    0,}

	FR
	{    0,     2,    -6,    18,    57,   -9,     3,    -1,}


3 Simulation environment

3.1 Software
The software used to run the simulations is HM2.0. The binaries were compiled using Microsoft Visual Studio 2008 64bit. The coding conditions used for the simulations are specified in [3]. YUV file output during the decoding was disabled when collecting the decoding time statistics. 
3.2 Hardware

All the simulation experiments were conducted on PCs with identical settings, i.e., Microsoft Windows XP 64bits, Intel Xeon 3.06GHz with 8G memory. Anchor results from the same PCs are used for fair comparison. Therefore, both the encoding time and decoding time comparisons are reliable. 

4 Simulation Results

The encoder reconstructed YUV files match the decoder reconstructed YUV files. The experimental results of the rate-distortion and speed comparison are summarized in Table 2. Detailed results are included in the attachment (JCTVC-E358.xls).
Table 2 Rate-distortion and speed performance comparison of Motorola Mobility’s interpolation filters
	 
	 
	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
	0.0 
	-0.1 
	-0.2 
	-0.3 
	-0.2 
	-0.2 

	Class B
	-0.1 
	0.0 
	0.0 
	-0.3 
	0.0 
	0.0 

	Class C
	0.1 
	0.1 
	0.1 
	0.5 
	0.1 
	0.1 

	Class D
	0.3 
	0.3 
	0.4 
	1.3 
	0.3 
	0.4 

	Class E
	 
	 
	 
	 
	 
	 

	All
	0.1 
	0.1 
	0.1 
	0.3 
	0.1 
	0.1 

	Enc Time[%]
	98%
	97%

	Dec Time[%]
	100%
	97%

	
	
	
	
	
	
	

	 
	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
	-0.2 
	-0.1 
	-0.1 
	-0.9 
	-0.1 
	0.2 

	Class C
	0.1 
	0.3 
	0.1 
	0.2 
	0.1 
	0.1 

	Class D
	0.1 
	0.4 
	0.2 
	0.8 
	0.5 
	0.6 

	Class E
	-0.4 
	-0.7 
	0.6 
	-1.3 
	-0.5 
	0.0 

	All
	-0.1 
	0.0 
	0.2 
	-0.3 
	0.0 
	0.2 

	Enc Time[%]
	98%
	96%

	Dec Time[%]
	98%
	97%


5 Complexity

Table 3 gives the complexity analysis of the proposed filter.
Table 3 Complexity analysis

	Method
	DCTIF 8-tap
	Proposal

	add/shift or multiple
	add/shift
	add/shift
	 

	Sheet
	Anchor
	Proposal
	Ratio (%)

	Single
	4x4
	Operations
	Worst case / pixel
	60.00 
	52.50 
	88%

	
	
	
	Average of operations / pixel
	39.75 
	35.83 
	90%

	
	
	Bandwith
	Worst case / pixel
	7.56 
	7.56 
	100%

	
	
	
	Average of bytes / pixel
	5.35 
	4.79 
	89%

	Single
	8x8
	Operations
	Worst case / pixel
	46.00 
	41.25 
	90%

	
	
	
	Average of operations / pixel
	31.88 
	29.38 
	92%

	
	
	Bandwith
	Worst case / pixel
	3.52 
	3.52 
	100%

	
	
	
	Average of bytes / pixel
	2.74 
	2.54 
	93%

	Single
	16x16
	Operations
	Worst case / pixel
	39.00 
	35.63 
	91%

	
	
	
	Average of operations / pixel
	27.94 
	26.16 
	94%

	
	
	Bandwith
	Worst case / pixel
	2.07 
	2.07 
	100%

	
	
	
	Average of bytes / pixel
	1.76 
	1.68 
	95%

	Single
	32x32
	Operations
	Worst case / pixel
	35.50 
	32.81 
	92%

	
	
	
	Average of operations / pixel
	25.97 
	24.55 
	95%

	
	
	Bandwith
	Worst case / pixel
	1.49 
	1.49 
	100%

	
	
	
	Average of bytes / pixel
	1.36 
	1.32 
	97%

	Single
	64x64
	Operations
	Worst case / pixel
	33.75 
	31.41 
	93%

	
	
	
	Average of operations / pixel
	24.98 
	23.74 
	95%

	
	
	Bandwith
	Worst case / pixel
	1.23 
	1.23 
	100%

	
	
	
	Average of bytes / pixel
	1.17 
	1.15 
	99%

	Bi
	4x4
	Operations
	Worst case / pixel
	120.00 
	105.00 
	88%

	
	
	
	Average of operations / pixel
	79.50 
	71.67 
	90%

	
	
	Bandwith
	Worst case / pixel
	15.13 
	15.13 
	100%

	
	
	
	Average of bytes / pixel
	10.70 
	9.57 
	89%

	Bi
	8x8
	Operations
	Worst case / pixel
	92.00 
	82.50 
	90%

	
	
	
	Average of operations / pixel
	63.75 
	58.77 
	92%

	
	
	Bandwith
	Worst case / pixel
	7.03 
	7.03 
	100%

	
	
	
	Average of bytes / pixel
	5.49 
	5.08 
	93%

	Bi
	16x16
	Operations
	Worst case / pixel
	78.00 
	71.25 
	91%

	
	
	
	Average of operations / pixel
	55.88 
	52.32 
	94%

	
	
	Bandwith
	Worst case / pixel
	4.13 
	4.13 
	100%

	
	
	
	Average of bytes / pixel
	3.53 
	3.36 
	95%

	Bi
	32x32
	Operations
	Worst case / pixel
	71.00 
	65.63 
	92%

	
	
	
	Average of operations / pixel
	51.94 
	49.09 
	95%

	
	
	Bandwith
	Worst case / pixel
	2.97 
	2.97 
	100%

	
	
	
	Average of bytes / pixel
	2.71 
	2.64 
	97%

	Bi
	64x64
	Operations
	Worst case / pixel
	67.50 
	62.81 
	93%

	
	
	
	Average of operations / pixel
	49.97 
	47.48 
	95%

	
	
	Bandwith
	Worst case / pixel
	2.46 
	2.46 
	100%

	
	
	
	Average of bytes / pixel
	2.34 
	2.31 
	99%

	Single
	Operations
	Worst case / pixel
	60.00 
	52.50 
	88%

	
	
	Average of operations / pixel
	30.10 
	27.93 
	93%

	
	Bandwith
	Worst case / pixel
	7.56 
	7.56 
	100%

	
	
	Average of bytes / pixel
	2.48 
	2.30 
	93%

	Bi
	Operations
	Worst case / pixel
	120.00 
	105.00 
	88%

	
	
	Average of operations / pixel
	60.21 
	55.86 
	93%

	
	Bandwith
	Worst case / pixel
	15.13 
	15.13 
	100%

	
	
	Average of bytes / pixel
	4.95 
	4.59 
	93%

	Total
	Operations
	Worst case / pixel
	120.00 
	105.00 
	88%

	
	
	Average of operations / pixel
	45.15 
	41.90 
	93%

	
	Bandwith
	Worst case / pixel
	15.13 
	15.13 
	100%

	
	
	Average of bytes / pixel
	3.71 
	3.44 
	93%
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