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Abstract

An experimental result of non-uniform tap length filters is reported.  This is one of proposals of CE3 on motion compensation.  The worst cases of complexity of interpolation process are two dimensional quarter pixel positions.  The shorter tap length filters are introduced in those cases.  As an experimental result, the gain coding efficiency is an average of 0.12%.  The complexity analyses of 8/7-tap non-uniform tap length filters show worst case of computational complexity and average of computational complexity and memory bandwidth are reduced from them of 8-tap DCT-IF.

1 Introduction
The purpose of CE3 [1] is to improve the performance of inter prediction with enhanced motion compensation filters.  In this contribution, according to common condition, JCTVC-F903 [1], the experimental result of non-uniform tap length filtering is reported 

2 Non-uniform Tap Length Filtering (NTLF)
An interpolation that has non-uniform tap length filters for computational complexity reduction is tested.  For example, in case of inner fractional position, asymmetrical M-tap (M<N) is used and symmetrical N-tap filter is used and in case of border fractional position, both asymmetrical and symmetrical N-tap filter is used.  Since the number of multiplication of symmetrical filter is smaller than that of asymmetrical filter at the same tap-length generally, the worst number of multiplication is reduced.
When motion vector indicates quarter position vertically or horizontally, 7-tap asymmetrical filters as Table 1 are introduced.  That is one of the worst cases of number of operations.
Table 1
 7-tap interpolation filter coefficients for quarter pixel position
	7-tap
	1/4
	-2, 5, -11, 58, 18, -6, 2



[image: image1]
Figure 1  Non-uniform tap length for each sub-pixel

3 Experimental results
The simulation was conducted for all sequences of WQVGA, WVGA, 720p, 1080p and cropped 4kx2k based on the recommended simulation common conditions, JCTVC-F900.  Table 1 indicates the average results of coding efficiency compared to each anchor.  According to JCTVC-F900, the interpolation filter of anchor is 8-tap DCT-IF.  Used platform is that the OS is Windows 7 64-bit; the CPU is Core™i7-2600, 3.4GHz and the compiler is Visual C++ 2008.
CE3 has conducted computational complexity and memory bandwidth analyses for each proposal.  At this time, computational operations and memory bandwidth for each block size and for each single and bidirectional prediction are measured.  This proposal can reduce worst case and average of computational operations and also average of memory bandwidth.

Table 2
Summary of results
	
	Y
	Cb
	Cr

	Gain Ave.[%]
	-0.12%
	-0.02%
	-0.04%

	Gain Best [%]
	-1.73%
	-1.12%
	-1.86%

	Gain Worst [%]
	0.28%
	1.42%
	0.94%

	Gain Ave.[%] (with LDP)
	-0.05%
	0.04%
	0.02%

	Gain Best [%] (with LDP)
	-1.73%
	-1.12%
	-1.86%

	Gain Worst [%] (with LDP)
	0.46%
	1.42%
	0.94%

	Enc Time[%]
	99.14%

	Dec Time[%]
	99.66%

	Mult Ave.[%]
	-17.50%

	Mult Worst[%]
	-6.47%

	Adds Ave.[%]
	-3.83%

	Adds Worst[%]
	0.00%

	Access[%]
	-1.00%

	MemBand(2D) Ave.[%]
	-1.15%

	MemBand(2D) Max.[%]
	4.25%

	MemBand(2D) Worst[%]
	0.00%

	MemBand(1D) Ave.[%]
	-1.24%

	MemBand(1D) Max.[%]
	3.99%

	MemBand(1D) Worst[%]
	0.00%


Table 3
Summary of simulation results

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.0%
	-0.1%
	-0.2%
	0.1%
	0.1%
	0.1%

	Class B
	-0.1%
	0.0%
	0.0%
	0.0%
	0.0%
	0.1%

	Class C
	-0.2%
	-0.1%
	0.0%
	-0.1%
	-0.1%
	0.0%

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

	Class E
	
	
	
	
	
	

	Overall
	-0.1%
	-0.1%
	-0.1%
	-0.1%
	0.0%
	0.0%

	
	-0.1%
	-0.1%
	-0.1%
	-0.1%
	0.0%
	0.0%

	Enc Time[%]
	99%
	99%

	Dec Time[%]
	100%
	99%

	Mult[%]
	-16%
	-17%

	Adds[%]
	-3%
	-3%

	Access[%]
	0%
	-1%

	MemBand(2D) Ave.[%]
	-1%
	-1%

	MemBand(2D) Max.[%]
	5%
	3%

	MemBand(1D) Ave.[%]
	-1%
	-1%

	MemBand(1D) Max.[%]
	5%
	2%

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	
	
	
	
	
	

	Class B
	-0.1%
	0.0%
	-0.1%
	-0.1%
	0.0%
	0.1%

	Class C
	-0.1%
	0.0%
	-0.1%
	-0.1%
	0.1%
	0.0%

	Class D
	-0.1%
	0.0%
	0.1%
	-0.3%
	0.1%
	-0.5%

	Class E
	-0.1%
	0.0%
	0.3%
	0.0%
	-0.2%
	-0.2%

	Overall
	-0.1%
	0.0%
	0.0%
	-0.1%
	0.0%
	-0.1%

	
	-0.1%
	0.0%
	0.0%
	-0.1%
	0.0%
	-0.1%

	Enc Time[%]
	99%
	99%

	Dec Time[%]
	99%
	100%

	Mult[%]
	-17%
	-18%

	Adds[%]
	-4%
	-4%

	Access[%]
	-1%
	-1%

	MemBand(2D) Ave.[%]
	-1%
	-1%

	MemBand(2D) Max.[%]
	8%
	4%

	MemBand(1D) Ave.[%]
	-1%
	-1%

	MemBand(1D) Max.[%]
	8%
	4%

	
	Low delay P HE
	Low delay P LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	
	
	
	
	
	

	Class B
	0.1%
	0.2%
	0.2%
	0.1%
	0.1%
	0.2%

	Class C
	0.1%
	0.2%
	0.2%
	0.0%
	0.1%
	0.3%

	Class D
	0.2%
	0.3%
	0.0%
	0.2%
	0.1%
	-0.2%

	Class E
	0.0%
	0.3%
	0.4%
	0.0%
	-0.2%
	0.0%

	Overall
	0.1%
	0.2%
	0.2%
	0.1%
	0.1%
	0.1%

	
	0.1%
	0.3%
	0.2%
	0.1%
	0.1%
	0.1%

	Enc Time[%]
	100%
	99%

	Dec Time[%]
	100%
	100%

	Mult[%]
	-18%
	-19%

	Adds[%]
	-4%
	-5%

	Access[%]
	-1%
	-2%

	MemBand(2D) Ave.[%]
	-1%
	-1%

	MemBand(2D) Max.[%]
	2%
	4%

	MemBand(1D) Ave.[%]
	-2%
	-1%

	MemBand(1D) Max.[%]
	1%
	4%


4 Subjective quality
Regarding subjective quality, in order to check ringing noises of interpolation filter, CE3 (JCTVC-F903) recommends that three configurations should be checked and attached the specified still images on the report.  The decoded still images of both proposal and anchor are attached.

It seems to be difficult to find the difference of subjective quality between proposals and HM40 anchor.

5 Conclusions
In this contribution, the simulation results have been shown.  As experimental results the coding gain has been improved and the complexities have been reduced.
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8 Annex
Change in section 8.4.2.2.2.1.
–
The samples labelled a10,0 and c10,0 shall be derived by applying the 7-tap filter to the nearest integer position samples:

a10,0 = ( −A−3,0 + 4*A−2,0 − 10*A−1,0 + 57*A0,0 +
 19*A1,0 − 7*A2,0 + 3*A3,0 − A4,0 ) >> shift1


c10,0 = ( −A−3,0 + 3*A−2,0 − 7*A−1,0 + 19*A0,0 +
 57*A1,0 − 10*A2,0 + 4*A3,0 − A4,0 ) >> shift1


–
The samples labelled e0,0, f0,0, g0,0, i0,0, j0,0, k0,0, p0,0, q0,0 and r0,0 shall be derived by applying the 8-tap or 7-tap filter to the samples a10,i, b0,i and c10,i where i = −3..4 in vertical direction:

e0,0 = ( −2*a10,−3 + 5*a10,−2 − 11*a10,−1 + 58*a10,0 +
 18*a10,1 − 6*a10,2 + 2*a10,3 ) >> shift2
(8‑108)
f0,0 = ( −a10,−3 + 4*a10,−2 − 11*a10,−1 + 40*a10,0 +
 40*a10,1 − 11*a10,2 + 4*a10,3 – a10,4 ) >> shift2
(8‑109)
g0,0 = ( 2*a10,−2 − 6*a10,−1 + 18*a10,0 +
 58*a10,1 − 11*a10,2 + 5*a10,3 – 2*a10,4 ) >> shift2
(8‑110)
i0,0 = ( −2*b0,−3 + 5*b0,−2 − 11*b0,−1 + 58*b0,0 +
 18*b0,1 − 6*b0,2 + 2*b0,3 ) >> shift2
(8‑111)
j0,0 = ( −b0,−3 + 4*b0,−2 − 11*b0,−1 + 40*b0,0 +
 40*b0,1 − 11*b0,2 + 4*b0,3 – b0,4 ) >> shift2
(8‑112)
k0,0 = ( 2*b0,−2 − 6*b0,−1 + 18*b0,0 +
 58*b0,1 − 11*b0,2 + 5*b0,3 – 2*b0,4 ) >> shift2
(8‑113)
p0,0 = ( −2*c10,−3 + 5*c10,−2 − 11*c10,−1 + 58*c10,0 +
 18*c10,1 − 6*c10,2 + 2*c10,3 ) >> shift2
(8‑114)
q0,0 = ( −c10,−3 + 4*c10,−2 − 11*c10,−1 + 40*c10,0 +
 40*c10,1 − 11*c10,2 + 4*c10,3 – c10,4 ) >> shift2
(8‑115)
r0,0 = ( 2*c10,−2 − 6*c10,−1 + 18*c10,0 +
 58*c10,1 − 11*c10,2 + 5*c10,3 – 2*c10,4 ) >> shift2
(8‑116)
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