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Abstract

This contribution reports results on enhanced MC filter, Bi/Single switching interpolation filter [1], in Core Experiment3 (CE3). In the test, the coding performance and complexity was measured under common test conditions in CE3, which is defined in JCTVC-C503r5 [2]. Several tap length ( 4, 6, 8, and 12 tap) were tested. In this test, for BD% of Bi/Single filter 8 tap, +0.1% (loss) and +0.1% (loss) for RA HE and LD HE, -4.6% (gain) and -3.8% (gain) for RA LC and LD LC can be achieved. The detailed results are summarized in the attached Excel sheet.

1 Introduction

The goal of CE3 is to further investigate interpolation filtering for motion compensation (Luma) technology. This contribution focuses on Bi/Single filter switching that is one of investigation items.
The technique of Bi/Single filter was introduced in [1]. The contribution focused on the 6 tap Bi/Single filter. And, the excepted 6 tap such as 12 tap was not premature. So, this contribution further studies 12, 8 and 4 tap.
And this contribution also studies theoretical complexity analysis.
2 Proposed method

This Bi/Single interpolation filter improves quality of prediction in MC as shown in [1], and two filter coefficients sets are switched either inter prediction mode is bi-predictive or not. For example, if current MC block mode is bi-predictive, filter coefficients for bi-prediction is used. In Table 1, the filter coefficients for single and bi-prediction are shown. This single prediction means L0 or L1 prediction.
Table 1 Filter coefficients

	# tap
	Sub pel
	Single prediction
	Bi-prediction

	4 tap
	1/2 pel
	-17,  145,  145,  -17
	-32,  160,  160,  -32

	
	1/4 pel
	-9,  200,   78,  -13
	-27,  239,   53,   -9

	6 tap
	1/2 pel
	2,  -20,  146,  146,  -20,    2
	11,  -44,  161,  161,  -44,   11

	
	1/4 pel
	2,  -16,  208,   81,  -25,    6
	11,  -41,  239,   63,  -23,    7

	8 tap
	1/2 pel
	-2,   15,  -41,  156,  156,  -41,   15,   -2
	-6,   19,  -44,  159,  159,  -44,   19,   -6

	
	1/4 pel
	-1,    9,  -32,  223,   79,  -35,   17,   -4
	-7,   19,  -43,  241,   62,  -23,   12,   -5

	12 tap
	1/2 pel
	-2,    6,  -10,   21,  -45,  158,  158,  -45,   21,  -10,    6,   -2
	-3,    9,  -17,   28,  -52,  163,  163,  -52,   28,  -17,    9,   -3

	
	1/4 pel
	1,    0,   -1,    5,  -27,  216,   86,  -38,   20,   -9,    3,    0
	-4,    9,  -15,   26,  -48,  236,   72,  -29,   16,  -10,    5,   -2


3 Experiment

3.1 Test condition and machine platform
Experiment was carried out based on HM software version 0.9 that was modified to bug fix #110 and #111. This bug fix is to follow CE3 mandate. And encoding time and decoding time were measured on same platform machines that spec is Core i7 CPU 2.8GHz, and 8 GB memory. And the Linux 64 bit (called Cent OS) is installed in the platform machine.

3.2 Test result

We tested a Bi/Single filter 12 tap for high efficiency case. Anchor is DCTIF 12 tap in HM 0.9. The summary results of BD performance are shown in Table 2.
Table 2 Result of Bi/Single filter 12 tap for high efficiency case (compared with DCTIF 12 tap)
	
	Random access
	Low delay

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

	Class A
	0.0 
	0.0 
	0.1 
	
	
	

	Class B
	-0.2 
	0.0 
	0.0 
	-0.2 
	-0.2 
	-0.3 

	Class C
	-0.5 
	-0.2 
	-0.2 
	-0.9 
	-0.5 
	-0.7 

	Class D
	-1.0 
	-0.2 
	0.0 
	-2.0 
	-1.9 
	-1.5 

	Class E
	
	
	
	0.7 
	-0.6 
	-0.9 

	All
	-0.4 
	-0.1 
	0.0 
	-0.6 
	-0.8 
	-0.8 

	Enc Time[%]
	107%
	107%

	Dec Time[%]
	112%
	108%


For low complexity case, Bi/Single filter 8 tap was compared with directional interpolation filter (DIF) as anchor. The result is shown in Table 3.

Table 3 Result of Bi/Single filter 8 tap for low complexity case (compared with DIF 6 tap)
	
	Random access LoCo
	Low delay LoCo

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

	Class A
	1.3 
	1.0 
	0.8 
	
	
	

	Class B
	-0.2 
	1.0 
	1.0 
	-0.3 
	-1.3 
	-1.7 

	Class C
	-5.6 
	-0.4 
	-0.8 
	-5.2 
	-4.6 
	-4.9 

	Class D
	-11.9 
	-4.8 
	-4.4 
	-10.7 
	-11.0 
	-11.0 

	Class E
	
	
	
	1.5 
	-1.4 
	-0.2 

	All
	-4.6 
	-0.9 
	-0.9 
	-3.8 
	-4.6 
	-4.6 

	Enc Time[%]
	114%
	116%

	Dec Time[%]
	133%
	125%


Forr low complexity case, Bi/Single filter 6 tap was compared with directional interpolation filter (DIF) as anchor. The result is shown in Table 4.
Table 4 Result of Bi/Single filter 6 tap for low complexity case
	
	Random access LoCo
	Low delay LoCo

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

	Class A
	0.6 
	0.6 
	0.3 
	
	
	

	Class B
	-0.3 
	0.5 
	0.5 
	-0.5 
	-1.3 
	-1.5 

	Class C
	-4.0 
	-0.4 
	-0.7 
	-3.1 
	-3.5 
	-3.7 

	Class D
	-8.9 
	-3.8 
	-3.4 
	-6.8 
	-7.6 
	-7.6 

	Class E
	
	
	
	0.7 
	-0.5 
	-0.4 

	All
	-3.4 
	-0.9 
	-0.9 
	-2.5 
	-3.3 
	-3.4 

	Enc Time[%]
	110%
	110%

	Dec Time[%]
	123%
	118%


For high complexity case, we tested the Bi/Single filter 8 tap compared with DCTIF 8 tap. The result is shown in Table 5
Table 5 Result of Bi/Single filter 8 tap for high efficiency (compared with DCTIF 12 tap)
	
	Random access HE
	Low delay

	
	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 
	
	
	

	Class B
	-0.2 
	0.0 
	-0.1 
	-0.3 
	-0.1 
	-0.4 

	Class C
	0.3 
	0.2 
	0.1 
	0.4 
	0.4 
	0.3 

	Class D
	0.3 
	0.5 
	0.7 
	-0.1 
	0.1 
	0.9 

	Class E
	
	
	
	0.4 
	0.2 
	0.0 

	All
	0.1 
	0.2 
	0.2 
	0.1 
	0.1 
	0.2 

	Enc Time[%]
	100%
	99%

	Dec Time[%]
	106%
	105%


For high complexity case, we tested the Bi/Single filter 8 tap compared with DCTIF 8 tap. The result is shown in Table 6.
Table 6 Result of Bi/Single filter 8 tap for high efficiency case (compared with DCTIF 8 tap)
	
	Random access HE
	Low delay

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

	Class A
	0.0 
	0.1 
	0.1 
	
	
	

	Class B
	-0.1 
	0.1 
	0.0 
	-0.1 
	-0.1 
	-0.4 

	Class C
	-0.5 
	-0.2 
	-0.3 
	-0.5 
	-0.6 
	-0.7 

	Class D
	-1.0 
	-0.4 
	-0.3 
	-1.0 
	-1.2 
	-0.8 

	Class E
	
	
	
	0.2 
	0.7 
	-0.1 

	All
	-0.5 
	-0.1 
	-0.1 
	-0.4 
	-0.3 
	-0.5 

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	99%


Table 7 Result of Bi/Single filter 6 tap for high efficiency case (compared with DCTIF 6tap)
	
	Random access LoCo
	Low delay LoCo

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

	Class A
	-0.9 
	-0.3 
	-0.4 
	
	
	

	Class B
	-0.3 
	-0.3 
	-0.4 
	-0.9 
	-0.1 
	0.0 

	Class C
	-1.6 
	-0.1 
	-0.3 
	-1.6 
	-0.5 
	-0.7 

	Class D
	-2.8 
	-1.1 
	-0.6 
	-1.6 
	-1.3 
	-1.3 

	Class E
	
	
	
	-1.6 
	-0.6 
	0.1 

	All
	-1.4 
	-0.5 
	-0.4 
	-1.4 
	-0.6 
	-0.5 

	Enc Time[%]
	108%
	109%

	Dec Time[%]
	118%
	113%


Table 8 Results of Bi/Single filter 4 tap for low complexity case (compared with DCTIF 4 tap)
	
	Random access LoCo
	Low delay LoCo

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

	Class A
	-2.0 
	-1.0 
	-0.9 
	
	
	

	Class B
	-1.3 
	-0.6 
	-0.9 
	-2.9 
	-1.3 
	-1.6 

	Class C
	-1.4 
	-0.4 
	-0.5 
	-2.3 
	-0.9 
	-1.1 

	Class D
	-1.8 
	-0.9 
	-0.5 
	-2.2 
	-1.3 
	-0.9 

	Class E
	
	
	
	-5.7 
	-2.9 
	-3.9 

	All
	-1.6 
	-0.7 
	-0.7 
	-3.1 
	-1.5 
	-1.7 

	Enc Time[%]
	101%
	100%

	Dec Time[%]
	108%
	107%


4 Complexity analysis

In software code, Bi/Single switching is very simple for implementation. It is just to change pointer address to point to filter coefficients array by either bi-predictive is used or not. When one block has two references (namely bi-predictive prediction), the pointer of filter coefficients is switched to coefficients for Bi. When one block has only L0 or L1 reference, the pointer is set to coefficients for single-prediction. We expect that the time to pointer switching can be neglected to compare with FIR process.

As shown in Table 6, 8 tap was used to both Bi/Single filter and DCTIF, we can see that encoding time and decoding time is almost same.

On the other hand, at Table 2, 12 tap was used to both Bi/Single filter and DCTIF, the encoding and decoding time of Bi/Single filter increase +7~12%. This increase mainly comes from implementation issue. DCTIF 12 tap is implemented using adder and shift, and DCTIF 8 tap is implemented using multiplication and adder. Also Bi/Single filter is implemented using multiplication and adder style. So, if Bi/Single filter will be refined as adder and shift style, we believe that encoding and decoding time of DCTIF 12 tap will be almost same as DCTIF 12 tap.
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