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1 Introduction
Bi-pred/Single pred MC filter switching was proposed in JCT-VC A103 as a response of Call for Proposal. This contribution provides the additional information. In this technique, MC interpolation filters are designed for single pred and bi-pred. The MC filter sets are switched if MB pred mode is single pred or bi-pred at MB level. Two tap bi-linear low pass filter is applied when MB is encoded as bi-pred and it removes high frequency component too much in some cases. The coding efficiency can be improved by enhancing mid frequency for bi-pred. This contribution provides simulation results for this tool. The average BD bitarte gain is about -1.0 % and the maximum gain is about -14.9 %. This contribution also provides complexity analysis.
1.1 Bi-pred / Single pred filter switch
When Bi-pred is used, strong low pass filter is applied by 2 tap filter. It reduces the efficiency in B-picture. Coding efficiency can be improved to design interpolation filter for bi-pred taking such strong low pass characteristics into account. Two sets of interpolation filter coefficients are used in B-picture. One is for single pred and the other is for bi-pred.
1.1.1 Interpolation filter for single pred and bi-pred
Due to the loss of high frequency using 2 tap average filter we propose to transmit two sets of filter coefficients for adaptive Bi/single separable filters. For bi-pred, we expect to improve the quality of reconstructed picture by designing interpolation filter that enhances the mid-frequency range in order to compensate for high frequency loss due to 2 tap filter.
For single pred, enhancement of mid frequency range enhances, unnecessarily, the high frequency, which could result in reduced coding efficiency. Suppression of high frequency is thus more desirable for single prediction.
1.1.2 Frequency response of interpolation filter 
The example of frequency response of interpolation filter for single pred and bi-pred is described in this sub clause. Figure 1 shows examples of frequency response of filter coefficient at half pel position. The frequency is normalized so that the Nyquist frequency is 0.5 rad. Blue, green and red line correspond with interpolation filter for bi-pred in B picture, single pred in B picture and single pred in P picture.
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Figure 1: Frequency response for half pel position
As shown in this figure, the amplitude around 0.25 rad (mid frequency) is rather enhanced for bi-pred (blue line). The frequency response for single pred (red line) is similar to the conventional MC interpolation filter, e.g. AVC 6 tap interpolation filter. The filter for bi-pred in B picture has stronger low pass characteristics. It reduces high frequency component and enables to keep low frequency component more accurately.
2 Proposal
The scheme to switch MC interpolation filter can be applied to various interpolation methods. In this contribution, two ways to apply bi-pred / single pred switching are proposed. One way is to apply this to conventional fixed interpolation filter, and the other is to apply to adaptive interpolation filter.
2.1 Bi/Single filter switching in FIF case
2.1.1 Separable fixed interpolation filter (SFIF)
In AVC, 2 tap interpolation filter is used for MC interpolation filter at 1/2 pel position and 6 tap filter is used at 1/4 pel position. In our 6 tap separable interpolation filter is used for MC interpolation at all pixel positions. The definition of the sub pel position is the same as Figure 2. Figure 2 indicates the sub pel position for MC interpolation. The light blue squares are the reference pixels stored in coded picture buffer. E, F, G, H, I, J are integer pixels. h[sub pel][z] is the z-th filter coefficient at the sub pel position. 
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Figure 2: Sub pel position

The interpolation filter is defined as Equation 1 and Equation 2. In case of AVC, to calculate quarter pel, rounding and clipping is done to obtain half pel (b-position). It reduces the accuracy of the prediction, because of the accumulation of error. In our proposal, both quarter pel and half pel value are derived directly by separable interpolation filter as specified in Equation 1 and Equation 2. 

Step 1:
Horizontal interpolation is applied to derive pixels a, b and c using Equation 1.
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Equation 1: Horizontal interpolation filter
The pixels a1-a5, b1-b5, c1-c5 are derived in the same way as specified in Equation 1. The following filter coefficients are used. Here, we know that Bi/Single filter has 3 sets of filter coefficient as introduced in 1.2. The Bi/Single filter switch those filter set whether bi-pred or single-pred and slice type is used.
For single-pred in P slice
· h[a][0] = h[c][5] = 3 /128

· h[a][1] = h[c][4] = -14 /128

· h[a][2] = h[c][3] = 111 /128

· h[a][3] = h[c][2] = 36, /128

· h[a][4] = h[c][1] = -9 /128

· h[a][5] = h[c][0] = 1 /128

· h[b][0] = h[b][5] = 3 /128

· h[b][1] = h[b][4] = -15 /128

· h[b][2] = h[b][3] = 76 /128

For single-pred in B slice
· h[a][0] = h[c][5] = 0 /128

· h[a][1] = h[c][4] = -5 /128

· h[a][2] = h[c][3] = 97 /128

· h[a][3] = h[c][2] = 47 /128

· h[a][4] = h[c][1] = -15 /128

· h[a][5] = h[c][0] = 3 /128

· h[b][0] = h[b][5] = 3 /128

· h[b][1] = h[b][4] = -15 /128

· h[b][2] = h[b][3] = 76 /128

For bi-pred
· h[a][0] = h[c][5] = 8 /128

· h[a][1] = h[c][4] = -28 /128

· h[a][2] = h[c][3] = 129 /128

· h[a][3] = h[c][2] = 26 /128

· h[a][4] = h[c][1] = -7 /128

· h[a][5] = h[c][0] = 0 /128

· h[b][0] = h[b][5] = 6 /128

· h[b][1] = h[b][4] = -23 /128

· h[b][2] = h[b][3] = 81 /128

In order to obtain e, f, g, i, j, k, m, n, o positions, the values of a1-a5, b1-b5, c1-c5 positions are necessary and those values are stored at memory.
Step 2:
Vertical interpolation is applied to derive pixels d-o using 
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Equation 2: Vertical interpolation filter

The following filter coefficients are used.

For single-pred in P slice
· h[d][0] = h[e][0] = h[f][0] = h[g][0] = h[l][5] = h[m][5] = h[n][5] = h[o][5] = 3 /128

· h[d][1] = h[e][1] = h[f][1] = h[g][1] = h[l][4] = h[m][4] = h[n][4] = h[o][4] = -14 /128

· h[d][2] = h[e][2] = h[f][2] = h[g][2] = h[l][3] = h[m][3] = h[n][3] = h[o][3] = 111 /128

· h[d][3] = h[e][3] = h[f][3] = h[g][3] = h[l][2] = h[m][2] = h[n][2] = h[o][2] = 36 /128

· h[d][4] = h[e][4] = h[f][4] = h[g][4] = h[l][1] = h[m][1] = h[n][1] = h[o][1] = -9 /128

· h[d][5] = h[e][5] = h[f][5] = h[g][5] = h[l][0] = h[m][0] = h[n][0] = h[o][0] = 1 /128

· h[h][0] = h[i][0] = h[j][0] = h[k][0] = h[h][5] = h[i][5] = h[j][5] = h[k][5] = 3 /128

· h[h][1] = h[i][1] = h[j][1] = h[k][1] = h[h][4] = h[i][4] = h[j][4] = h[k][4] = -15 /128

· h[h][2] = h[i][2] = h[j][2] = h[k][2] = h[h][3] = h[i][3] = h[j][3] = h[k][3] = 76 /128

For single-pred in B slice

· h[d][0] = h[e][0] = h[f][0] = h[g][0] = h[l][5] = h[m][5] = h[n][5] = h[o][5] = 0 /128

· h[d][1] = h[e][1] = h[f][1] = h[g][1] = h[l][4] = h[m][4] = h[n][4] = h[o][4] = -5 /128

· h[d][2] = h[e][2] = h[f][2] = h[g][2] = h[l][3] = h[m][3] = h[n][3] = h[o][3] = 97 /128

· h[d][3] = h[e][3] = h[f][3] = h[g][3] = h[l][2] = h[m][2] = h[n][2] = h[o][2] = 47 /128

· h[d][4] = h[e][4] = h[f][4] = h[g][4] = h[l][1] = h[m][1] = h[n][1] = h[o][1] = -15 /128

· h[d][5] = h[e][5] = h[f][5] = h[g][5] = h[l][0] = h[m][0] = h[n][0] = h[o][0] = 4 /128

· h[h][0] = h[i][0] = h[j][0] = h[k][0] = h[h][5] = h[i][5] = h[j][5] = h[k][5] = 1 /128

· h[h][1] = h[i][1] = h[j][1] = h[k][1] = h[h][4] = h[i][4] = h[j][4] = h[k][4] = -10 /128

· h[h][2] = h[i][2] = h[j][2] = h[k][2] = h[h][3] = h[i][3] = h[j][3] = h[k][3] = 73 /128

For Bi-pred
· h[d][0] = h[e][0] = h[f][0] = h[g][0] = h[l][5] = h[m][5] = h[n][5] = h[o][5] = 8 /128

· h[d][1] = h[e][1] = h[f][1] = h[g][1] = h[l][4] = h[m][4] = h[n][4] = h[o][4] = -28 /128

· h[d][2] = h[e][2] = h[f][2] = h[g][2] = h[l][3] = h[m][3] = h[n][3] = h[o][3] = 129 /128

· h[d][3] = h[e][3] = h[f][3] = h[g][3] = h[l][2] = h[m][2] = h[n][2] = h[o][2] = 26 /128

· h[d][4] = h[e][4] = h[f][4] = h[g][4] = h[l][1] = h[m][1] = h[n][1] = h[o][1] = -7 /128

· h[d][5] = h[e][5] = h[f][5] = h[g][5] = h[l][0] = h[m][0] = h[n][0] = h[o][0] = 0 /128

· h[h][0] = h[i][0] = h[j][0] = h[k][0] = h[h][5] = h[i][5] = h[j][5] = h[k][5] = 6 /128

· h[h][1] = h[i][1] = h[j][1] = h[k][1] = h[h][4] = h[i][4] = h[j][4] = h[k][4] = -23 /128

· h[h][2] = h[i][2] = h[j][2] = h[k][2] = h[h][3] = h[i][3] = h[j][3] = h[k][3] = 81 /128

Therefore, the number of filter coefficients in Equation 1 and Equation 2 is 18. The filter coefficient is fixed for entire sequence for SFIF.
2.2 Bi/Single filter switching in AIF case
2.2.1 Separable adaptive interpolation filter (SAIF) and coefficients reduction in B-slice
2.2.1.1 Separable adaptive interpolation filter with overhead reduction
6 tap separable adaptive Wiener filter is used for MC interpolation filter. This method is referred to as “SAIF”. SAIF filter coefficients are encoded in each slice. The different symmetry assumption is applied to P and B slice to reduce the number of interpolation filter coefficients (overhead).
2.2.1.2 Background
The size of generated bits in B-slices is normally lower than that in P or I slices, especially at low bit rate (large QP). The size of SAIF filter coefficients (overhead) becomes a large portion of the generated bits in B-slice. The examples of the amount of generated bits in B-slice are shown in Figure 3.
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Figure 3: The size of generated bits in B slice
The vertical axis is the average generated bits in logarithmic scale and the horizontal axis is QP. When QP is large, the size of generated bits is lower than 1000 bits/picture in some cases, especially for small picture.
Without SAIF filter coefficients reduction, the size of SAIF filter coefficients (51 coefficients by encoding UVLC) is about 400-500 bits/picture. The portion of the SAIF filter coefficients (overhead) is larger and can not therefore be ignored. Due to this overhead, R&D optimization does not select often SAIF thus resulting in lower gain in B-slice. Reduction of SAIF filter coefficients is therefore the key to improve coding efficiency of SAIF in B-slice. 
In order to reduce the size of SAIF filter coefficients, strong symmetry assumption is applied.
2.2.1.3 Method to reduce filter coefficients
The method to reduce filter coefficients in B-slice is explained in this sub-clause. The definition of MC interpolation filter is the same as SFIF specified by Equation 1 and Equation 2. But in case of SAIF, the number of filter coefficients of those equations is 51. The strong symmetry assumption shown in Table 1 is introduced for B picture to reduce the number of filter coefficients. If single/bi-pred filter separation is used in B slice, two sets of filter coefficients are encoded. In this case, total number of filter coefficients for B slice is 36.
	Sub pel position
	P slice
	B slice

	a
	6
	6

	b
	3
	3

	c
	6
	same as reflection of a

	d
	6
	6

	e
	6
	same as reflection of d

	f
	6
	same as reflection of d

	g
	6
	same as reflection of d

	h
	3
	3

	i
	3
	same as h

	j
	3
	same as h

	k
	3
	same as h

	l
	same as reflection of d
	same as reflection of d

	m
	same as reflection of e
	same as reflection of d

	n
	same as reflection of f
	same as reflection of d

	o
	same as reflection of g
	same as reflection of d

	Total of number of coefficients
	51
	18 (36 if two sets of filters are used)


Table 1: Number of filter coefficients

The example of bit reduction of over head is shown in Figure 4. 

[image: image9]
Figure 4: The number of bits of filter coefficients
3 Complexity analysis

The complexity of Bi/Single filter switching for FIF and AIF is investigated in this sub-clause. The additional complexity to FIF and AIF is small. 
3.1 FIF case
The complexity of Bi/Single filter switching for separable fixed interpolation filter is investigated. 
3.1.1 Encoder complexity
During ME, filter coefficients at sub pel position need to be changed, In case of software implementation, encoder needs to calculate reference image for bi-pred at sub pel position, in addition to conventional FIF.
3.1.2 Decoder complexity
Decoder needs to switch MC interpolation filter depending on prediction mode (whether bi-pred or not). three sets of FIF are predefined and stored at register,

3.2 AIF case
The complexity of Bi/Single filter switching for separable adaptive interpolation filter is investigated. 
3.2.1 Encoder complexity
Complexity and memory analysis

The filter coefficients of adaptive interpolation filter are determined by frame level 2 pass encoding. In the first pass, 
In the first pass, SFIF interpolation filter is used for ME and MC. Then MV, reference picture index, and single/bi-pred for each MB are obtained. Using these information, wiener filter coefficients are derived by LMSE method solving Wiener-Hopf equation. In the second pass, interpolation mode (fixed interpolation filter or adaptive interpolation filter) is determined by Lagrange optimization.
Memory
For P slice, and for half-pel position, each auto-correlation matrix is 3x3 , and cross-correlation vector is 3 and its corresponding filter is 3. For quarter-pel position, each auto-correlation matrix is 6x6 , and cross-correlation vector is 6 and its corresponding filter is 6. For quarter-pel position, there is 6 filters ( each a, c, d, e, f, and g-position ). For half-pel position, there is 5 filters (each b, h, i, j, and k-position).
1) For half-pel, 5 x (3x3) matrix and vector for auto-correlation and cross- correlation.

2) For quarter pel 6 x (6x6) matrix and vector for auto-correlation and cross- correlation
3) 5 x 3 filter coefficients for half-pel, and 6 x 6 filter coefficients for quarter-pel.

For B slice, and for quarter-pel position, there is 2 filters (each a, and d-position). For half-pel position, there is 2 filters (each b, and h -position). (Please see table 1)

And theses filter is added to bi-pred interpolation in B slice. Thus,

4) For half-pel, 2 x 2 x (3x3) matrix and vector for auto-correlation and cross- correlation.

5) For quarter pel 2 x 2 x (6x6) matrix and vector for auto-correlation and cross- correlation
6) 2 x 2 x 3 filter coefficients for half-pel, and 2 x 2 x 6 filter coefficients for quarter-pel.
Computation

1) Filter Coefficients Derivation: Solve a system of 6 linear equations. Using Gaussian elimination approach the number of operations (additions + multiplications + divisions) can be estimated as: (2x6x6x6)/3 x11 (for 11 directions)

2) Filter Application: 63 multiplication, 84 addition, 6 shift as division per pixel. Please see table 20.

3) Cross-Correlation calculation: 6X6 multiplications + 6X6 additions per pixel
4) Auto-Correlation calculation: 6X6 multiplications + 6X6 additions per pixel
3.2.1.1 Additional Memory from conventional SAIF
Complexity and memory analysis

In addition to the complexity of SAIF, the derivation of filter coefficients for bi-pred is necessary at encoder. To obtain filter coefficients, Wiener-Hopf equation (6x6) is solved. Correlation function, auto-correlation function are necessary. 
Memory
Required memory to store is double of conventional AIF. 
Computation

Required computation is double of conventional AIF.
3.2.2 Decoder complexity
Decoder needs to switch MC interpolation filter depending on prediction mode (whether bi-pred or not). three sets of FIF are predefined and stored at register,

4 Simulation result
4.1 Test conditions
Test conditions in this contribution follow the test condition for TE2 (IBDI). Common test conditions to compare all coding tools should be defined in Geneva. JMKTA 2.6r1 is used.
Anchor is the same as TE2 and the following setting is used.
•
MVCompetition


= 1  # Enabled with default parameters

•
UseIntraMDDT


= 1  # Use MDDT for intra blocks    

•
UseHPFilter


= 1  # Use High Precision H.264 filter

•
UseAdaptiveLoopFilter

= 1  # Use adaptive loop filtering

•
UseExtMB



= 2  # Use extended block size (64x64)

•
InputBitDepth


= 8  # InputBitDepth for IBDI

•
BitDepthLuma


= 12 # Bit Depth for Luminance

•
BitDepthChroma


= 12 # Bit Depth for Chrominance
In addition to this, the results are compared with AVC (all new tools off). 
4.2 FIF case

Proposed method is compared with SIFO and FDIF in KTA2.6r1. For FDIF or SIFO, UseHPFilter is set to 2, 3.
4.2.1 Comparison with JMKAT with new tools ON
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Figure 8 BD% for constraint 1 (R1~R4)
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Figure 9 BD% for constraint 1 (R2~R5)
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Figure 10 BD% for constraint 2 (R1~R4)
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Figure 11 BD% for constraint 2 (R2~R5)
	Cs
	QP range
	Class
	Sequence name
	a302_BiSingle
	a302_SIFO
	a302_FDIF

	c1
	R1-R4
	A
	PeopleOnStreet
	0.00 
	0.27 
	0.11 

	　
	　
	　
	Traffic
	-0.15 
	0.01 
	0.09 

	　
	　
	A Avg.
	　
	-0.08 
	0.14 
	0.10 

	　
	　
	B
	BasketballDrive
	-0.32 
	-0.31 
	-0.58 

	　
	　
	　
	BQTerrace
	-0.43 
	0.13 
	1.94 

	　
	　
	　
	Cactus
	-0.72 
	-0.27 
	0.41 

	　
	　
	　
	Kimono1
	-0.16 
	0.06 
	-0.06 

	　
	　
	　
	ParkScene
	-0.24 
	0.20 
	0.32 

	　
	　
	B Avg.
	　
	-0.37 
	-0.04 
	0.41 

	　
	　
	C
	BasketballDrill
	-0.51 
	0.21 
	-0.16 

	　
	　
	　
	BQMall
	-0.44 
	0.36 
	-0.30 

	　
	　
	　
	PartyScene
	-0.44 
	0.23 
	1.10 

	　
	　
	　
	RaceHorses
	0.01 
	0.18 
	0.45 

	　
	　
	C Avg.
	　
	-0.34 
	0.25 
	0.27 

	　
	　
	D
	BasketballPass
	-0.56 
	0.87 
	0.19 

	　
	　
	　
	BlowingBubbles
	-0.77 
	1.03 
	2.11 

	　
	　
	　
	BQSquare
	-10.54 
	0.83 
	5.11 

	　
	　
	　
	RaceHorses
	-0.27 
	0.47 
	1.29 

	　
	　
	D Avg.
	　
	-3.04 
	0.80 
	2.18 

	　
	R1-R4 Avg.
	　
	　
	-1.04 
	0.29 
	0.80 

	　
	R2-R5
	A
	PeopleOnStreet
	-0.10 
	0.14 
	0.08 

	　
	　
	　
	Traffic
	-0.06 
	0.01 
	0.03 

	　
	　
	A Avg.
	　
	-0.08 
	0.08 
	0.06 

	　
	　
	B
	BasketballDrive
	-0.25 
	-0.39 
	-0.72 

	　
	　
	　
	BQTerrace
	0.00 
	0.16 
	1.54 

	　
	　
	　
	Cactus
	-0.95 
	-0.45 
	0.54 

	　
	　
	　
	Kimono1
	-0.05 
	-0.04 
	0.08 

	　
	　
	　
	ParkScene
	-0.41 
	0.03 
	0.70 

	　
	　
	B Avg.
	　
	-0.33 
	-0.14 
	0.43 

	　
	　
	C
	BasketballDrill
	-0.48 
	0.07 
	-0.10 

	　
	　
	　
	BQMall
	-0.70 
	0.09 
	-0.33 

	　
	　
	　
	PartyScene
	-0.95 
	0.00 
	1.63 

	　
	　
	　
	RaceHorses
	-0.05 
	-0.05 
	0.77 

	　
	　
	C Avg.
	　
	-0.54 
	0.03 
	0.49 

	　
	　
	D
	BasketballPass
	-0.94 
	0.12 
	0.12 

	　
	　
	　
	BlowingBubbles
	-1.30 
	0.42 
	2.62 

	　
	　
	　
	BQSquare
	-14.65 
	0.55 
	3.06 

	　
	　
	　
	RaceHorses
	-0.30 
	0.07 
	2.01 

	　
	　
	D Avg.
	　
	-4.30 
	0.29 
	1.95 

	　
	R2-R5 Avg.
	　
	　
	-1.41 
	0.05 
	0.80 

	c1 Avg.
	　
	　
	　
	-1.22 
	0.17 
	0.80 

	c2
	R1-R4
	A
	PeopleOnStreet
	-0.19 
	　
	　

	　
	　
	　
	Traffic
	-0.87 
	
	

	　
	　
	A Avg.
	　
	-0.53 
	　
	　

	　
	　
	B
	BasketballDrive
	0.26 
	-0.96 
	-1.23 

	　
	　
	　
	BQTerrace
	-1.79 
	-0.30 
	3.05 

	　
	　
	　
	Cactus
	-0.19 
	-0.12 
	0.25 

	　
	　
	　
	Kimono1
	0.12 
	-0.18 
	-0.43 

	　
	　
	　
	ParkScene
	-0.06 
	-0.45 
	0.40 

	　
	　
	B Avg.
	　
	-0.33 
	-0.40 
	0.41 

	　
	　
	C
	BasketballDrill
	-0.35 
	-0.75 
	-1.29 

	　
	　
	　
	BQMall
	0.05 
	-0.37 
	-0.82 

	　
	　
	　
	PartyScene
	1.31 
	-0.84 
	2.28 

	　
	　
	　
	RaceHorses
	-0.09 
	-0.82 
	0.02 

	　
	　
	C Avg.
	　
	0.23 
	-0.69 
	0.05 

	　
	　
	D
	BasketballPass
	0.19 
	-0.10 
	-1.21 

	　
	　
	　
	BlowingBubbles
	0.42 
	0.84 
	1.90 

	　
	　
	　
	BQSquare
	-3.88 
	0.99 
	10.92 

	　
	　
	　
	RaceHorses
	0.25 
	-0.10 
	1.25 

	　
	　
	D Avg.
	　
	-0.75 
	0.41 
	3.22 

	　
	R1-R4 Avg.
	　
	　
	-0.32 
	-0.24 
	1.16 

	　
	R2-R5
	A
	PeopleOnStreet
	-0.17 
	　
	　

	　
	　
	　
	Traffic
	-1.01 
	
	

	　
	　
	A Avg.
	　
	-0.59 
	　
	　

	　
	　
	B
	BasketballDrive
	0.33 
	-0.86 
	-1.20 

	　
	　
	　
	BQTerrace
	-1.74 
	-0.26 
	2.89 

	　
	　
	　
	Cactus
	-0.37 
	-0.18 
	0.23 

	　
	　
	　
	Kimono1
	0.17 
	-0.20 
	-0.35 

	　
	　
	　
	ParkScene
	-0.29 
	-0.27 
	0.85 

	　
	　
	B Avg.
	　
	-0.38 
	-0.36 
	0.48 

	　
	　
	C
	BasketballDrill
	-0.44 
	-1.00 
	-1.56 

	　
	　
	　
	BQMall
	-0.29 
	-0.49 
	-0.91 

	　
	　
	　
	PartyScene
	0.99 
	-0.76 
	2.83 

	　
	　
	　
	RaceHorses
	-0.15 
	-1.00 
	0.26 

	　
	　
	C Avg.
	　
	0.03 
	-0.81 
	0.16 

	　
	　
	D
	BasketballPass
	0.38 
	-0.07 
	-0.78 

	　
	　
	　
	BlowingBubbles
	-0.01 
	0.71 
	2.28 

	　
	　
	　
	BQSquare
	-4.96 
	0.53 
	7.10 

	　
	　
	　
	RaceHorses
	0.29 
	-0.28 
	1.60 

	　
	　
	D Avg.
	　
	-1.07 
	0.22 
	2.55 

	　
	R2-R5 Avg.
	　
	　
	-0.48 
	-0.32 
	1.02 

	c2 Avg.
	　
	　
	　
	-0.40 
	-0.28 
	1.09 


Table 2 BD% in FIF case, all KTA tools are ON
4.2.2 Comparison with AVC ( All new tools OFF )
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Figure 12 BD% for constraint 1 (R1~R4)
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Figure 13 BD% for constraint 1 (R2~R5)
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Figure 14 BD% for constraint 2 (R1~R4)
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Figure 15 BD% for constraint 2 (R2~R5)
	Cs
	QP range
	Class
	Sequence name
	BiSingle
	HPF
	SIFO

	c1
	R1-R4
	A
	PeopleOnStreet
	-0.36 
	-0.11 
	-0.17 

	　
	　
	　
	Traffic
	-2.70 
	-2.61 
	-2.76 

	　
	　
	A Avg.
	　
	-1.53 
	-1.36 
	-1.47 

	　
	　
	B
	BasketballDrive
	-1.22 
	-0.86 
	-2.69 

	　
	　
	　
	BQTerrace
	-10.00 
	-8.50 
	-12.11 

	　
	　
	　
	Cactus
	-1.48 
	-0.95 
	-1.11 

	　
	　
	　
	Kimono1
	-2.41 
	-2.42 
	-3.01 

	　
	　
	　
	ParkScene
	-2.10 
	-1.97 
	-1.95 

	　
	　
	B Avg.
	　
	-3.44 
	-2.94 
	-4.17 

	　
	　
	C
	BasketballDrill
	-0.80 
	-0.19 
	-1.44 

	　
	　
	　
	BQMall
	-1.64 
	-0.73 
	-1.52 

	　
	　
	　
	PartyScene
	-2.76 
	-0.62 
	-0.82 

	　
	　
	　
	RaceHorses
	-0.50 
	-0.27 
	-1.57 

	　
	　
	C Avg.
	　
	-1.42 
	-0.45 
	-1.34 

	　
	　
	D
	BasketballPass
	-1.62 
	-0.81 
	-1.15 

	　
	　
	　
	BlowingBubbles
	-2.98 
	-0.79 
	-1.14 

	　
	　
	　
	BQSquare
	-20.54 
	-1.28 
	-0.94 

	　
	　
	　
	RaceHorses
	-0.72 
	-0.50 
	-1.45 

	　
	　
	D Avg.
	　
	-6.46 
	-0.84 
	-1.17 

	　
	R1-R4 Avg.
	　
	　
	-3.46 
	-1.51 
	-2.26 

	　
	R2-R5
	A
	PeopleOnStreet
	-0.55 
	-0.26 
	-0.47 

	　
	　
	　
	Traffic
	-3.38 
	-3.56 
	-3.84 

	　
	　
	A Avg.
	　
	-1.97 
	-1.91 
	-2.15 

	　
	　
	B
	BasketballDrive
	-1.61 
	-1.13 
	-3.43 

	　
	　
	　
	BQTerrace
	-10.99 
	-9.57 
	-12.50 

	　
	　
	　
	Cactus
	-2.14 
	-1.43 
	-1.92 

	　
	　
	　
	Kimono1
	-3.35 
	-3.38 
	-4.50 

	　
	　
	　
	ParkScene
	-2.81 
	-2.60 
	-2.65 

	　
	　
	B Avg.
	　
	-4.18 
	-3.62 
	-5.00 

	　
	　
	C
	BasketballDrill
	-1.43 
	-0.38 
	-1.94 

	　
	　
	　
	BQMall
	-2.32 
	-0.96 
	-2.04 

	　
	　
	　
	PartyScene
	-4.58 
	-0.55 
	-0.86 

	　
	　
	　
	RaceHorses
	-0.81 
	-0.40 
	-1.71 

	　
	　
	C Avg.
	　
	-2.29 
	-0.57 
	-1.64 

	　
	　
	D
	BasketballPass
	-2.30 
	-0.98 
	-1.69 

	　
	　
	　
	BlowingBubbles
	-5.26 
	-1.03 
	-1.65 

	　
	　
	　
	BQSquare
	-23.60 
	-1.72 
	-1.77 

	　
	　
	　
	RaceHorses
	-1.01 
	-0.61 
	-1.51 

	　
	　
	D Avg.
	　
	-8.04 
	-1.09 
	-1.66 

	　
	R2-R5 Avg.
	　
	　
	-4.41 
	-1.90 
	-2.83 

	c1 Avg.
	　
	　
	　
	-3.93 
	-1.71 
	-2.54 

	c2
	R1-R4
	B
	BasketballDrive
	-1.18 
	-1.59 
	-4.33 

	　
	　
	　
	BQTerrace
	-9.64 
	-8.94 
	-14.87 

	　
	　
	　
	Cactus
	-0.47 
	-0.74 
	-2.41 

	　
	　
	　
	Kimono1
	-3.92 
	-4.33 
	-6.55 

	　
	　
	　
	ParkScene
	-5.72 
	-6.22 
	-6.86 

	　
	　
	B Avg.
	　
	-4.19 
	-4.37 
	-7.00 

	　
	　
	C
	BasketballDrill
	-0.45 
	-0.95 
	-2.18 

	　
	　
	　
	BQMall
	-1.05 
	-1.23 
	-2.84 

	　
	　
	　
	PartyScene
	-2.10 
	-2.12 
	-3.19 

	　
	　
	　
	RaceHorses
	-0.54 
	-0.98 
	-2.51 

	　
	　
	C Avg.
	　
	-1.04 
	-1.32 
	-2.68 

	　
	　
	D
	BasketballPass
	-0.14 
	-0.89 
	-2.82 

	　
	　
	　
	BlowingBubbles
	-2.20 
	-1.92 
	-2.82 


	　
	　
	　
	BQSquare
	-7.53 
	-2.64 
	-2.28 

	　
	　
	　
	RaceHorses
	0.00 
	-0.83 
	-2.22 

	　
	　
	D Avg.
	　
	-2.47 
	-1.57 
	-2.53 

	　
	　
	E
	vidyo1
	-3.78 
	-4.17 
	-10.43 

	　
	　
	　
	vidyo3
	-5.59 
	-4.13 
	-4.52 

	　
	　
	　
	vidyo4
	0.93 
	0.13 
	-2.86 

	　
	　
	E Avg.
	　
	-2.81 
	-2.72 
	-5.94 

	　
	R1-R4 Avg.
	　
	　
	-2.71 
	-2.60 
	-4.61 

	　
	R2-R5
	B
	BasketballDrive
	-1.27 
	-1.65 
	-5.15 

	　
	　
	　
	BQTerrace
	-8.22 
	-8.18 
	-13.55 

	　
	　
	　
	Cactus
	-0.72 
	-0.79 
	-2.93 

	　
	　
	　
	Kimono1
	-3.67 
	-4.22 
	-7.25 

	　
	　
	　
	ParkScene
	-4.60 
	-5.10 
	-5.79 

	　
	　
	B Avg.
	　
	-3.70 
	-3.99 
	-6.93 

	　
	　
	C
	BasketballDrill
	-0.45 
	-0.92 
	-2.57 

	　
	　
	　
	BQMall
	-1.21 
	-1.19 
	-3.30 

	　
	　
	　
	PartyScene
	-1.99 
	-1.70 
	-2.66 

	　
	　
	　
	RaceHorses
	-0.64 
	-0.88 
	-2.54 

	　
	　
	C Avg.
	　
	-1.07 
	-1.17 
	-2.77 

	　
	　
	D
	BasketballPass
	-0.39 
	-1.00 
	-3.21 

	　
	　
	　
	BlowingBubbles
	-2.36 
	-1.67 
	-2.40 

	　
	　
	　
	BQSquare
	-8.53 
	-2.66 
	-2.27 

	　
	　
	　
	RaceHorses
	0.12 
	-0.77 
	-1.93 

	　
	　
	D Avg.
	　
	-2.79 
	-1.52 
	-2.45 

	　
	　
	E
	vidyo1
	-4.00 
	-4.82 
	-12.95 

	　
	　
	　
	vidyo3
	-5.39 
	-3.61 
	-4.93 

	　
	　
	　
	vidyo4
	0.91 
	0.00 
	-4.29 

	　
	　
	E Avg.
	　
	-2.83 
	-2.81 
	-7.39 

	　
	R2-R5 Avg.
	　
	　
	-2.65 
	-2.45 
	-4.86 

	c2 Avg.
	　
	　
	　
	-2.68 
	-2.52 
	-4.73 


Table 3 BD% in FIF case, all KTA tools are OFF

4.3 AIF case
In addition to the test condition in TE2 (A302), the proposal is compared with JMKTA with new tools except AIF. 

Note: 
· “AIF_BiSingle”: Separable FIF (No Bi/Single) + Separable AIF (used BiSingle)

· “AIF_SAIF”: HPF + Separable AIF ( UseAdaptiveFilter = 2 )

· “AIF_EAIF”: HPF + Enhanced AIF ( UseAdaptiveFilter = 5 )
4.3.1 Comparison with JMKTA (All KTA new tools are OFF except AIF)
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Figure 16 BD% for constraint 1 (R1~R4)
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Figure 17 BD% for constraint 1 (R2~R5)
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Figure 18 BD% for constraint 2 (R1~R4)
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Figure 19 BD% for constraint 2 (R2~R5)
	Cs
	QP range
	Class
	Sequence name
	AIF_BiSingle
	AIF_EAIF
	AIF_SAIF
	総計

	c1
	R1-R4
	A
	PeopleOnStreet
	-2.02 
	-1.92 
	-1.50 
	-1.81 

	　
	　
	　
	Traffic
	-4.89 
	-7.78 
	-4.25 
	-5.64 

	　
	　
	A Avg.
	　
	-3.45 
	-4.85 
	-2.88 
	-3.73 

	　
	　
	B
	BasketballDrive
	-3.57 
	-2.48 
	-3.15 
	-3.07 

	　
	　
	　
	BQTerrace
	-16.04 
	-16.71 
	-14.76 
	-15.84 

	　
	　
	　
	Cactus
	-2.42 
	-3.03 
	-1.84 
	-2.43 

	　
	　
	　
	Kimono1
	-4.56 
	-3.26 
	-3.46 
	-3.76 

	　
	　
	　
	ParkScene
	-3.08 
	-2.40 
	-2.30 
	-2.59 

	　
	　
	B Avg.
	　
	-5.93 
	-5.58 
	-5.10 
	-5.54 

	　
	　
	C
	BasketballDrill
	-2.15 
	-3.67 
	-2.00 
	-2.60 

	　
	　
	　
	BQMall
	-2.92 
	-3.04 
	-2.48 
	-2.81 

	　
	　
	　
	PartyScene
	-4.36 
	-2.77 
	-3.18 
	-3.43 

	　
	　
	　
	RaceHorses
	-0.91 
	-0.99 
	-1.11 
	-1.01 

	　
	　
	C Avg.
	　
	-2.58 
	-2.62 
	-2.19 
	-2.46 

	　
	　
	D
	BasketballPass
	-1.51 
	-2.17 
	-1.82 
	-1.83 

	　
	　
	　
	BlowingBubbles
	-2.36 
	-1.70 
	-1.89 
	-1.98 

	　
	　
	　
	BQSquare
	-16.25 
	-7.83 
	-10.36 
	-11.48 

	　
	　
	　
	RaceHorses
	0.08 
	-0.82 
	-0.75 
	-0.50 

	　
	　
	D Avg.
	　
	-5.01 
	-3.13 
	-3.70 
	-3.95 

	　
	R1-R4 Avg.
	　
	　
	-4.46 
	-4.04 
	-3.66 
	-4.05 

	　
	R2-R5
	A
	PeopleOnStreet
	-2.40 
	-2.15 
	-1.66 
	-2.07 

	　
	　
	　
	Traffic
	-5.74 
	-7.59 
	-4.98 
	-6.10 

	　
	　
	A Avg.
	　
	-4.07 
	-4.87 
	-3.32 
	-4.09 

	　
	　
	B
	BasketballDrive
	-4.26 
	-2.89 
	-3.75 
	-3.63 

	　
	　
	　
	BQTerrace
	-16.24 
	-16.08 
	-14.69 
	-15.67 

	　
	　
	　
	Cactus
	-3.37 
	-3.63 
	-2.34 
	-3.11 

	　
	　
	　
	Kimono1
	-6.18 
	-4.18 
	-4.72 
	-5.03 

	　
	　
	　
	ParkScene
	-3.49 
	-2.92 
	-2.69 
	-3.03 

	　
	　
	B Avg.
	　
	-6.71 
	-5.94 
	-5.64 
	-6.09 

	　
	　
	C
	BasketballDrill
	-2.98 
	-4.14 
	-2.76 
	-3.29 

	　
	　
	　
	BQMall
	-3.63 
	-3.52 
	-3.02 
	-3.39 

	　
	　
	　
	PartyScene
	-5.97 
	-3.54 
	-4.20 
	-4.57 

	　
	　
	　
	RaceHorses
	-1.25 
	-1.16 
	-1.25 
	-1.22 

	　
	　
	C Avg.
	　
	-3.46 
	-3.09 
	-2.81 
	-3.12 

	　
	　
	D
	BasketballPass
	-2.50 
	-2.54 
	-2.61 
	-2.55 

	　
	　
	　
	BlowingBubbles
	-4.39 
	-2.28 
	-2.58 
	-3.08 

	　
	　
	　
	BQSquare
	-18.62 
	-8.94 
	-11.89 
	-13.15 

	　
	　
	　
	RaceHorses
	-0.47 
	-0.99 
	-0.90 
	-0.78 

	　
	　
	D Avg.
	　
	-6.49 
	-3.69 
	-4.49 
	-4.89 

	　
	R2-R5 Avg.
	　
	　
	-5.43 
	-4.44 
	-4.27 
	-4.71 

	c1 Avg.
	　
	　
	　
	-4.95 
	-4.24 
	-3.96 
	-4.38 

	c2
	R1-R4
	B
	BasketballDrive
	-7.33 
	-5.49 
	-6.85 
	-6.56 

	　
	　
	　
	BQTerrace
	-19.59 
	-20.97 
	-19.07 
	-19.88 

	　
	　
	　
	Cactus
	-3.89 
	-2.86 
	-3.29 
	-3.35 

	　
	　
	　
	Kimono1
	-9.57 
	-8.44 
	-8.93 
	-8.98 

	　
	　
	　
	ParkScene
	-7.52 
	-7.50 
	-7.13 
	-7.38 

	　
	　
	B Avg.
	　
	-9.58 
	-9.05 
	-9.05 
	-9.23 

	　
	　
	C
	BasketballDrill
	-5.27 
	-6.25 
	-4.68 
	-5.40 

	　
	　
	　
	BQMall
	-5.45 
	-6.32 
	-4.94 
	-5.57 

	　
	　
	　
	PartyScene
	-6.90 
	-6.44 
	-6.01 
	-6.45 

	　
	　
	　
	RaceHorses
	-2.38 
	-2.14 
	-2.14 
	-2.22 

	　
	　
	C Avg.
	　
	-5.00 
	-5.29 
	-4.44 
	-4.91 

	　
	　
	D
	BasketballPass
	-4.22 
	-3.34 
	-2.84 
	-3.46 

	　
	　
	　
	BlowingBubbles
	-4.16 
	-4.34 
	-4.37 
	-4.29 

	　
	　
	　
	BQSquare
	-12.68 
	-9.26 
	-13.05 
	-11.67 

	　
	　
	　
	RaceHorses
	-0.57 
	-1.09 
	-1.13 
	-0.93 

	　
	　
	D Avg.
	　
	-5.41 
	-4.51 
	-5.35 
	-5.09 

	　
	　
	E
	vidyo1
	-9.18 
	-13.23 
	-8.09 
	-10.16 

	　
	　
	　
	vidyo3
	-9.68 
	-11.93 
	-9.14 
	-10.25 

	　
	　
	　
	vidyo4
	-8.72 
	-8.16 
	-7.89 
	-8.26 

	　
	　
	E Avg.
	　
	-9.19 
	-11.11 
	-8.37 
	-9.56 

	　
	R1-R4 Avg.
	　
	　
	-7.32 
	-7.36 
	-6.85 
	-7.18 

	　
	R2-R5
	B
	BasketballDrive
	-8.35 
	-5.54 
	-7.92 
	-7.27 

	　
	　
	　
	BQTerrace
	-17.56 
	-18.86 
	-17.24 
	-17.88 

	　
	　
	　
	Cactus
	-4.44 
	-2.69 
	-3.91 
	-3.68 

	　
	　
	　
	Kimono1
	-10.35 
	-8.75 
	-9.63 
	-9.58 

	　
	　
	　
	ParkScene
	-6.04 
	-5.98 
	-5.82 
	-5.95 

	　
	　
	B Avg.
	　
	-9.35 
	-8.36 
	-8.90 
	-8.87 

	　
	　
	C
	BasketballDrill
	-6.28 
	-7.00 
	-5.45 
	-6.24 

	　
	　
	　
	BQMall
	-6.00 
	-6.11 
	-5.61 
	-5.91 


	　
	　
	　
	PartyScene
	-6.48 
	-5.91 
	-5.87 
	-6.09 

	　
	　
	　
	RaceHorses
	-2.80 
	-2.10 
	-2.50 
	-2.47 

	　
	　
	C Avg.
	　
	-5.39 
	-5.28 
	-4.86 
	-5.18 

	　
	　
	D
	BasketballPass
	-4.74 
	-3.85 
	-3.77 
	-4.12 

	　
	　
	　
	BlowingBubbles
	-4.33 
	-4.28 
	-4.38 
	-4.33 

	　
	　
	　
	BQSquare
	-13.93 
	-9.73 
	-13.77 
	-12.48 

	　
	　
	　
	RaceHorses
	-0.66 
	-0.82 
	-1.07 
	-0.85 

	　
	　
	D Avg.
	　
	-5.91 
	-4.67 
	-5.75 
	-5.44 

	　
	　
	E
	vidyo1
	-14.28 
	-14.33 
	-12.91 
	-13.84 

	　
	　
	　
	vidyo3
	-10.71 
	-11.79 
	-10.30 
	-10.93 

	　
	　
	　
	vidyo4
	-11.49 
	-9.39 
	-10.70 
	-10.52 

	　
	　
	E Avg.
	　
	-12.16 
	-11.84 
	-11.30 
	-11.77 

	　
	R2-R5 Avg.
	　
	　
	-8.03 
	-7.32 
	-7.55 
	-7.63 

	c2 Avg.
	　
	　
	　
	-7.67 
	-7.34 
	-7.20 
	-7.40 

	Overall
	　
	　
	　
	-6.35 
	-5.84 
	-5.63 
	-5.94 


Table 4 BD% in AIF case, all KTA tools are OFF
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Figure 20 BD% for constraint 1 (R1~R4)
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Figure 21 BD% for constraint 1 (R2~R5)
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Figure 22 BD% for constraint 2 (R1~R4)
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Figure 23 BD% for constraint 2 (R2~R5)
	Cs
	QP range
	Class
	Seq
	a302_AIF_BiSingle

	c1
	R1-R4
	A
	PeopleOnStreet
	-0.40 

	　
	　
	　
	Traffic
	-0.01 

	　
	　
	A Avg.
	　
	-0.21 

	　
	　
	B
	BasketballDrive
	-1.11 

	　
	　
	　
	BQTerrace
	-1.00 

	　
	　
	　
	Cactus
	-0.27 

	　
	　
	　
	Kimono1
	-0.20 

	　
	　
	　
	ParkScene
	0.04 

	　
	　
	B Avg.
	　
	-0.51 

	　
	　
	C
	BasketballDrill
	-0.54 

	　
	　
	　
	BQMall
	-0.82 

	　
	　
	　
	PartyScene
	0.11 

	　
	　
	　
	RaceHorses
	-0.22 

	　
	　
	C Avg.
	　
	-0.36 

	　
	　
	D
	BasketballPass
	0.14 

	　
	　
	　
	BlowingBubbles
	0.77 

	　
	　
	　
	BQSquare
	-4.07 

	　
	　
	　
	RaceHorses
	0.67 

	　
	　
	D Avg.
	　
	-0.62 

	　
	R1-R4 Avg.
	　
	　
	-0.46 

	　
	R2-R5
	A
	PeopleOnStreet
	-0.50 

	　
	　
	　
	Traffic
	-0.03 

	　
	　
	A Avg.
	　
	-0.26 

	　
	　
	B
	BasketballDrive
	-1.09 

	　
	　
	　
	BQTerrace
	-1.15 

	　
	　
	　
	Cactus
	-0.26 

	　
	　
	　
	Kimono1
	-0.11 

	　
	　
	　
	ParkScene
	0.04 

	　
	　
	B Avg.
	　
	-0.52 

	　
	　
	C
	BasketballDrill
	-0.58 

	　
	　
	　
	BQMall
	-1.14 

	　
	　
	　
	PartyScene
	-0.16 

	　
	　
	　
	RaceHorses
	-0.45 

	　
	　
	C Avg.
	　
	-0.58 

	　
	　
	D
	BasketballPass
	-0.20 

	　
	　
	　
	BlowingBubbles
	0.20 

	　
	　
	　
	BQSquare
	-6.63 

	　
	　
	　
	RaceHorses
	0.37 

	　
	　
	D Avg.
	　
	-1.56 

	　
	R2-R5 Avg.
	　
	　
	-0.78 

	c1 Avg.
	　
	　
	　
	-0.62 

	c2
	R1-R4
	B
	BasketballDrive
	-2.08 

	　
	　
	　
	BQTerrace
	-4.91 

	　
	　
	　
	Cactus
	-0.49 

	　
	　
	　
	Kimono1
	-0.87 

	　
	　
	　
	ParkScene
	-0.46 

	　
	　
	B Avg.
	　
	-1.76 

	　
	　
	C
	BasketballDrill
	-1.56 

	　
	　
	　
	BQMall
	-1.13 

	　
	　
	　
	PartyScene
	-0.04 

	　
	　
	　
	RaceHorses
	-0.82 

	　
	　
	C Avg.
	　
	-0.89 

	　
	　
	D
	BasketballPass
	-0.91 

	　
	　
	　
	BlowingBubbles
	0.82 

	　
	　
	　
	BQSquare
	-10.05 

	　
	　
	　
	RaceHorses
	0.85 

	　
	　
	D Avg.
	　
	-2.32 

	　
	　
	E
	vidyo1
	-0.28 

	　
	　
	　
	vidyo3
	0.05 

	　
	　
	　
	vidyo4
	-0.27 

	　
	　
	E Avg.
	　
	-0.17 

	　
	R1-R4 Avg.
	　
	　
	-1.39 

	　
	R2-R5
	B
	BasketballDrive
	-2.09 

	　
	　
	　
	BQTerrace
	-4.73 

	　
	　
	　
	Cactus
	-0.60 

	　
	　
	　
	Kimono1
	-0.93 

	　
	　
	　
	ParkScene
	-0.47 

	　
	　
	B Avg.
	　
	-1.77 

	　
	　
	C
	BasketballDrill
	-1.97 

	　
	　
	　
	BQMall
	-1.86 

	　
	　
	　
	PartyScene
	-0.57 

	　
	　
	　
	RaceHorses
	-1.34 

	　
	　
	C Avg.
	　
	-1.43 

	　
	　
	D
	BasketballPass
	-0.47 

	　
	　
	　
	BlowingBubbles
	-0.28 

	　
	　
	　
	BQSquare
	-11.68 

	　
	　
	　
	RaceHorses
	0.40 

	　
	　
	D Avg.
	　
	-3.01 

	　
	　
	E
	vidyo1
	-0.04 

	　
	　
	　
	vidyo3
	-0.21 

	　
	　
	　
	vidyo4
	-1.01 

	　
	　
	E Avg.
	　
	-0.42 

	　
	R2-R5 Avg.
	　
	　
	-1.74 

	c2 Avg.
	　
	　
	　
	-1.56 


Table 5 BD% in AIF case, Anchor : A302

4.4 Simulation time

To estimate complexity, simulation time is measured. The additional simulation time for Bi/Single filter switching is ignorable. 
4.4.1 FIF case (TE2 test condition)
Encoding time is average of CPU time for 5 QPs.
4.4.1.1 Encoder simulation time
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Figure 24 Encoder simulation time for Cs1
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Figure 25 Encoder simulation time for Cs2
	Cs
	Class
	Seq
	a302
	a302_BiSingle
	a302_FDIF
	a302_SIFO

	c1
	A
	PeopleOnStreet
	20425 
	20534 
	25035 
	55073 

	　
	　
	Traffic
	18087 
	18482 
	22149 
	32913 

	　
	A Avg.
	　
	19256 
	19508 
	23592 
	43993 

	　
	B
	BasketballDrive
	16706 
	17474 
	19094 
	114744 

	　
	　
	BQTerrace
	15897 
	16241 
	19545 
	58915 

	　
	　
	Cactus
	15848 
	16753 
	20301 
	53800 

	　
	　
	Kimono1
	16135 
	16740 
	22240 
	62259 

	　
	　
	ParkScene
	16051 
	16517 
	18867 
	54394 

	　
	B Avg.
	　
	16127 
	16745 
	20010 
	68822 

	　
	C
	BasketballDrill
	3737 
	3798 
	3732 
	20397 

	　
	　
	BQMall
	4128 
	4021 
	3974 
	19899 

	　
	　
	PartyScene
	3995 
	3863 
	4000 
	16728 

	　
	　
	RaceHorses
	4656 
	4757 
	4670 
	47140 

	　
	C Avg.
	　
	4129 
	4110 
	4094 
	26041 

	　
	D
	BasketballPass
	1062 
	1093 
	1067 
	3777 

	　
	　
	BlowingBubbles
	1181 
	1145 
	1169 
	6992 

	　
	　
	BQSquare
	1106 
	1159 
	1180 
	1849 

	　
	　
	RaceHorses
	1388 
	1479 
	1478 
	12931 

	　
	D Avg.
	　
	1184 
	1219 
	1223 
	6387 

	c1 Avg.
	　
	　
	9360 
	9604 
	11233 
	37454 

	c2
	B
	BasketballDrive
	14653 
	14617 
	18227 
	23130 

	　
	　
	BQTerrace
	15715 
	15614 
	17449 
	22541 

	　
	　
	Cactus
	14301 
	14547 
	18200 
	20887 

	　
	　
	Kimono1
	14633 
	14850 
	18688 
	20850 

	　
	　
	ParkScene
	15745 
	16166 
	20334 
	22699 

	　
	B Avg.
	　
	15010 
	15159 
	18580 
	22021 

	　
	C
	BasketballDrill
	3414 
	3507 
	3469 
	5438 

	　
	　
	BQMall
	3635 
	3541 
	3761 
	5598 

	　
	　
	PartyScene
	4098 
	4043 
	3965 
	6143 

	　
	　
	RaceHorses
	4449 
	4601 
	4403 
	7941 

	　
	C Avg.
	　
	3899 
	3923 
	3899 
	6280 

	　
	D
	BasketballPass
	1026 
	1033 
	1004 
	1458 

	　
	　
	BlowingBubbles
	1185 
	1154 
	1182 
	1821 

	　
	　
	BQSquare
	1265 
	1297 
	1287 
	1743 

	　
	　
	RaceHorses
	1330 
	1438 
	1410 
	2410 

	　
	D Avg.
	　
	1202 
	1230 
	1221 
	1858 

	　
	E
	vidyo1
	6580 
	6550 
	6306 
	9343 

	　
	　
	vidyo3
	6486 
	6802 
	6505 
	9389 

	　
	　
	vidyo4
	6460 
	6850 
	6713 
	10015 

	　
	E Avg.
	　
	6509 
	6734 
	6508 
	9582 

	c2 Avg.
	　
	　
	7186 
	7288 
	8306 
	10713 


Table 6 Encoder simulation time

4.4.1.2 Decoder simulation time
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Figure 26 Decoder simulation time for Cs1
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Figure 27 Decoder simulation time for Cs2
	Cs
	Class
	Sequence name
	a302
	a302_BiSingle
	a302_FDIF
	a302_SIFO

	c1
	A
	PeopleOnStreet
	83 
	73 
	77 
	123 

	　
	　
	Traffic
	72 
	74 
	80 
	147 

	　
	A Avg.
	　
	78 
	74 
	78 
	135 

	　
	B
	BasketballDrive
	74 
	73 
	72 
	152 

	　
	　
	BQTerrace
	74 
	71 
	76 
	159 

	　
	　
	Cactus
	57 
	63 
	75 
	95 

	　
	　
	Kimono1
	79 
	75 
	114 
	152 

	　
	　
	ParkScene
	77 
	74 
	78 
	162 

	　
	B Avg.
	　
	72 
	71 
	83 
	144 

	　
	C
	BasketballDrill
	12 
	13 
	11 
	22 

	　
	　
	BQMall
	14 
	13 
	11 
	20 

	　
	　
	PartyScene
	15 
	14 
	13 
	27 

	　
	　
	RaceHorses
	16 
	15 
	15 
	27 

	　
	C Avg.
	　
	14 
	14 
	12 
	24 

	　
	D
	BasketballPass
	3 
	4 
	3 
	6 

	　
	　
	BlowingBubbles
	4 
	4 
	4 
	8 

	　
	　
	BQSquare
	4 
	5 
	4 
	7 

	　
	　
	RaceHorses
	4 
	4 
	4 
	8 

	　
	D Avg.
	　
	4 
	4 
	4 
	7 

	c1 Avg.
	　
	　
	39 
	38 
	42 
	74 

	c2
	B
	BasketballDrive
	71 
	68 
	69 
	120 

	　
	　
	BQTerrace
	69 
	67 
	62 
	130 

	　
	　
	Cactus
	52 
	55 
	58 
	81 

	　
	　
	Kimono1
	95 
	75 
	78 
	124 

	　
	　
	ParkScene
	72 
	68 
	75 
	129 

	　
	B Avg.
	　
	72 
	67 
	68 
	117 

	　
	C
	BasketballDrill
	11 
	12 
	11 
	20 

	　
	　
	BQMall
	11 
	11 
	10 
	17 

	　
	　
	PartyScene
	15 
	12 
	11 
	27 

	　
	　
	RaceHorses
	17 
	18 
	14 
	26 

	　
	C Avg.
	　
	13 
	13 
	12 
	23 

	　
	D
	BasketballPass
	4 
	3 
	3 
	6 

	　
	　
	BlowingBubbles
	4 
	3 
	3 
	6 

	　
	　
	BQSquare
	4 
	4 
	3 
	8 

	　
	　
	RaceHorses
	4 
	5 
	5 
	8 

	　
	D Avg.
	　
	4 
	4 
	4 
	7 

	　
	E
	vidyo1
	24 
	24 
	19 
	31 

	　
	　
	vidyo3
	21 
	25 
	19 
	32 

	　
	　
	vidyo4
	22 
	24 
	20 
	37 

	　
	E Avg.
	　
	22 
	24 
	19 
	33 

	c2 Avg.
	　
	　
	31 
	30 
	29 
	50 


Table 7 Decoder simulation time

4.4.2 FIF case (All KTA tool off)
4.4.2.1 Encoder simulation time
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Figure 28 Encoder simulation time for Cs1
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Figure 29 Encoder simulation time for Cs2
4.4.2.2 Decode simulation time
[image: image32.emf]0

20

40

60

80

100

120

140

PeopleOnStreet Traffic BasketballDrive BQTerrace Cactus Kimono1 ParkScene BasketballDrill BQMall PartyScene RaceHorses BasketballPass BlowingBubbles BQSquare RaceHorses

A B C D

std

HPF

BiSingle

SIFO

Cs c1 Rate (すべて)

平均 / dec.time[sec]

Class Seq

Cond


Figure 30 Decoder simulation time for Cs1
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Figure 31 Decoder simulation time for Cs2
4.4.3 AIF case (All KTA tool off)
4.4.3.1 Encoder simulation time
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Figure 32 Encoder simulation time for Cs1
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Figure 33 Encoder simulation time for Cs2
	Cs
	Class
	Seq
	AIF_SAIF
	AIF_BiSingle
	AIF_EAIF

	c1
	A
	PeopleOnStreet
	12073 
	13108 
	16335 

	　
	　
	Traffic
	12766 
	13249 
	16848 

	　
	A Avg.
	　
	12420 
	13178 
	16591 

	　
	B
	BasketballDrive
	11361 
	11520 
	13107 

	　
	　
	BQTerrace
	11751 
	11958 
	14188 

	　
	　
	Cactus
	10898 
	11086 
	15158 

	　
	　
	Kimono1
	10943 
	11149 
	12969 

	　
	　
	ParkScene
	11420 
	11240 
	13287 

	　
	B Avg.
	　
	11275 
	11391 
	13742 

	　
	C
	BasketballDrill
	2880 
	3058 
	3690 

	　
	　
	BQMall
	2975 
	3054 
	3714 

	　
	　
	PartyScene
	3030 
	3158 
	3601 

	　
	　
	RaceHorses
	3076 
	3239 
	3477 

	　
	C Avg.
	　
	2990 
	3127 
	3620 

	　
	D
	BasketballPass
	725 
	756 
	879 

	　
	　
	BlowingBubbles
	750 
	809 
	921 

	　
	　
	BQSquare
	789 
	848 
	969 

	　
	　
	RaceHorses
	794 
	843 
	887 

	　
	D Avg.
	　
	764 
	814 
	914 

	c1 Avg.
	　
	　
	6415 
	6605 
	8002 

	c2
	B
	BasketballDrive
	9702 
	10170 
	11694 

	　
	　
	BQTerrace
	10461 
	10555 
	11305 

	　
	　
	Cactus
	9314 
	9426 
	11961 

	　
	　
	Kimono1
	9737 
	9678 
	11779 

	　
	　
	ParkScene
	9807 
	10068 
	11561 

	　
	B Avg.
	　
	9804 
	9979 
	11660 

	　
	C
	BasketballDrill
	2618 
	2645 
	3113 

	　
	　
	BQMall
	2734 
	2646 
	3119 

	　
	　
	PartyScene
	2819 
	2805 
	3141 

	　
	　
	RaceHorses
	2865 
	2849 
	3144 

	　
	C Avg.
	　
	2759 
	2736 
	3129 

	　
	D
	BasketballPass
	665 
	666 
	762 

	　
	　
	BlowingBubbles
	724 
	715 
	808 

	　
	　
	BQSquare
	739 
	733 
	829 

	　
	　
	RaceHorses
	744 
	755 
	815 

	　
	D Avg.
	　
	718 
	717 
	803 

	　
	E
	vidyo1
	5700 
	5670 
	7089 

	　
	　
	vidyo3
	5685 
	5747 
	6770 

	　
	　
	vidyo4
	5764 
	5779 
	6973 

	　
	E Avg.
	　
	5716 
	5732 
	6944 

	c2 Avg.
	　
	　
	5005 
	5057 
	5929 


Table 8 Encoder simulation time in AIF case
4.4.3.2 Decoder simulation time
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Figure 34 Decoder simulation time for Cs1
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Figure 35 Decoder simulation time for Cs2
	Cs
	Class
	Seq
	AIF_SAIF
	AIF_BiSingle
	AIF_EAIF

	c1
	A
	PeopleOnStreet
	56 
	59 
	93 

	　
	　
	Traffic
	59 
	59 
	130 

	　
	A Avg.
	　
	57 
	59 
	112 

	　
	B
	BasketballDrive
	53 
	52 
	75 

	　
	　
	BQTerrace
	61 
	57 
	86 

	　
	　
	Cactus
	42 
	45 
	91 

	　
	　
	Kimono1
	56 
	59 
	74 

	　
	　
	ParkScene
	56 
	58 
	75 

	　
	B Avg.
	　
	54 
	54 
	80 

	　
	C
	BasketballDrill
	10 
	10 
	18 

	　
	　
	BQMall
	11 
	10 
	14 

	　
	　
	PartyScene
	12 
	12 
	16 

	　
	　
	RaceHorses
	13 
	13 
	16 

	　
	C Avg.
	　
	11 
	12 
	16 

	　
	D
	BasketballPass
	3 
	3 
	3 

	　
	　
	BlowingBubbles
	3 
	3 
	4 

	　
	　
	BQSquare
	4 
	4 
	5 

	　
	　
	RaceHorses
	4 
	4 
	4 

	　
	D Avg.
	　
	3 
	3 
	4 

	c1 Avg.
	　
	　
	29 
	30 
	47 

	c2
	B
	BasketballDrive
	46 
	39 
	54 

	　
	　
	BQTerrace
	48 
	47 
	57 

	　
	　
	Cactus
	38 
	36 
	51 

	　
	　
	Kimono1
	52 
	49 
	58 

	　
	　
	ParkScene
	49 
	45 
	56 

	　
	B Avg.
	　
	47 
	43 
	55 

	　
	C
	BasketballDrill
	9 
	8 
	12 

	　
	　
	BQMall
	10 
	8 
	13 

	　
	　
	PartyScene
	11 
	11 
	14 

	　
	　
	RaceHorses
	12 
	12 
	14 

	　
	C Avg.
	　
	10 
	10 
	13 

	　
	D
	BasketballPass
	3 
	2 
	3 

	　
	　
	BlowingBubbles
	3 
	3 
	4 

	　
	　
	BQSquare
	3 
	3 
	4 

	　
	　
	RaceHorses
	4 
	4 
	4 

	　
	D Avg.
	　
	3 
	3 
	3 

	　
	E
	vidyo1
	17 
	16 
	20 

	　
	　
	vidyo3
	17 
	17 
	24 

	　
	　
	vidyo4
	18 
	18 
	31 

	　
	E Avg.
	　
	17 
	17 
	25 

	c2 Avg.
	　
	　
	21 
	20 
	26 


Table 9 Decoder simulation time in AIF case

4.5 Consideration for combination with SIFO
Bi/Single filter switching for FIF can be implemented with SFIO. Example of syntax change is explained in this sub clause. 
4.5.1 Syntax
	slice_header( ) {
	C
	Descriptor

	
first_lctb_in_slice
	2
	ue(v)

	
slice_type
	2
	ue(v)

	
…
	2
	ue(v)

	
slice_qp_delta
	2
	se(v)

	
alf_param()
	
	

	
if ( slice_type  = =  P  | |  slice_type  = =  B ) {
	
	

	
mc_interpolation_idc
	2
	ue(v)

	

if( slice_type = = B ) {
	
	

	


mc_interpolation_bi_idc
	2
	ue(v)

	


mc_weak_filter_pos_bi_idc
	1
	ue(v)

	

}
	
	

	
mv_competition_flag
	2
	u(1)

	…
	
	

	
	
	

	}
	
	


4.5.2 Semantics
· mc_interpolation_bi_idc : This index specifies MC interpolation filter set for Bi-pred.
· mc_filter_strength_pos_bi_idc : When this value is set to 1, MC interpolation filter at sub pel position =’g’ is set to “weak filter” for Bi-pred. Otherwise “Strong filter” is used. 
5 Conclusion

Bi/Single filter switching can improve coding efficiency for B-picture. This method can be applied to various interpolation methods. In this contribution, it is implemented on top of conventional 6 tap SFIF and SAIF. But this can be applied to other interpolation scheme discussed in MV resolution AHG, e.g. SIFO, 1/8 pel, 1/12 pel, 8 tap, or 12 tap) 

CE to test this method is proposed.
Sony Corporation may have IPR relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).
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