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Abstract

This contribution proposes Fixed Directional Interpolation Filter (FDIF) that uses the same directional filter structure previously used for adaptive interpolation. The regular FDIF is further improved in two ways. First, one of the 15 fractional positions is defined as a Strong Filter Position (SFP) by using a dedicated and different filter for this particular position. Second, fixed DC offsets are defined for another subset of the fractional positions. Depending on the profile and prediction structure, the proposed filter brings between 3,2% and 10,1% average bitrate reduction over H.264/AVC for HD sequences. The proposed filter structure also represents a reduced complexity compared to H.264/AVC interpolation.

Introduction

Directional Adaptive Interpolation Filter (DAIF) was proposed in [1] as a simplification of separable and non-separable Adaptive Interpolation Filter (AIF) [2], [3]. DAIF uses a directional filter whose direction depends on the alignment of the respective sub-pixel with integer pixels, and it offers a significant reduction in complexity with negligible loss in compression efficiency compared to other AIF schemes.
This contribution proposes Fixed Directional Interpolation Filter (FDIF) that uses the same directional structure as DAIF but with fixed filter coefficients. The regular FDIF is further improved in two ways. First, one of the 15 fractional positions is defined as a Strong Filter Position (SFP) by using a dedicated and different filter for this particular position. Second, fixed DC offsets are defined for another subset of the fractional positions. This technique is called Local DC Offset (LDCO). LDCO exploits the same characteristics of video as weighted prediction offset that is currently specified in the common coding conditions [4] (RDPictureDecision=1) and the improved weighted prediction offset [5] which is  implemented in the KTA1.9r1 software [6] (UseNewOffset=1).
Fixed Directional Interpolation Filter

The FDIF uses the same filter structure as DAIF but with the following sets of filter coefficients:
f1 = {3,-15,111,37,-10,2}/128
f2 = {3,-17, 78,78,-17,3}/128
f3 = {2,-10,37,111,-15,3}/128

For horizontal or vertical interpolation, f1, f2, and f3 are used for +1/4, +1/2, and +3/4 fractional positions respectively. For the remaining fractional positions, a combination of f1, f2, and f3 is used as described in [1].

Strong Filter Position

The Strong Filter Position (SFP) is implemented by replacing the directional filter at fractional position (3/4, 1/4) with the following two-dimensional filter:

f0 = {{0, 5, 5, 0},
      {5,22,22, 5},
      {5,22,22, 5},
      {0, 5, 5, 0}}/128
As can be seen from Figure 1, this filter is 'stronger' than the corresponding directional filter in the sense that the passband is narrower. The purpose of SFP is to have a larger variety of filter responses to choose from during motion vector selection.
[image: image1.emf]Frequency Response of Spatial Filters

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

1,1

0 30 60 90 120 150 180

Spatial Frequency

Frequency Response

Directional filter

 'Strong' filter


Figure 1:  Frequency responses of the directional filter and the strong filter.
Local DC Offset

The FDIF is further improved by adding fixed offsets of +1 and -1 at fractional positions {1/4, 1/4) and (1/4, 3/4) respectively. This Local DC Offset (LDCO) technique exploits the same characteristics of video as weighted prediction offset (RDPictureDecision=1) and improved weighted prediction offset [5] (UseNewOffset=1), but without the added complexity and delay associated with multi-pass encoding and the calculation of a global DC offset.

Complexity Analysis

Using the number of additions and multiplications as a complexity measure, it was shown that the FDIF structure has lower complexity than regular H.264/AVC interpolation [1]. The lower complexity is mainly due to the low complexity directional structure used to obtain samples {e,f,g,i,j,k,m,n,o}. This is illustrated in Table 1 below by comparing the required complexity to interpolate an 8x8 block, for FDIF and H.264/AVC filter.
	Sub-pixel

	 FDIF

	 H.264/AVC


	 {e,g,m,o}

	 64 6-tap

	 128 6-tap + 64 bilinear 


	 {f,i,k,n}

	 128 6-tap 

	 168 6-tap + 64 bilinear


	 j

	 128 6-tap

	 168 6-tap
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Table 1: Complexity analysis for FDIF and H.264/AVC interpolation filter

In addition, when compared to H.264/AVC High Precision Filtering [5], FDIF does not need to store the intermediate values at high precision, and hence offers an even higher complexity benefit.

It should be noted that the SFP and LDCO tools do not affect the complexity of FDIF as they bring only a marginal complexity increase.

Results

Tables 2-4 show BD-Rate results for various profiles and configurations using the KTA1.9r1 software [6] with the common coding conditions [4]. Table 5 shows BD-Rate results with the common coding conditions but with UseNewOffset=1 (including the reference). Also included are results for H.264 High Precision Filter (H.264-HPF) [5].
As can be seen from the tables, the average bit rate change is marginal for QCIF and CIF sequences, typically within +/- 1%. For HD sequences, the largest gain (10,08%) is achieved for the Baseline Profile, while somewhat smaller gains are observed for High Profile (6,57% and 4,69% for IPPP and IBBP respectively). When enabling the improved weighted prediction offset method [5], the gain is further reduced to 3,23%.

	 
	H.264-HPF
	FDIF
	FDIF+SFP
	FDIF+SFP+LDCO

	Container
	-2,86
	-4,78
	-4,90
	-5,80

	Foreman (QCIF)
	-0,01
	1,85
	1,61
	0,48

	Silent
	-0,83
	0,03
	-0,64
	-0,89

	Paris
	-0,52
	0,22
	0,10
	-0,04

	Foreman (CIF)
	-1,34
	-0,37
	-1,04
	-2,63

	Mobile
	-1,20
	3,53
	3,72
	3,59

	Tempete
	-2,08
	1,49
	1,82
	1,84

	QCIF/CIF Average
	-1,26
	0,28
	0,09
	-0,50

	BigShips
	-7,58
	-9,15
	-8,98
	-9,42

	City
	-13,35
	-13,89
	-12,51
	-12,23

	Crew
	-2,19
	-2,95
	-3,12
	-12,19

	Night
	-2,21
	-3,85
	-4,65
	-5,80

	Shuttlestart
	-6,53
	-6,43
	-7,11
	-17,48

	Rolling Tomatoes
	-0,67
	-0,52
	-1,86
	-3,38

	HD Average
	-5,42
	-6,13
	-6,37
	-10,08

	Average
	-3,18
	-2,68
	-2,89
	-4,92


Table 2: BD-Rate for Baseline Profile, IPPP, UseNewOffset=0
	 
	H.264-HPF
	FDIF
	FDIF+SFP
	FDIF+SFP+LDCO

	Container
	-1,06
	-3,72
	-2,97
	-3,79

	Foreman (QCIF)
	-1,00
	0,64
	0,42
	0,30

	Silent
	-0,66
	-0,51
	-1,07
	-0,81

	Paris
	-0,37
	0,55
	0,40
	0,65

	Foreman (CIF)
	-1,26
	-0,62
	-1,35
	-1,95

	Mobile
	-0,60
	4,16
	4,30
	4,29

	Tempete
	-1,38
	2,30
	2,72
	2,64

	QCIF/CIF Average
	-0,90
	0,40
	0,35
	0,19

	BigShips
	-7,21
	-8,13
	-8,19
	-8,21

	City
	-7,97
	-8,94
	-7,77
	-7,35

	Crew
	-1,60
	-2,53
	-2,90
	-6,36

	Night
	-1,57
	-2,91
	-3,99
	-4,59

	Shuttlestart
	-4,50
	-4,32
	-5,68
	-10,91

	Rolling Tomatoes
	-0,62
	-0,44
	-2,08
	-2,00

	HD Average
	-3,91
	-4,55
	-5,10
	-6,57

	Average
	-2,29
	-1,88
	-2,17
	-2,93


Table 3: BD-Rate for High Profile, IPPP, UseNewOffset=0

	 
	H.264-HPF
	FDIF
	FDIF+SFP
	FDIF+SFP+LDCO

	Container
	-0,49
	-2,11
	-1,90
	-2,05

	Foreman (QCIF)
	0,02
	1,59
	1,36
	1,39

	Silent
	-0,37
	-0,18
	-0,42
	-0,17

	Paris
	0,15
	1,21
	1,19
	1,03

	Foreman (CIF)
	-0,52
	1,02
	0,28
	0,18

	Mobile
	-0,77
	4,95
	4,90
	5,08

	Tempete
	-1,35
	2,37
	2,85
	2,65

	QCIF/CIF Average
	-0,48
	1,27
	1,18
	1,16

	BigShips
	-6,14
	-5,46
	-5,38
	-5,74

	City
	-6,11
	-7,57
	-6,44
	-6,36

	Crew
	-1,49
	-2,29
	-2,55
	-4,80

	Night
	-0,52
	-1,26
	-2,04
	-2,43

	Shuttlestart
	-2,64
	-3,38
	-4,23
	-7,38

	Rolling Tomatoes
	-0,51
	-0,32
	-0,94
	-1,41

	HD Average
	-2,90
	-3,38
	-3,59
	-4,69

	Average
	-1,60
	-0,88
	-1,02
	-1,54


Table 4: BD-Rate for High Profile, IBBP, UseNewOffset=0
	 
	H.264-HPF
	FDIF
	FDIF+SFP
	FDIF+SFP+LDCO

	Container
	-0,98
	-2,91
	-3,16
	-3,34

	Foreman (QCIF)
	-0,22
	1,32
	0,78
	1,11

	Silent
	-0,43
	0,06
	-0,53
	-0,92

	Paris
	-0,48
	0,37
	0,37
	0,27

	Foreman (CIF)
	-0,87
	-0,05
	-0,86
	-1,05

	Mobile
	-0,31
	4,54
	4,66
	4,67

	Tempete
	-0,43
	3,53
	3,82
	3,81

	QCIF/CIF Average
	-0,53
	0,98
	0,73
	0,65

	BigShips
	-2,27
	-3,23
	-3,29
	-3,31

	City
	-2,69
	-3,86
	-2,51
	-2,17

	Crew
	-1,56
	-2,12
	-2,94
	-3,78

	Night
	-1,23
	-2,65
	-3,78
	-4,26

	Shuttlestart
	-2,31
	-2,22
	-3,20
	-4,16

	Rolling Tomatoes
	-0,05
	-0,19
	-1,15
	-1,69

	HD Average
	-1,69
	-2,38
	-2,81
	-3,23

	Average
	-1,06
	-0,57
	-0,91
	-1,14


Table 5: BD_rate for High Profile, IPPP, UseNewOffset=1 
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