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1 Introduction

In the JVT codec displacement vector resolutions of 1/4- or 1/8-pel are applied in the motion compensated prediction process. In order to estimate and compensate these fractional-pel displacements, interpolation filters are used. So far, these interpolation filters are invariant. The same filter-coefficients are applied for all sequences and for all frames of a sequence. Therefore it is not possible to consider non-stationary statistical properties of video signals (e.g. aliasing, motion) in the interpolation process.

In this proposal an adaptive interpolation scheme is presented. This interpolation scheme is based on filter coefficients that are adapted once per frame to the non-stationary statistical properties of the video signal. The filter-coefficients are coded and transmitted. This technique was also presented in [1] and in VCEG-N28 and JVT-C059. 

Compared to the results presented at the last meeting (JVT-C059), the following modifications are introduced:

· The coefficient representation is reduced from 12 bit to 8 bit. 

· The interpolation calculation is reduced from 32 bit to 16 bit accuracy. 

· B-frames are used.

The adaptive interpolation filter technique was integrated into JM-2. Due to the adaptive interpolation filter a coding gain up to 0.5 dB PSNR is obtained. 

2 Adaptive Interpolation Filter

In this section the filter scheme, the estimation of the filter-coefficients and their transmission is presented. It is assumed that the displacement vector resolution is 1/4-pel.

Filter Scheme

In H.26L the interpolation process of the TML is described as two successive interpolations with two different interpolation filters (Figure 1).
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Figure 1: Interpolation process for 1/4-pel displacement vector resolution.
 (JM2: Anchor,   JM2-AIF: JM2 with Adaptive Interpolation Filter)

In JM2 the first interpolation filter is a symmetric non-adaptive 6-tap filter that interpolates the image signal on 1/2-pel positions (2:1 resolution) and the second one is a bilinear filter that interpolates the image signal on 1/4-pel positions (4:1 resolution).

In JM2-AIF a symmetric Adaptive Interpolation Filter is used for Filter 1. For Filter 2 the same bilinear filter is used than in JM2. In Table 1 the different filters of JM2 and TML-AIF are shown in detail. In this table ai denotes the filter-coefficients that are adapted once per frame.

	Codec
	Filter 1
	Coefficients

	JM2
	Non-adaptive 6-tap filter 
	(  1   –5   20  20  –5   1   )/32

	JM2-AIF
	adaptive 6-tap filter
	   a1   a2    a3  a3   a2   a1


Table 1: Filter 1 of the non-adaptive (JM2) and the adaptive (JM2-AIF) codec.
a1,a2,a3  denote the filter-coefficients that are adapted once per frame.

Thus, only 3 filter coefficients a1,a2,a3 have to be adapted and transmitted. For a1=1/32, a2=‑5/32, a3=20/32 the interpolation schemes of JM2-AIF and JM2 are identical. Therefore the coding efficiency of JM2-AIF is at least as good as the coding efficiency of JM2. Only a very small amount of bits have to be spend for the transmission of the filter coefficient.

Estimation of Filter Coefficients 

The scheme of filter-coefficient estimation is not part of this proposal. It is an encoder issue. However, the motion compensated prediction with the filter-coefficient estimation that is used in this contribution, consists of the following steps:

1. Displacement vectors are estimated. For this purpose, an initial filter is applied.

2. Estimation of filter-coefficients by minimizing the energy of the prediction error when performing the motion compensated prediction with the displacement vectors from step 1. For this purpose a downhill simplex minimization method is used. 

3. The current frame is predicted by the motion compensated prediction. For this purpose the adapted filter-coefficients of step 2 and the displacement vectors of step 1 are applied.

In step 2 the coefficients of the adaptive interpolation filters are estimated once per frame. The image signal and the displacement vectors of the original frame are taken into account. 

Transmission of Filter Coefficients

The filter used is transmitted in the slice header using the following steps:

1. A codeword is sent that determines whether the default filter or the adaptive filter is used. In case of the default filter, no further information has to be transmitted. In case of the adaptive filter, the filter coefficients are sent in step 2. 

2. For the filter coefficient coding, a differential coding scheme is applied. The coefficients are quantized with 8 bit and the differences to the coefficients of the previous frame are transmitted in the slice header. 

Validity of filter coefficients:

The estimated and transmitted filter F(t) at time instance t is connected to the most previous reference frame at time instance t-1 in the reference buffer. For older reference frames their already transmitted filter coefficients (F(t-1),...,F(t-3)) are used. In the following figure, this is illustrated.
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Figure 2: Current fame to predict and reference frames of the reference buffer with their interpolation filters F(t).

In this figure the current frame to predict at time instance t is shown on the right side. On the left side a reference buffer with already transmitted frames is shown. At time instance t only the interpolation filter coefficients F(t) for the reference frame at time instance t-1 are adapted and transmitted in the slice header. This filter F(t) is connected to this specific frame at time instance t-1. From now on this filter is used to obtain a pixel from this specific frame by interpolation. Thus, the frames at older time instances than t-1 have already filter coefficients (F(t-1),...,F(t-3)) that were transmitted. Note, that in figure 2 a slice is connected to the frame.
3 Experimental Results

Table 2 shows the test-sequences that are used for the experimental results.

	Test-sequence
	Res.
	Frame rate

	Mobile & Calendar
	CIF
	30

	Tempete

	CIF
	30

	Paris

	CIF
	30

	Waterfall (VQEG src18)
	CIF
	30

	Foreman
	CIF
	30

	Flower
	CIF
	30

	Silent Voice

	QCIF
	15

	Container
	QCIF
	10

	News

	QCIF
	10

	Foreman

	QCIF
	10



Table 2: Applied test-sequences.



For the experimental results, rate-distortion plots are given in the Appendix. Each rate-distortion plot contains the following curves:

· Anchor, 
1 ref.: JM2 with non-adaptive interpolation filter and 1 reference frame

· AIF 6-tap, 
1 ref.: JM2 with 6-tap adaptive interpolation filter and 1 reference frame

· AIF 8-tap, 
1 ref.: JM2 with 8-tap adaptive interpolation filter and 1 reference frame

· Anchor, 
5 ref.: JM2 with non-adaptive interpolation filter and 5 reference frame

· AIF 6-tap, 
5 ref.: JM2 with 6-tap adaptive interpolation filter and 5 reference frame

· AIF 8-tap, 
5 ref.: JM2 with 8-tap adaptive interpolation filter and 5 reference frame

For the results 1/4-pel displacement vector resolution, 1 and 5 reference frames, CABAC, RDOPT and 2 B-frames are used. 

In the following table the bitrate savings measured with method from VCEG-M33 are given.

	Sequence
	1 reference frame
	5 reference frame

	
	AIF 8-tap
	AIF 6-tap
	AIF 8-tap
	AIF 6-tap

	Mobile & Calendar
	7.524
	5.298
	6.728
	4.811

	Flower Garden
	3.450
	2.496
	3.757
	3.280

	Tempete
	1.854
	1.296
	2.270
	1.985

	Paris
	1.028
	1.104
	1.111
	0.953

	Waterfall
	5.678
	6.290
	6.228
	6.647

	Waterfall (no B-frames)
	14.872
	14.981
	12.313
	13.102

	Foreman
	2.014
	2.029
	2.530
	2.571

	Foreman (no B-frames)
	6.316
	5.866
	5.477
	5.312


Table 3: Bitrate savings due to the adaptive interpolation filter for CIF sequences

4 Summary

In this proposal an adaptive interpolation filter scheme for the JVT codec is presented. The adaptive interpolation filter is based on filter-coefficients that are estimated during the motion compensated prediction process for each frame. The coefficients are coded and transmitted. Due to this adaptive interpolation filter a coding gain of 0.0-0.8 dB PSNR is obtained. The coding gain is higher for CIF sequences than for QCIF sequences. For CIF sequences bitrate savings between 1 % and 14 % are obtained. 

Since the default filter can be switched on with a simple flag that is sent in the slice header, there is no performance loss when using the Adaptive Interpolation Filter technique.

For some sequences (Foreman, Waterfall) the adaptive interpolation filter with 1 reference frame has similar results than the JM2 with 5 reference frames.

5 Proposal

It is proposed to adopt the adaptive interpolation filter technique in higher complexity profiles.
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