	ITU - Telecommunications Standardization Sector

STUDY GROUP 16 Question 6

Video Coding Experts Group (VCEG)

_________________

15th Meeting: Pattaya, Thailand, 4-6 Dec., 2001
	Document  VCEG-O28

Filename: VCEG-O28.doc

Generated: 28 November ’01


	Question:
	Q.6/SG16 (VCEG)

	Source:
	Thomas Wedi
Institute of Communication Theory and Signal Processing
University of Hannover, Germany
	
Tel:
Fax:
Email:
	
+49 511 7625304
+49 511 7625333
wedi@tnt.uni-hannover.de

	Title:
	More Results on Adaptive Interpolation Filter for H.26L

	Purpose:
	Proposal


_____________________________
1 Introduction

In H.26L 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, invariant interpolation filters are used. The same filter-coefficients are used 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. 

The experimental results are similar to the results of VCEG-N28. In contrast to VECEG-N28 five reference frames and the UMV mode are used. This leads to a slightly reduced gain for the adaptive interpolation filter compared to the results in VCEG-N28. Furthermore two new test-sequences with fading transitions were generated and used for the experimental results.

Due to the adaptive interpolation filter a coding gain up to 0.8 dB PSNR is obtained with common test-sequences. For the fading test-sequences a gain up to 1.5 dB 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.
 (TML8: Anchor,   TML8-AIF: TML8 with Adaptive Interpolation Filter)

In TML8 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 TML8-AIF a symmetric Adaptive Interpolation Filter is used for Filter 1. For Filter 2 the same bilinear filter is used than in TML8. In Table 1 the different filters of TML8 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

	TML8
	Non-adaptive 6-tap filter 
	(  1   –5   20  20  –5   1   )/32

	TML8-AIF
	adaptive 6-tap filter
	   a1   a2    a3  a3   a2   a1


Table 1: Filter 1 of the non-adaptive (TML8) and the adaptive (TML8-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 TML8-AIF and TML8 are identical. Therefore the coding efficiency of TML8-AIF is at least as good as the coding efficiency of TML8. 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.

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. Linear regression is employed to calculate the filter coefficients that minimize the energy of the prediction error. 

Another, less complex coefficient estimation scheme would be the selection of the filter coefficients from a given set.

Transmission of Filter Coefficients

The adaptive interpolation filter described in this proposal requires the transmission of their coefficients. For this purpose, a differential coding scheme with a uniform 12 bit quantization is applied. This means that even for a fixed length code only 3*12=36 additional bits are necessary for each frame.

3 Experimental Results

For the experimental results two new test-sequences were generated. A fading transition to black was applied to the first 50 frames of the sequences Mobile & Calendar and Flower. Such fading transitions are very popular in movie trailers or music videos. Four images of this sequences are exemplarily shown in the following figure.
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Figure 2: Four images of the two test-sequences with fading transitions to black.

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

	Test-sequence
	Res.
	Frame rate
	No. of frames

	Mobile & Calendar
	CIF
	30
	300

	Foreman
	CIF
	30
	300

	Bus

	CIF
	30
	150

	Container

	CIF
	30
	300

	Mobile & Calendar (fade to black)
	CIF
	30
	50

	Flower Garden (fade to black)
	CIF
	30
	50



Table 2: Applied test-sequences.


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

· TML8: 

TML8 with non-adaptive interpolation filter (anchor)

· TML8-AIF: 
TML8 with        adaptive interpolation filter

For all results 1/4-pel displacement vector resolution, 5 reference frame and no B-frames are used. In contrast to the results of VCEG-N28, also the UMV mode is enabled.

4 Summary

In this proposal an adaptive interpolation filter scheme for H.26L 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 up to 0.8 dB PSNR is obtained with common test-sequences. 

With the fading sequences a gain up to 1.5 dB is obtained. This gain is due to the fact that the coefficients of the adaptive filer are not normalized. 

5 Proposal

It is proposed to start a core experiment on the adaptive interpolation filtering technique, in order to verify the potential of this technique and further improve it.

6 References
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