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Abstract

In this document, we describe how the coefficients of the adaptive interpolation filter, used in the KTA reference model, are predicted and entropy coded. Furthermore, we describe the corresponding syntax, as required in [1].
Overview

In Figure 1, an interpolation process with 2D non-separable adaptive interpolation filter [2] is depicted. The value pSP (a … o) to be interpolated is computed by a 2D convolution: 
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where Pi,j is an integer sample value (A1 … F6).
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Figure 1: Interpolation process with 2D filter, gray boxes with upper-case letters represent full-pel positions, white boxes with lower-case letters represent fractional-pel positions.
However, assuming an independent set of 6 one- and 36 two-dimensional filter coefficients for each sup-pel position results in 360 coefficients totally, which have to be transmitted as side information. This amount of additional side information may drastically reduce the coding gain, especially for video sequences with small spatial resolution. In order to reduce the side information, we assume that statistical properties of an image signal are symmetric as proposed in [4].

Thus, the filter coefficients are assumed to be equal, in case the distance of the  corresponding full-pel positions to the current sub-pel position are equal (the distance equality between the pixels in x- and y-direction is also assumed, i.e. if the image signal is interlaced, a scaling factor should be considered etc.).

Let us denote hC1a as a filter coefficient used for computing the interpolated pixel at sub-pel position a at the integer position C1, depicted in Figure 1. The remaining filter coefficients are derived in the same manner. Then, based on symmetry assumptions only 5 independent 1D or 2D filter sets consisting of different numbers of coefficients are required. Thus, for the sub-pel positions a, c, d, l only one filter with 6 coefficients is estimated, since:
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The same assumptions, applied at sub-pel positions b and h result in 3 coefficients for these sub-pel positions:
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In the same way, we get 21 filter coefficients for sub-pel positions e, g, m, o, 18 filter coefficients for sub-pel positions f, i, k, n and 6 filter coefficients for the sub-pel position j. 

In total, this reduces the number of needed filter coefficients from 360 to 54, exploiting the assumption that statistical properties of an image signal are symmetric. In following chapter we describe, how the filter coefficients are predicted and coded. 

Prediction and Coding of the Filter Coefficients

For the purpose of quantisation of the filter coefficients, a unified midtread-quantiser with 9 bits accuracy is applied. For error resilience reasons, only an intra prediction is performed. First, the differences to the Standard Wiener Filter, used in H.264/AVC, are transmitted for sub-pel positions a and b. From these coefficients, other 1D sub-pel positions are obtained by mirroring (sub-pel positions c, d, h, l). 
Thus, with 
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, we can obtain coefficients of a two-dimensional separable filter by multiplication:
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This separable filter is a prediction of the non-separable filter, calculated by the encoder. Thus, only the differences are transmitted. The filter coefficients for the remaining sub-pel positions are obtained directly by mirroring.
Syntax and Semantics

This section describes syntax and semantics of the scheme incorporated into the current KTA software [3].

With the introduction of adaptive interpolation filter concept, it can be switched on or off. For this purpose, we introduce in the picture parameter set raw byte sequence payload syntax an adaptive_filter_flag.

	pic_parameter_set_rbsp( ) {
	C
	Descriptor

	.

.

.
	
	

	
adaptive_filter_flag
	1
	u(1)

	.

.

.
	
	


This code indicates, whether the adaptive interpolation scheme is applied for current sequence (adaptive_filter_flag = 1) or not (adaptive_filter_flag = 0). 

If adaptive interpolation scheme is switched on, the filter can be applied for P- or B-slices (e.g. based on rate-distortion criterion). If the adaptive interpolation filter is applied for current P- or B-slice, it is signalled by apply_adaptive_filter. If apply_adaptive_filter is equal to 1, the entropy coded filter coefficients follow.

	slice_header( ) {
	C
	Descriptor

	.

.

.
	
	

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

	     apply_adaptive_filter
	2
	u(1)

	     if(apply_adaptive_filter == 1 ) {
	
	

	        use_all_subpel_positions
	2
	u(1)

	         if(!use_all_subpel_positions)
	
	

	            positions_pattern
	2
	u(v)

	         for(sub_pel = 0; sub_pel < 5; sub_pel++) {
	
	

	             if(use_all_subpel_positions || positions_pattern & (1<<sub_pel))) {
	
	

	
     for( i = 0; i < max_sub_pel_nr [sub_pel]; i++){
	
	

	
          DiffFilterCoef[ sub_pel ][ i ]
	2
	se(v)

	                  }
	
	

	             }
	
	

	         }
	
	

	      }
	
	

	.

.

.
	
	

	}
	
	


First, use_all_subpel_positions is transmitted. use_all_subpel_positions equal to 1 specifies that all independent filter subsets are in use. use_all_subpel_positions equal to 0 involves that not for every sub-pel position sub_pel (a…o) filter coefficients have been calculated due to motion estimation tool and positions_pattern is transmitted. positions_pattern[sub_pel] equal to 1 specifies that FilterCoef[sub_pel][i] is in use, whereat FilterCoef represents the actually calculated optimal filter coefficients. positions_pattern[sub_pel] equal to 0 specifies that the Standard Wiener Filter is used for this particular sub-pel position. Then, for every sub-pel position, the filter coefficients have been calculated for, the entropy coded (CAVLC) quantised differences DiffFilterCoef are transmitted. The number of filter coefficients, used for the particular sub-pel position, is different for all sub-pel positions. It is stored in max_sub_pel_nr[sub_pel]. 
The reconstructed filter coefficients are obtained by adding differences and predicted filter coefficients.
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