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1 Introduction

At the Eibsee-meeting the direct interpolation filters proposed in VCEG-L20 were adopted into the test-model TML-6. It was decided to use the direct interpolation scheme in the decoder. The subsequent interpolation scheme of the encoder should not be changed. Nevertheless the rounding method of the subsequent interpolation scheme in the encoder has to be changed in order to avoid encoder-decoder mismatches. Without changes, it is not possible to use the direct interpolation scheme in order to reduce the complexity of the decoder.

The purpose of this contribution is to clarify the rounding aspect and to give a complexity evaluation of the direct interpolation filter. It is shown that the number of multiplications for the direct interpolation in the TML-6 decoder is 53.5% of the multiplications for the subsequent interpolation scheme of the TML-5 decoder. 

In section 2 both interpolation schemes are described. Section 3 discusses the rounding aspects and section 4 gives an analysis of the interpolation complexity in the decoder.

2 Interpolation Schemes

2.1 Subsequent Interpolation

Figure 1 shows the subsequent interpolation scheme.
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Figure 1: Subsequent interpolation scheme of TML for 1/4-pel interpolation.

In TML-5 (Q15K59) the interpolation process is described as subsequent interpolations with two different interpolation filters. The first interpolation filter is a 6-tap filter that interpolates the image signal on 1/2-pel positions and the second one is a bilinear filter that interpolates the image signal on 1/4-pel positions. For this purpose, the 2:1 image has to be stored temporarily. For an upsampling process, where the whole image is sampled up, this representation may be a good choice. But if only a few subpel positions have to be interpolated (e.g. in the decoder), these few subpel positions should be interpolated directly in order to reduce the interpolation complexity.

2.2 Direct Interpolation

In contrast to the subsequent interpolation scheme, where every pel on every subpel position is interpolated, the direct interpolation scheme only interpolates the subpel positions that are used in the motion compensated prediction. For this purpose different interpolation filters for each subpel position have to be applied. In Figure 2 a part of an image grid with 4 fullpel positions and 15 subpel positions are shown. 


[image: image2.wmf] 

Fullpel positon

 

2

-

16

 

Subpel positon

 

2

 

3

 

4

 

6

 

7

 

8

 

5

 

10

 

11

 

12

 

9

 

14

 

15

 

16

 

13

 


Figure 2: Image grid with 4 fullpel positions and the corresponding 15 subpel positions for 1/4-pel interpolation. 

In order to interpolate one of the positions depicted in Figure 2, the following interpolation filters are applied:

· Fullpel position: 


no interpolation necessary

· Positions 2,3,4,5,9,13: 

one-dimensional direct filters with 6-taps

· Positions 6,7,8,10,11,12,14,15,16:
two-dimensional direct filters with 6*6-taps

In order to reduce the number of different filters, symmetries are used. Thus, it is sufficient to apply 5 different filter kernels. The applied filters are given in the Appendix.

3 Rounding Aspects

In Eibsee it was decided to use the subsequent interpolation scheme in the encoder and the direct interpolation scheme in the decoder. Thus, both interpolation schemes should lead to the same interpolation result. In order to achieve this, the rounding process of the subsequent interpolation scheme has to be adapted. 

In Q15K59 the rounding method in the subsequent interpolation scheme that is used in TML-5 is described in detail. In order to calculate the 2:1 resolution (Figure 1) two rounding steps are performed, one for the horizontal filtering and one for the vertical filtering. In order to calculate the 4:1 resolution two more rounding steps are performed. This leads to sum of four rounding steps.

In the direct interpolation method only one rounding step is performed. Thus the rounding method of the subsequent interpolation in TML-6 was changed in order to avoid mismatches. This has an impact on the buffer requirements. Since the pel values of the temporary 2:1 image are not rounded, it is no longer sufficient to store them with 8 bits. They have to be temporarily stored at a higher precision. 

4 Analysis of the Interpolation Complexity in the Decoder

In a motion compensated prediction scheme, each pel of the image to be coded is predicted by a motion compensated prediction. Therefore a displacement vector is assigned to each pel that refers to a position in an already coded reference image. If this position is a subpel position, the image signal on this subpel position has to be interpolated. This means that for a 352*288 CIF image no more than 352*288*15=101376 pels have to be interpolated.  Nevertheless, the motion compensated prediction with a subsequent interpolation method interpolates all subpel positions of the whole image grid. In case of a 1/4-pel DV resolution this are 352*288*15 pels. Therefore, at least 14 times more interpolations are performed than necessary. In contrast to this, the direct interpolation filter only interpolates the subpel positions that are used in the motion compensated prediction.

In order to describe the decoder complexity for the two different interpolation schemes, the number of multiplications for the prediction of one pel is analyzed in the following two subsections. This is done exemplarily for a 352*288 CIF image. In the third subsection a complexity comparison between the two different interpolation schemes is given for CIF and QCIF images.

4.1 Number of multiplications with subsequent interpolation

Independent of the subpel positions that are actually used in the motion compensated prediction, the subsequent interpolation scheme interpolates all possible subpel positions. Therefore the number of multiplications is calculated as follows:

· 1:2 resolution:
interpolation of 3 subpel positions with 6 tap filter for each 352*288 pels:
  
352*288*3*6

· 1:4 resolution:
interpolation of 3 subpel positions with 2 tap filter for each 704*576 pels:
 
704*576*3*2

Therefore 352*288*3*6 + 704*576*3*2 = 4257792 multiplications are performed for the interpolation in order to predict the 352*288 CIF image.

4.2 Number of multiplications with direct interpolation

For each pel of the frame to be predicted, e.g. for each 352*288 pels of a CIF image, no more than one pel of a previous frame is interpolated in the direct interpolation scheme. For each of these 352*288 pels the displacement vector specifies the subpel position to interpolate. In the following it is assumed that the probability for these 15 positions and one additional fullpel position has a uniform distribution. The probability for each of the 16 positions is equal to 1/16. With this assumption the expectation value of the multiplications for one pel can be calculated as follows:

· One fullpel position:  


no interpolation necessary 
( 1/16 *  1 * 0    tap

· Positions 1,2,3,4,8,12: 

6 interp. with 6    tap filter 
( 1/16 *  6 * 6    tap

· Positions 5,6,7,9,10,11,13,14,15:
9 interp. with 6*6 tap filter
( 1/16 *  9 * 6*6 tap

In average a 1/16*(1*0+6*6+9*6*6)=22.5 tap filter is used to interpolate one pel. This means 22.5 multiplications are performed in average in order to predict one pel of the 352*288 CIF image.

Therefore 352*288*22.5=2280960 multiplications in average are performed for the interpolation in order to predict the whole 352*288 CIF image.

4.3 Complexity comparison

In this subsection the number of multiplications for each filter and for CIF and QCIF frames are compared.

CIF: 

	
	Subsequent Interpolation
	Direct Interpolation

	6-tap
	(352*288)* 3*6 = 1824768
	(352*288) *1*22.5 = 2280960



	Bilinear
	(704*576)* 3*2 = 2433014
	

	Sum
	4257792
	2280960


QCIF:

	
	Subsequent Interpolation
	Direct Interpolation

	6-tap
	(176*144)* 3*6 = 456192
	(176*144) * 1 * 22.5 = 541080



	Bilinear
	(352*288)* 3*2 = 608256
	

	Sum
	1064448
	541080


Number of multiplications for direct interpolation compared with subsequent interpolation method for CIF and QCIF:   53.5 %

Remark on implementation of direct interpolation filter in TML591:

A further significant complexity reduction in the TML591 implementation is possible, if the direct interpolation is not performed on pel basis but on block basis. This is due to the fact that for each pel inside a block the same relative subpel position has to be interpolated. Thus, the decision, which relative subpel position should be interpolated, has to be performed once for a block. In the current implementation this is done for each pel.

 Appendix

Considering symmetries in the subpel positions, it is sufficient to store the following 5 interpolation kernels. 

	Subpel-postion
	Filter Coefficients * 4096

	2,4,5,13
	 64,-320,3328,1280,-320,64



	3,9
	128,-640,2560,2560,-640,128



	11
	  4, -20,  80,  80, -20,  4

-20, 100,-400,-400, 100,-20

 80,-400,1600,1600,-400, 80

 80,-400,1600,1600,-400, 80

-20, 100,-400,-400, 100,-20

  4, -20,  80,  80, -20,  4



	6,8,14,16
	  1,  -5,  52,  20,  -5,  1

 -5,  25,-260,-100,  25, -5

 52,-260,2704,1040,-260, 52

 20,-100,1040, 400,-100, 20

 -5,  25,-260,-100,  25, -5

  1,  -5,  52,  20,  -5,  1



	7,12,15,10
	  2, -10,  40,  40, -10,  2

-10,  50,-200,-200,  50,-10

104,-520,2080,2080,-520,104

 40,-200, 800, 800,-200, 40

-10,  50,-200,-200,  50,-10

  2, -10,  40,  40, -10,  2
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