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1 Introduction

Document q15i-59 defines a core experiment to study techniques to improve performance of motion compensation.  The present document is a response to this effort.  I have tried to use 1/4 resolution.  The approach is similar to the one described in q15i-35 (Wedi).  However, I have used shorter filters for interpolation.  (At the end of the document there is also some comparisons between ¼ and 1/8 pixel resolution for motion prediction.)  Some characteristics of the work:

· Similar bit syntax to TML2.  The number of block sizes for motion prediction is reduced from 7 to 6.  The 4x4 block size is omitted.

· Upsampling to ½ pixel resolution is performed on frame basis.  Bilinear interpolation to ¼ pixel resolution is done ‘on the fly’ to save memory

· Different filter lengths with 4, 6 and 8 taps have been tested

· The search procedure is made in 3 steps – integer pixel, ½ pixel and ¼ pixel

· One of the vector positions is defined to have a stronger filter (cf. TML-2)

2 Different interpolation filters

I have used the following filter:

8-taps:
(-1,3,-6,20,20,-6,3,-1)/32    (from doc. Q15i-35)

6-taps:
(1,-5,20,20,-5,1)/32

4-taps:
(-1,5,5,-1)/8

Interpolation to ½ pixel resolution is performed separably in the vertical and horizontal directions.

In the simulations I have used the following combinations:

8-tap horizontal  x  8-tap vertical

6-tap horizontal  x  6-tap vertical

6-tap horizontal  x  4-tap vertical

4-tap horizontal  x  4-tap vertical

3 Three step motion search

In the figure below capital letters refer to integer pixel positions, small letters refer to ½ pixel position and numbers refer to ¼ pixel positions.

        A       B       C

            a   b   c

        D   d   E   e   F

              1 2 3

            f 4 g 5 h

              6 7 8

        G   i   H   j   I

It is assumed that the integer pixel search ends up in position E.  Then ½ pixel positions a,b,c,d,e,f,g,h are searched.  Assume that g is the best position.  Finally ¼ pixel positions 1,2,3,4,5,6,7,8 are searched.  The ¼ pixel values are not stored but calculated as bi-directional interpolations when needed.

4 A stronger filter position

The position ¼ pixel up and to the left of an integer pixel position is chosen to represent the stronger filter.  In the figure above 6 is such a position.  ‘Normally’ the interpolation of this position should be defined by:

‘6’ = (f + g + i + H)/4    However, this position is defined by:

‘6’ = (D + E + g + H)/4

It may be seen that by a regular 3-step search, one of the ¼ pixel positions will automatically be one with stronger filter.  The inclusion of this special position should not represent extra complexity in the interpolation process.  The benefit with this feature will be pointed out in the next section.

5 Simulation results

The RD-plots (see also separate Excel document) show the performance with different interpolation filters.  With 4 tap filters the performance for the sequences Mobile and Tempete is equal to TML-2.  For all other cases the performance is better than TML-2 by up to about ¾ of a dB.  The filter combination (6H,4V) seems to be a good combination of performance and complexity.  Overall this combination actually sees to perform slightly better than (8H,8V).

The picture examples below show the subjective difference with and without a vector position with stronger filter.  There is not much difference in objective performance for the two, but the version without the stronger filter is clearly noisier.
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a)             with stronger filter position                   b)        without stronger filter position
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6 Conclusions

· The presented method of motion compensation represent better or equal performance for all test sequences.

· By using 4 tap filters the complexity is estimated to be lower than that of TML-2 due to more regular structure both for motion search and prediction.

· The filter combination (4H,4V) represent lowest complexity and a gain for most of the sequences, whereas the combination (6H,4V) result in additional gain for some sequences.

It is proposed that this ¼ pixel prediction model is included into the test model.  Choice of filter lengths should be based on assessment of performance and implementation complexity.

7 Comparisons between ¼ and 1/8 pixel resolution for motion compensation

Very recently (after the delayed doc. was sent to ITU) I have made some comparisons between ¼ and 1/8 pixel resolution for motion compensation.  The ¼ pixel version is the same as the method reported above.

For the 1/8 pixel version I used the same upsampling filter as above to generate ½ pixel values.  In the next interpolation step to ¼ pixel resolution I used a 4 tap filter (cubic): (-1,9,9,-1)/16.  For the final step to obtain 1/8 pixel resolution I used bilinear interpolation.  This is similar to the procedure described in q15i-35 and illustrated in the figure below.

In the motion search I used a 4 step search similar to the three step search described in section 3.  That is one additional search step is added compared to the ¼ pixel version.

In the simulations I used one reference frame only.  Hence the RD-plots cannot be directly compared to the ones above

The RD-plots seem to verify the additional gain by using 1/8 pixel resolution for sequences like Mobile, Container ship and Tempete.  For other sequences the gain is zero or negative.




Interpolation:       6H,4V                 4 tap cubic                    bilinear
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