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1 Background

Since the Monterey meeting the "Telenor model" (later adopted as test model) has used a filtering technique for fractional pel motion vectors that include the possibility of a stronger low pass filter (see q15g-25).  This has later been referred to as "funny position".  At the last meeting there seemed to be some confusion about this issue - including whether it was in the TML or not.  The present document will try to clarify the issue as a background for how we shall proceed.  

2 The purpose of fractional pel motion vector definition

Use of fractional pel vector accuracy have two main purposes: 

1. More accurate definition of picture content displacement

2. More flexibility on low pass filter characteristics

The first point is quite obvious.  Use of 1/2, 1/3, 1/4, 1/8 pel resolution result in increasing accuracy in prediction which may result in coding gain - negligible for some sequences and quite significant for others.  The second point, however, is maybe even more important from a signal processing point of view.  In the prediction process from frame to frame the low and medium frequency content is typically well suited for prediction whereas high frequency content tend to be less predictable.  In order to keep low and medium frequency content well it is desirable to use 'long' filters (6 taps used in TML-4), whereas other situations can ask for more low pass filtering.

The motion prediction scheme must therefore be designed to give sufficient flexibility both regarding motion resolution and filter characteristics.

3 The prediction filters in TML-4

TML-4 use 1/4 pel resolution for motion vectors as illustrated one-dimensionally below:
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The integer pel position represent no low pass filtering ("one tap filter"), whereas the 1/2 pel position is formed by a 6 tap filter: (1,-5,20,20,-5,1)/32.  The 1/4 pel position is formed by averaging a 1/2 pel and integer pel position (which also represent a 6 tap filter).  The frequency response of 1 pel, 1/2 pel and 1/4 pel positions are shown in figure 1.
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Figure 1. Frequency response due to filtering to produce different subpel motion vector positions.

In the two dimensional situation we have the vector resolutions shown below.  Capital letters are integer pel position and lower case letters fractional pel positions.  

A  a  b  c  B
d  e  f  g  h

i  j  k  l  m
n  o  p  q  r

C  s  t  u  D
The horizontal and vertical filter characteristics can be read out of figure 1.

In computing the different positions it is assumed that at least 1/2 pel positions (marked in bold) will be stored rather than computed 'on the fly' due to the 6-tap filter.  All the other positions are then calculated as linear or bilinear interpolation between bold positions.

Accordingly position q should therefore be computed as:

q = (k + m + t + D)//4

In TML-4 we have instead chosen to define:

q = (A + B + C + D)//4

Thereby computation of q uses a 2-tap filter (horizontally and vertically) which gives a frequency response shown as "funny position" in figure 1.  As may be seen this largely extends the low pass filtering capability.  In summary the interpolated position q have:

· The same vector position as k

· Much more low pass filtering than k

· Due to this strong low pass filtering the vector position becomes less critical

· The different definition of q means minimal change computationally.  Calculation of 1/2 pel positions with 6-tap filter is unchanged.  Only the bilinear interpolation uses different stored values

· By using the three step search described in 5.2.5 of TML-4 it may be verified that one "funny position" is always checked in the search procedure so that the choice of filter strength is made automatically

4 Benefits with the use of "funny position"

Objectively (PSNR curves) we see no significant difference with and without "funny position".

It was demonstrated in a document in Geneva that use of "funny position" could reduce coding noise significantly.

In Osaka a in loop deblocking filter was introduced.  Hence it was some uncertainty whether this could compensate for the added flexibility of low pass filtering.  Below is an example from Foreman with QP = 22.  "Funny position" included to the left and not to the right.  In both simulations the in loop deblocking filter is used.
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5 Conclusions

· Also with in loop deblocking filter there is still a noticeable difference with and without "funny position".

· Due to the complexity of the present debloking filter it is foreseen that it may be changed/simplified and in such a process the "funny position" filtering may be useful

· Use of "funny position" represent negligible change in computational complexity

· It is therefore suggested that the use of "funny position" stays in the TML
















