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Introduction

The quarter sample, luma interpolation operation employs 6 tap per phase filters to generate the half sample data.  Bi-linear two tap filtering is then applied to the half sample data to generate the remaining quarter sample data.  “Funny position”, a peculiar feature of the bi-linear filtering operation, dictates that simple averaging of the four nearest single pixel data values is used to generate the data corresponding to the ¼, ¼ north west direction.  All other ¼ sample positions are, however, generated by averaging either ½ sample data or averaging ½ sample and single pixel data.  In effect, the data generated for the ¼, ¼ northwest direction is a short filter alternative to the ½, ½ data generated by the 6 tap per phase filter. 

The consequences of employing “funny position” filtering are:

· Motion estimation will never be able to provide complete ¼ pixel coverage.  Motion in the ¼, ¼ northwest direction will never be captured by motion estimation, hence, coding will NOT be optimal for any sequences which contain motion in that direction.  

· Increased complexity is required by a decoder to implement funny position filtering.

Claims have however been made that there are subjective benefits in employing “funny position” filtering. 

The purpose of this contribution is to provide insight into the funny position filtering mechanism and argue for the removal of funny position filtering from the JVT specification.
Experiments 

Two simple experiments were performed on the sequences “Mobile and Calendar”,  “Susie” and “Foreman” to determine:

· The importance of the ¼, ¼ northwest direction when performing motion estimation. 

· Why the funny position can yield subjective benefits for some sequences.
The format of the sequence “Mobile and Calendar” was 25 Hz Rec.601.

The format of the sequence “Susie” was 30 Hz Rec.601 .

The format of the sequence “Forman” was CIF.

Experiment 1.
Quarter pixel precision motion estimation (ME), was performed to generate motion vectors for all sequences.  The ME for the Rec.601 sequences was adaptive field/frame employing an 8x8 block size.  The ME for the CIF sequence employed a 4x4 block size.  A P-frame only GOP structure was used.  The best motion vectors for each macroblock were selected based upon the sum of the SAD metric for that macroblock.  Funny filtering was performed for the ¼, ¼ northwest direction as described in the JVT specification.  The percentage of blocks using this direction was determined.

Experiment 2.
Experiment identical to 1, with the exception that “normal” bi-linear filtering is performed at the funny position (i.e. filtering equivalent to the ¼, ¼ southeast direction)

Results

The results of experiments are plotted in Figure 1. 



 EMBED Word.Picture.8  
[image: image1.png]%of blocks employing 1/4 1/4 northwest direction

20

8

6

4

N

o

Susie Results

—— No FunnyPos
FunnyPos
——- Preprocessed FunnyPos

15 20 25 30
Frame Number

35

40





Figure 1. Experimental Results for the Sequences “Mobile&Calendar” and “Susie”
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Figure 2. Experimental Results for the Sequence “Foreman” 

Mobile and Calendar

· Experiment 1 shows the direction corresponding to the funny position is used on less than 5 % of processed blocks.

· Experiment 2 shows that ¼, ¼ northwest direction is used up to 18 % of the time without funny position filtering.   

It is readily apparent that funny position removes from the motion estimation process, a direction that has a significant frequency of occurrence for this sequence.  Subsequent coding will not be optimal.

Susie

Results indicate that the Susie sequence benefits from funny position processing.  Up to 20% of processed blocks used the direction corresponding to funny position filtering.  This is significantly more than the results generated by experiment 2 for the same sequence.  Clearly, this sequence has benefited from funny position filtering.  

Susie is characterized by a talking head on a stationary background.  Frames making up the sequence have little high spatial frequency content.  This is particularly the case with the background, which is characterized by noise-like spatial statistics.  Inspection of the motion vectors for each frame show, that the majority of the funny position vectors are located on stationary background.  Whilst motion estimation selects the funny position direction for the background, the decision making process used for selection has nothing to do with tracking motion in the “funny direction”.  Rather, the funny position is chosen because its associated prediction contains less energy in the high spatial frequencies.  This is because the funny reference is generated by a filter having a more low pass magnitude response.   The funny position benefits some sequences in two ways:

· Less energy is contained in the residual, which may result in it being encoded more efficiently.

· The motion vectors associated with coding noisy background can be coerced into a consistent direction, making motion vector prediction more efficient.

An alternative to funny position noise filtering is to first preprocess the video signal to remove noise. Similar results to funny position filtering on the “Susie” sequence can be achieved using filters designed to remove Gaussian noise.  Results for the sequence Susie, shown in figure 1, also include the percentage of blocks employing prediction in the funny direction following noise preprocessing.  The percentages per frame are significantly reduced, essentially rendering void the benefits obtained through funny position filtering.  The obvious benefits of this approach are that it simplifies the decoder and it allows complete quarter pixel motion estimation coverage.

Foreman

The results for the sequence “Foreman”, shown in figure 2, were similar to those obtained for the “Susie sequence”.  An inspection of the generated motion vectors showed that the majority of funny position blocks were located on the concrete walls surrounding the foreman.   These blocks are characterised by noise like spatial attributes.  No funny position blocks were found on spatial regions that contained edge information of any description.  As was the case with the sequence “Susie”, simple preprocessing of the sequence rendered void any benefits obtained through funny position filtering.  

 Conclusion 

This contribution presents the results of experiments on the use of funny position filtering defined in the JVT specification.  Experiments have shown that the funny position removes a ME direction that will result in sub-optimum encoding for some sequences.  Experiments have also shown that the funny position filtering does offer an advantage when coding sequences that contain blocks, which possess noise-like spatial attributes.  This advantage was, however, rendered void when preprocessing the video source to remove noise. 

 There is therefore no need to include the funny position in the specification.
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