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1 Background

One of the major improvements in H.264 compared to previous coding standards is the more accurate sub-pixel interpolation for frame to frame motion compensated prediction.  A longer filter (6-tap) is used and ¼ pixel (even 1/8 pixel) resolution is used for prediction.

This interpolation also adds considerably to the complexity both at the encoder and decoder side.

A closer look at subjective quality also reveals that the obtained objective gain (PSNR) does not necessarily result in subjective improvement.  In many cases the more accurate interpolation result in more visible noise due to the longer impulse response of the filter.

The intention of this contribution is to define a solution that at the same time:

· Result in a simplified interpolation procedure

· Improve subjective picture quality

· Maintain the same PSNR quality as H.264

2 The present definition of ¼ pixel interpolation

The integer- and fractional pixel positions are indicated below:

 A b c d E

 f g h i j

 k l m n o

 p q r s t

 U v w x Y

The positions A,E U Y indicate integer pixel positions.  c k m o w indicate half pixel positions.  The interpolated values in these positions are obtained by using a 6-tap filter with impulse response (1/32, -5/32, 20/32, 20/32, -5/32, 1/32) operating on integer pixel values.  The filter is operated horizontally or vertically as appropriate.  To obtain the value for m the filter is operated on already interpolated values in the other direction.  To simplify the decoder, operation on 16 bit data is needed in the second part of the filtering to obtain m. 

The other positions are obtained by averaging two of the integer- or half pixel positions:

b=(A+c)/2,  d=(c+E)/2, f=(A+k)/2, g=(c+k)/2, h=(c+m)/2, i=(c+o)/2, j=(E+o)/2

l=(k+m)/2,  n=(m+o)/2, p=(U+k)/2, q=(k+w)/2, r=(m+w)/2, s=(w+o)/2, t=(Y+o)/2

v=(w+U)/2, x=(Y+w)/2

All these calculations are preformed with rounding towards nearest integer.
3 Definition of simplified fractional pixel interpolation

3.1 New ¼ pixel interpolation structure

The new structure relates to positions h, l, m, n, r:

m = (E + U)/2, h=(A+o)/2, l=(c+U)/2, n=(w+E)/2, r=(k+Y)/2

The calculations are preformed with rounding towards nearest integer.

Major simplifications are therefore obtained:

· The costly calculation of m is replaced by averaging two integer pixel positions

· Positions h, l, n, r no longer depend on m and are obtained by averaging between an integer position and a ½ pixel position horizontally or vertically

The new interpolations are indicated on the figure below.
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3.2 4-tap filter vertically

A 4-tap filter:  (-1, 5, 5, -1)/8 are used to produce the ½ pixel positions k and o (see above).

3.3 Modified rounding procedure

All ¼ pixel calculations are performed by averaging of two numbers with rounding.  This therefore represent a slight positive shift of the results.  This is compensated for in calculating the ½ pixel positions by using a rounding procedure that represent a slight negative shift.  Assume that p1 to p6 are integer pixel positions.  The following rounding is performed:

6-tap filter:

½ pixel value = (p1 – 5p2 + 20p3 + 20 p4 – 5p5 +p6 + 6)/32

4-tap filter:

½ pixel value = (-p2 + 5p3 + 5p4 – p5 + 1)/8

3.4 Comments on the filter characteristics

The frequency responses of the filters defined above may not look optimal as they both have some “overshoot” in the mid frequency range.  However, it must be considered that the ½ pixel positions are used to produced the ¼ pixel positions.  It turns out that the overall filtering is good regarding:

· A balanced average filtering

· Some variation in the frequency response.  By choosing different motion vectors, midrange frequencies can to some extent be amplified or attenuated.

4 Simulation results

Test conditions similar to the ones in H.264 are used.  However, the QCIF sequences are replaced by the corresponding CIF sequences.  Frame rates and Qp values are kept the same.  The reference coder is used with the following options turned on:

· JM 8.2, Baseline

· Hadamard:
off

· Search Range:
16

· Reference frames:
5

· Block sizes:
all

· RD-optimization:
on

The modified version with the simplified interpolation is run with the same options turned on.

4.1 Objective results

The table show the avsnr values in % for the simplified interpolation compared with the reference.  + means that simple interpolation use more bits than the reference.

	Sequence
	Bitrate for simplified Interpol compared with reference (%)

	Container
	-3,74%

	Foreman
	+1,34

	News
	-1,96

	Silent
	-1,95

	Paris
	+0,21

	Mobile
	+4,58

	Tempete
	+1,23

	Average
	-0,04


4.2 Subjective results

Document VCEG-W11 proposes a method for subjective comparisons of decoded sequences.  In line with this document, side by side comparisons will be made of the simplified interpolation and the reference coder.

5 Conclusions

The simplified interpolation result in:

· A significant simplification in the implementation of fractional pixel interpolation

· The average objective coding gain over all sequences is practically unchanged

· Initial tests indicate subjective gain (see also results of subjective tests at the meeting)

We therefore propose to consider the defined simplified interpolation in the further work in video compression.
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