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1 Abstract

In this document, we compare the complexity of two techniques: decoder interpolation process of the standard Wiener filter, applied for H.264/AVC and two-dimensional non-separable adaptive filter, presented in [1], [2]. Further more, we also analyze a possible increase of the encoder complexity, in case the new approach is applied.

2 Comparison of the Decoder Complexity
The interpolation process used in H.264/AVC is depicted in Fig. 1. For each sub-block depending on the coding mode of the current macroblock, only one different sub-pel position has to be generated as a prediction value for current pixel of the subblock.

In case the standard interpolation process is applied, and assuming, that the costs of the multiplication, addition and shift-operation are equal, we get following costs for sub-pel position b:
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where 
[image: image2.wmf]b

N

(
[image: image3.wmf]h

N

) is the number of mentioned operations for the sub-pel position b (h).

For sub-pel position a(c, d, l);
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For sub-pel position e (g, m, o):
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For sub-pel position j:
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where 
[image: image7.wmf]A

b

 is the half-pel position in the A1-A6 raw, 
[image: image8.wmf]B

b

 is the half-pel position in the B1-B6 raw and so on. However, in contrast to other sub-pel positions, for the sub-pel position j, a number of intermediate sub-pel positions are reusable for the entire subblock. That is why, we would like to calculate the average costs for the sub-pel position b. For this purpose, we also assume, that the sub-block size is 4x4. Then, only for the first raw (4 samples), complete number of operations 
[image: image9.wmf]j

N

 has to be executed. For the remaining 12 samples of the 4x4-sub-block, five of six (
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) sub-pel positions are already computed. Thus, we need to calculate 
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 and then execute the equation (4) with already known half-pel positions. The average number of operations results in:
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Fig. 1: Integer samples (shaded blocks with upper-case letters) and fractional sample positions (white blocks with lower-case letters) for quarter-pel sample interpolation.

And for sub-pel position f:
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Since also for these sub-pel positions the most of intermediate sub-pel positions are reusable, we calculate the average number of required operations:
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Also assuming equipartition of the motion vectors with regard to different sub-pel positions, we can calculate average costs per calculating one sub-pel position:
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In case of adaptive non-separable filter we get following costs:
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Thus, average costs result in:
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Further more, we have to add, that in contrast to the standard approach, where the word length is 16 bits, the word length for every operation for non-separable 2D filter is 32 bits. This results in double complexity of 
[image: image23.wmf]A

N

. Thus, the ratio of complexities for the interpolation process with regard to all sub-pel positions without full-pel positions is
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Since the interpolation process of the standard decoder costs approximately 20% of the entire complexity
, total increase of complexity of the decoder due to the proposed approach is approximately 40%. This results in gain of coding efficiency of up to 30%.

3 Comparison of the Encoder Complexity

At the encoder side, we can also achieve only a slight increase of complexity of a proposed approach. In case of a smart implementation, in a first loop only interpolation process for a new reference frame and motion estimation need to be done. Furthermore, the filter coefficients have to be calculated. Note, that no transformation, inverse transformation, deblocking filtering and entropy coding need to be done. In the second loop, all of the reference frames have to be interpolated with the new filter. Then, motion estimation is performed for a second time, in order to enable rate-distortion optimization. Since the motion vectors estimated in the first and in the second loop are highly correlated (up to 90% show either at the same sub-pel position or at the neighboring one), a reduced motion estimation can be done, where only the sub-pel position, estimated in the first loop and its neighbors are checked. Then, transformation/quantization, inverse transformation/quantization, deblocking filtering as well as entropy coding are performed. Thus, complexity increase of about 40-50% can be achieved for nearly the same performance as presented in [1].
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� Speed optimized reference decoder JM10.1 Main Profile has been used for the measure.
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