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Abstract

In previous contributions [1],[2] we presented an adaptive interpolation filter, which is adopted into the KTA reference model [3]. For each P slice and adaptively for B slice, the coefficients of the interpolation filter are analytically calculated and transmitted. However, in cases of very low bit rates or no motion, the costs of the additional side information might be higher than the coding gain obtained by means of adaptive interpolation filter (AIF). To overcome this problem, we present a modified coder control for adaptive interpolation filter in this document. For each P- and B-slice, it is decided based on rate distortion criterion to apply either the standard or the adaptive interpolation filter, signalled with an additional flag transmitted in the slice header. Therefore, the filter coefficients are transmitted only in case the coding gain is higher than the costs for the side information. This results in rate-distortion improvements compared to the standard H.264/AVC for all tested sequences even at very low bit rates.
Motivation
In Figure 1, the rate-distortion curves of the test sequence Containter, QCIF, 150 frames at 15 Hz are depicted for the common test conditions [4], where H.264/AVC standard is compared to the KTA reference model 1.2 [3] with adaptive interpolation filter (AIF) on (UseAdaptiveFilter=3). This sequence contains very low motion. One can see that the standard H.264 outperforms KTA especially at low bit rates, for which the costs of the filter coefficients, which have to be transmitted additionally, are higher than the coding gain, obtained by means of AIF. The average bit rate reduction, calculated with the Bjontegaard tool [5] is -10% for this sequence.
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Figure 1: Measured rate-distortion curves for the test sequence Containter, QCIF, 150 frames at 15 Hz.
Proposal

In order to make AIF universally deployable, we propose a modified coder control. For each P- and B-slice, the rate distortion costs when using the standard interpolation filter are compared to the ones when using the adaptive interpolation filter. The interpolation filter, resulting in lower rate distortion costs, is then applied. This is signalled with an additional flag in the slice header.  Note, that comparing to the KTA 1.2, the computational expense of the encoder is not increased. The computational expense of the decoder is even lower.
Experimental Results

In Figure 2, the bit rate reductions of the proposed method compared to the H.264/AVC standard for several test sequences including all sequences recommended in [4] are depicted. For all sequences, the settings for High Profile recommended in [4] were applied, when using the standard H.264/AVC. Applying AIF, WeightedPrediction was always switched off. 

For all tested sequences, bit rate reductions of up to 16% are observed, measured with the Bjontegaard tool (except for the sequence paris_cif, where 0.19% bit rate increase is reported). E.g. for the sequence Container_qcif, the bit rate is reduced by of 1% by the new coder control compared to -10% as achieved by the old coder control. The exact PSNR values and corresponding bit rates for all tested sequences can be found in the accompanying Exel-file.
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Figure 2: Bit rate reduction of the tool adaptive interpolation filter compared to H.264/AVC, measured with the Bjontegaard method.
Compatibility with APEC-Tool

In this Chapter, we present the experimental results when combining AIF with adaptive prediction error coding (APEC) [6]. In Figure 3, the additional bit rate reductions for the test sequences due to additional usage of APEC over AIF are presented. 
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Figure 3: Additional bit rate  reduction due to APEC over AIF, measured with the Bjontegaard method.
One can observe, that in the most cases APEC achieves significant bit rate reductions for the sequences, where AIF has only marginal or no improvements (e.g. silent_qcif, paris_cif, preakness_720p) and vice versa (e.g. foreman_qcif, waterfall_cif, raven_720p, sunflower_1080p). In some cases, both tools achieve nearly equal bit rate reductions (e.g. concrete_cif). This makes both tools, applied together, universally deployable.
In Figure 4, overall bit rate reductions of the tools AIF and APEC compared to the standard H.264/AVC are depicted. Almost for all sequences, significant improvements, measured with Bjontegaard method, are achieved (average approximately 7% for QCIF and 9% for CIF and HDTV). The exact PSNR values and corresponding bit rates for all tested sequences can be found in the accompanying Exel-file.
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Figure 4: Bit rate reduction of the tools AIF & APEC compared to H.264/AVC, measured with the Bjontegaard method.
Compatibility with 1/8th motion vector resolution

In this Chapter, we present the results when combining AIF and APEC with 1/8th-pel motion vector resolution [7], [8]. In Figure 5, the additional bit rate reductions for all test sequences due to the additional usage of 1/8th-pel motion vector resolution over APEC and AIF are presented.
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Figure 5: Additional bit rate  reduction due to 1/8th-pel over AIF and APEC, measured with Bjontegaard method.

For the sequences containing high spatial spectral components (e.g. mobile_qcif, concrete_cif), additional bit rate reductions of up approximately 7%, measured with Bjontegaard method, are reported. Furthermore, for almost all CIF and QCIF sequences there are significant coding gains in the area of high bit rates. In Figure 6 and in Figure 7 the rate distortion curves for the test sequences Mobile & Calendar and Flowergarden are depicted. Although the coding gain due to the Bjontegaard method is nearly 6% for Mobile & Calendar and only 1% for Flowergarden, the bit rate reductions for both sequences at high bit rates are very high and similar. For HDTV sequences, coding losses of averagely 4% are measured. However, applying the 1/8th-pel motion vector resolution adaptively would result in significantly higher gains for CIF and QCIF sequences and in small additional gains for HDTV sequences.
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Figure 6: Measured rate distortion curves for the test sequence Mobile & Calendar, CIF, 30 Hz.

[image: image7.emf]26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

0 500 1000 1500 2000 2500

kbit/sec

Y-PSNR

1/4th, aif, apec

1/8th, aif, apec


Figure 7: Measured rate distortion curves for the test sequence Flowergarden, CIF, 30 Hz.

In Figure 8, overall bit rate reductions of the tools AIF, APEC and 1/8th-pel motion vector resolution compared to the standard H.264/AVC are depicted. Note, that these results represent the case when 1/8th-pel is always used. Average bit rate reductions of 7% for QCIF,  11% for CIF and 4% for HDTV sequences are achieved. The exact PSNR values and corresponding bit rates for all tested sequences can be found in the accompanying Exel-file.
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Figure 8: Bit rate reduction of the tools AIF & APEC & 1/8th-pel motion vector resolution compared to H.264/AVC, measured with the Bjontegaard method.

Conclusions

This paper presents an improved method, when applying adaptive interpolation filter, presented in [1]. The proposed method provides bit rate reductions for all tested sequences of up to 5% for QCIF sequences (average 2%), up to 8% for CIF sequences (average 4%) and up to 15% for HDTV sequences (average 8%), respectively. The computational expense of the encoder of the proposed method is kept, the computational expense of the decoder is decreased compared to [3].

Combining AIF with APEC results in further bit rate reductions (average approximately 7% for QCIF and nearly 9% for CIF and HDTV sequences). This makes both tools universally deployable for all bit rates, video contents and spatial resolutions. Further average improvements of 1% for QCIF and 2% for CIF sequences can be achieved when applying 1/8th-pel motion vector resolution. For HDTV sequences, coding losses are measured. However, applying the 1/8th-pel motion vector resolution adaptively would result in significantly higher gains for CIF and QCIF sequences and in small additional gains for HDTV sequences.
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