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1. Introduction

Bi-predictive interpolation is twice as complex as P-frame interpolation since both forward and backward predictions have to be computed. There have been proposals such as [1] to reduce interpolation complexity by using 4-tap filter, but the proposals cause some loss in quality.

In this proposal 4-tap filter is proposed only for bi-predicted macroblocks. The worst-case complexity of the decoder is significantly reduced while the quality is not affected.

2. Method description

In B-frames, a macroblock can be predicted from a single frame in forward or backward direction or it can be predicted from two frames in forward and/or backward directions (bi-predicted macroblock). In the latter case, final prediction is average of the two predictions.

When the decoder sees forward or backward predicted macroblock, the normal 6-tap filtering is used possibly followed by simple linear filter as described in the current JVT specification [2]. When the decoder encounters a bi-predicted Macroblock, the decoder will switch to a selected 4-tap filter. Linear filtering is not used in this case. The following 4-tap filter coefficients are used for full-pixel, 1/4-pixel, 1/2-pixel and 3/4-pixel positions, respectively:

[ 0, 16,  0,  0], [-2, 14,  5, -1], [-2, 10, 10, -2], [-1,  5, 14, -2]

The worst-case complexity of interpolation occurs when 4x4 prediction mode is chosen and motion vector points to one of the five middle sub-pixel positions. In this case he number of multiplications when using 6-tap filter is (9*4+4*4)*6 = 312. That is, interpolation of one 4x4 block requires 9*4 horizontal filter operations and 4x4 vertical filter operations and each filter operation requires 6 multiplications (and 6 loads and 6 additions). For 4-tap filter, the number of multiplications is reduced to (7*4+4*4)*4 = 176. Thus, the complexity reduction compared to the 6-tap filter is 44%.

At first glance the encoder implementation may look problematic since two different filters are used. It seems that, for the best performance, motion estimation for bi-predicted macroblocks should be performed using sub-pixels from 4-tap filter. Simulations in the JM3.6 environment show, however, that using 6-tap filter always in motion estimation and obtaining only final prediction using 4-tap filter will not degrade performance. Therefore, no additional motion estimation is required.

3. PSNR results

Attached spreadsheet JVT-D029.xls contains RD-curves for the test set and QP values of the common conditions. One B-frame per one P-frame was used. Table 1 summarizes the Bjontegaard Delta PSNR provided by the proposed method. JM 3.6 was used in the tests with RD-optimization and UVLC coding. It can be seen that the proposed method does not introduce any loss in performance.

Table 1: Performance difference (Bjontegaard Delta PSNR) of the proposed method relative to the JM 3.6. QP = 12, 16, 20, 24 is used for low QP and QP = 28, 32, 36, 40 for high QP.

	QP
	News
	Foreman
	Container
	Silent
	Mobile
	Paris
	Tempete
	Average

	Low
	0.0139
	-0.0225
	0.0002
	0.0057
	-0.0169
	0.0108
	0.0258
	0.0024

	High
	0.0139
	0.0789
	0.0151
	0.0097
	0.0746
	0.0281
	0.0513
	0.0388


4. Conclusions

The compression efficiency of the proposed method is on average very close to the current method. The worst-case complexity of luma interpolation kernel is reduced by 44%. The reduction is achieved with negligible increase in encoder complexity. We propose that the method is adopted to the next version of the JVT draft standard.
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