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1. Summary

Weighted averaging of B-pictures (Q15-K44) and interpolative motion compensation (JVT-B075) have been proposed for coding of “from-black-fades” and “to-black-fades”. Both coding techniques scale the pixel amplitude of the prediction blocks according to the temporal distance of the prediction frames from the current frame. Weighted averaging of B-pictures can only be applied to “real” B-pictures whose reference frames surround the B-picture temporally. Interpolative motion compensation works optimally only if the picture rate is steady. We show that there is a generalized formula for pixel amplitude scaling according to temporal distance for any B/MH-pictures without any constraints on temporal frame positions or frame rate. The formula equals to weighted averaging of B-pictures and interpolative motion compensation if their constraints above are fulfilled. 

We believe that linear scaling of pixel amplitude of B/MH picture prediction blocks according to the temporal distance between the prediction frames and the current frame is not sufficient for all applications. Thus, we propose explicit signaling of pixel amplitude scaling factors.

The contribution is organized as follows: Some background information is given in section 2. To be more exact, section 2.1 discusses fades and gives an example of a non-linear fade. Section 2.2 reviews weighted B-picture averaging and interpolative motion compensation. Section 3 presents and proves the proposed formula for generalized B/MH-picture averaging. Section 4 includes the proposed syntax and semantics for explicit signaling of pixel amplitude scaling factors of B/MH-picture prediction blocks.

2. Background

2.1 Overview of Fades

Fades are relatively common effects in video clips especially at the beginning or in the end of a shot. While this paper concentrates on “from-black-fades” and “to-black-fades”, the overlay coding presented in JVT-C076 can be used to apply the proposal in cross-fades too. 

Figure 1 shows a typical “linear” fade, where the pixel amplitude values are a linearly proportional to the maximum pixel amplitudes as a function of time. For example, a fade from black is defined as follows: 
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where yo and co are the luminance and chrominance output pixels respectively, yi and ci are the luminance and chrominance input pixels respectively, and w is the amplitude weighting factor in the range of [0, 1]. T, T1, and T2 are the temporal references of the current frame, the first frame of the fade, and the last frame of the fade respectively.
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Figure 1. An example of a linear fade.

Sophisticated digital video editing tools allow flexible controlling of fading factors including a possibility to define a freeform fading curve. This additional flexibility can be used to create visually more pleasing results and special effects. Figure 2 shows an example of a “non-linear” fade, where the weighting factors are obtained from a logarithmic function shown in Figure 3.
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Figure 2. An example of non-linear fade.
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Figure 3. Logarithmic amplitude scaling function.

2.2 Coding Techniques Proposed Earlier

2.2.1 Weighted Averaging of B-Pictures

Q15-K44 contained a proposal to scale or weigh the calculation of the prediction block based on the distance between a B-picture and its anchor pictures. To be more exact, the following formula for a prediction block was proposed:
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where Pp is the prediction block from the previous reference picture, and Pf is the prediction block from the future or subsequent reference picture. TRD is the temporal distance between the temporally previous and next reference picture, and TRB is the temporal distance between the current picture and previous reference picture.

Q15-K44 was originally adopted in H.26L, but it was never incorporated into the JVT Working Draft or the Joint Model software. 

2.2.2 Interpolative Motion Compensation

The interpolative motion compensation method was proposed in JVT-B075. Two reference frames, r1 and r2, in the multi-frame buffer are used for the interpolation. First, motion compensation signals are generated for each of these two reference frames. Then, a weighted sum of the motion compensated signals is calculated as the prediction signal. The weighting factors w1 and w2 are used for reference frames r1 and r2, respectively. Weighting factor pair (2, -1) is useful for video sequences with linear fading. The brightness factor of fading at the current frame (b0) equals to the extrapolation of those for reference frames r2 and r1 (b2 and b1), that is b0=2b1-b2, independent of the fading factor (brightness change ratio). 
3. Generalized Weighting of MH-Pictures

The following weighting of pixel values for fades was proposed in JVT-B075:
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where P1 is the temporally former prediction block and P2 is the temporally latter prediction block. The formula implicitly assumes that the temporal distance of the reference frames is equal to the temporal distance of the current frame and the latter reference frame. The formula can be generalized for any temporal distance between the current frame and the latter reference frame:
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where T, T1, and T2 are the temporal references of the current frame, the temporally former prediction frame, and the temporally latter prediction frame respectively.

Now, let us assume that the temporal order of the prediction frames in the formulas above is not restricted at all. One case of temporal order is a conventional B-picture coding order, where T1 < T < T2. When using the notation of formula (2)

, 


[image: image18.wmf]21

1

TRDTT

TRBTT

=-

=-



 MACROBUTTON MTPlaceRef \* MERGEFORMAT (5)

Formula (4)

 then becomes
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It can be seen that formula (4)

 is actually a generalized form of both the interpolative motion compensation and the weighted B-picture averaging. 
(2)

. Thus, it was shown that formula (6)

 is equal to formula 
4. Proposal

4.1 Overview

We believe that the linear amplitude averaging of formula (4)

 is applicable to most cases. Non-linear averaging requires that the encoder receives input from the video editing tool about the amplitude scaling factors. However, we feel that both options should be enabled in the coding syntax.

Multiple possibilities exist to signal the non-linear amplitude scaling. We considered the following ones:

· The parameter set contains a flag that signals linear or non-linear weighting. 

· The slice header contains a flag that signals linear or non-linear weighting.

· A new slice coding type is dedicated for the B/MH-picture featuring non-linear amplitude weighting.

The first option would result into increased number of parameter sets, which should be avoided. No big difference exists between the other two alternatives. However, we did not want to increase the number of slice coding types, and therefore we ended up proposing a flag in the slice header.

4.2 Slice Header Syntax and Semantics

B-block weighting type (BBWT), 1-bit fixed-length code.
This field is present only if the slice coding type indicates a B-slice. If BBWT is zero, the prediction block is obtained with “linearly” weighted reference blocks according to formula (4)

. If BBWT is one, the prediction block is obtained from reference blocks that are weighted using explicitly signaled factors (see below).

First Weight Factor Magnitude (FWFM), variable-length code.
First Weight Factor Sign (FWFS), 1-bit fixed-length code.
Second Weight Factor Magnitude (SWFM), variable-length code.
Second Weight Factor Sign (SWFS), 1-bit fixed-length code.
Logarithmic Weight Denominator (LWD), variable-length code.
These fields are present only if BBWT is one. The prediction block P is calculated from the first and second reference blocks (P1 and P2) as follows:
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To limit the calculation to 16-bit precision, the following conditions shall be met:
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